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The Most Definitive and Comprehensive 
Resource for Esophageal Cancer 

Written by recognized leaders from all specialties involved in 
esophageal cancer, Esophageal Cancer: Principles and 
Practice presents a multidisciplinary approach to the 
complexities of esophageal cancer.  Divided into seven major 
sections, this book includes the expertise of every medical 
specialist on the team—surgery, medical oncology, radiation 
oncology, gastroenterology, pathology, radiology, palliative 
medicine, nutrition, nurse specialists as well as basic, 
translational, and health services related research pertaining 
to neoplasia of the esophagus. 

Comprehensive coverage including:

• the biology of esophageal cancer with a particular 
emphasis on the pathogenesis, molecular biology, and 
epidemiology of Barrett’s esophagus and esophageal 
adenocarcinoma

• esophageal imaging and staging

• the principles and rationale of therapeutic approaches 
for esophageal cancer

• the clinical background, gross  findings, histology and 
presentation of all benign and malignant neoplasms of 
the esophagus

• surgical techniques including pre- and post operative 
management as well as prevention and management 
of complications 

• the techniques used to provide effective palliation for 
the patient with advanced locoregional or distant 
disease

• rationale and current understanding of molecular 
prognostication

With its multidisciplinary approach and comprehensive 
coverage, Esophageal Cancer: Principles and Practice is an 
indispensable resource for all practitioners who participate in 
the management of esophageal cancer. 

“Well written and well illustrated, a current and forward 
viewing text of this type is imperative to advance the 
diagnosis and therapy of esophageal cancer, especially in 
the context of an inter-related interdisciplinary approach.”

Anil K. Rustgi, MD
T. Grier Miller Professor of Medicine & Genetics

Chief of Gastroenterology
Co-Director, Tumor Biology Program

Abramson Cancer Center
University of Pennsylvania School of Medicine

Philadelphia, Pennsylvania, USA

“Even in today’s age of electronic search capabilities, a 
visit to this volume will be highly rewarding in time and effort 
as the relevant information is easily found. This book will be 
a very useful guide and reference volume for clinical and 
non-clinical staff and students who wish to explore or enter 
into this field, or who wish to access the contemporary 
thinking by world leaders in esophageal cancer.”

John Wong, MD
Professor of Surgery

Department of Surgery
The University of Hong Kong

Hong Kong, China
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 Foreword 

  Esophageal cancer encompasses various types; the 
two predominant types are squamous cell cancer 
and adenocarcinoma. Their biologic and clinical fea-
tures are compelling not only in the United States but 
worldwide as well. Other types of benign and malig-
nant esophageal tumors, although less common, are of 
interest to both scientists and clinicians. Well-written 
and well-illustrated, this book is important and timely. 
The esteemed editors Drs. Jobe, Thomas, and Hunter 
have recruited over 100 experienced, expert contribut-
ing authors from diverse fi elds and disciplines to dis-
sect successfully different aspects of esophageal cancer 
into overarching sections discussing biology, imaging/ 
staging, principles of therapy (including specifi c thera-
pies), tumor types, therapy, and palliation. Each section 

has specifi c chapters that will have broad appeal to 
the oncologist, surgeon, gastroenterologist, radiolo-
gist,  pathologist, trainee, and allied heath personnel. A 
 current and forward-viewing text of this type is impera-
tive to advance the diagnosis and therapy of esophageal 
 cancer, especially in the context of an interrelated inter-
disciplinary approach. 

 Anil K. Rustgi, MD 
 T. Grier Miller Professor of Medicine & Genetics 

 Chief of Gastroenterology 
 Co-Director, Tumor Biology Program 

 Abramson Cancer Center 
 University of Pennsylvania School of Medicine 

Philadelphia, Pennsylvania 
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This text is a precursor of other books that embody 
the concept of covering a single complex condition 
comprehensively.

 One of the outstanding features of this volume is 
the attention paid to topics that are usually skimmed 
over by other texts but that are clinically important and 
diffi cult to manage, such as the management of recur-
rences, pain control, and palliative care—topics that 
are specifi c and relevant to the treatment of esophageal 
cancer. 

 Moreover, this book has not neglected the practi-
cal aspects of esophageal cancer treatment, and a sig-
nifi cant focus has been placed on surgical techniques, 
which are treated in a stand-alone style for each 
procedure. 

 This volume has greatly impressed me in the fol-
lowing areas: 

 The totality in coverage of each topic with equal em-
phasis on the technical as well as multidisciplinary 
 aspects of treatment. 
 The in-depth treatment of non-surgical topics in man-
agement at different phases of the disease. 

•

•

 The wide-ranging attention to the disease’s biologic 
aspects and basic science, which contribute greatly to 
palliative care. 
 This text is technologically at the forefront and that is 
essential in the management of imaging, staging, mini-
mally invasive methods, and biologic predictors. 
 The information is current and up to date. 
 The contributors are mostly young and rising academics 
who have projected fresh ideas and energy into this text. 

 Even in today’s age of electronic search capabilities, a 
visit to this volume will be highly rewarding in time and ef-
fort as the relevant information is easily found. This book 
will be a very useful guide and reference volume for clini-
cal and non-clinical staff and students who wish to explore 
or enter into this fi eld, or who wish to access the contem-
porary thinking by world leaders in esophageal cancer. 

 John Wong, MD 
 Professor of Surgery 

 Department of Surgery 
 The University of Hong Kong 

Hong Kong, China

•

•

•
•

Foreword
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 Preface 

molecular biology, and epidemiology of Barrett’s esoph-
agus and esophageal adenocarcinoma. In addition, we 
cover unique areas related to esophageal carcinogenesis, 
such as the link between esophageal cancer and morbid 
obesity and the relationship between H. pylori and Bar-
rett’s esophagus. It was the hope of the editors that this 
book will also serve as a valuable and defi nitive resource 
for esophageal cancer researchers. In this vein, there are 
chapters that outline the molecular biology of Barrett’s 
esophagus and pre-clinical models for investigation. 

 Section two provides a detailed overview of cutting-
edge esophageal imaging and staging. We have catego-
rized the esophageal imaging components of this section 
into a description of the current (and future) technologies 
that are available to endoscopically examine the esopha-
geal mucosa. In addition, we have separated esophageal 
imaging into anatomic and functional approaches in 
order to highlight the emphasis that is currently being 
placed on  in-vivo  measures of tumor biology. Techniques 
for staging have been covered from the perspective of 
clinical, endoscopic, and surgical approaches and high-
light the utility of endoscopic mucosal resection in the 
staging of the esophageal nodule with the goal of provid-
ing tailored therapy. Finally, as our insights grow sur-
rounding the natural history and the patterns of tumor 
progression, we have addressed the need for the modifi -
cation of the current American Joint Committee on Can-
cer Tumor, Node, Metastasis (TNM) staging system. 

 Section three relates to the principles and rationale 
surrounding the myriad of therapeutic approaches for 
esophageal cancer. In order to provide a solid foundation 
for this section on therapy, the editors have been care-
ful to emphasize the fundamental concepts surrounding 

 It is with great excitement that the editors and associate 
editors present the fi rst edition of  Esophageal Cancer: 
Principles and Practice . This text was specifi cally de-
signed to address the complexities in the understanding 
and management of esophageal cancer with an empha-
sis on a multidisciplinary approach. The contributors in-
clude the major thought leaders in the world, including 
specialists in surgery, medical oncology, radiation oncol-
ogy, gastroenterology, pathology, radiology, palliative 
medicine, nutrition and nurse specialists, as well as ex-
perts in basic, translational, and health services research 
of esophageal cancer. This work will fi ll a distinct void 
by providing a defi nitive synthesis of all pertinent infor-
mation in this arena and has been constructed in such a 
way so as to remain accessible, practical, and useful to 
all practitioners who participate in the care of the patient 
with esophageal neoplasia. The genesis of this work was 
spawned from our own multidisciplinary esophageal 
cancer care team that was created to enhance communi-
cation between disciplines and provide high-quality and 
evidence-based treatment. 

 While this book focuses primarily on the two most 
common cancers that plague the esophagus, this text will 
be an opportunity to provide the fi rst in-depth coverage 
of  all  types of esophageal neoplasms, regardless of inci-
dence. Because the incidence of esophageal cancer has 
increased by several hundred percent over the past four 
decades, and because the overall mortality of this disease 
is near 90%, the need for a detailed and rigorous amal-
gam of cutting-edge information is dire. We have con-
structed this book to cover seven fundamental areas. 

 Section one is centered on the biology of esophageal 
cancer with a particular emphasis on the pathogenesis, 
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multimodal therapy, as well as outline the principles of 
chemotherapy, radiation therapy, and surgical therapy. 
In addition, we look to the future and discuss the ratio-
nale and current standing of the rapidly evolving area of 
molecularly targeted therapies for esophageal cancer. 

 Section four consists of a series of several “mini-
chapters” dedicated to describing the clinical back-
ground, gross fi ndings, histology, and presentation of all 
benign and malignant neoplasms of the esophagus. 

 These initial four sections of  Principles and Prac-
tice  set the stage for the most comprehensive amalgam 
of defi nitive therapies for Barrett’s esophagus and inva-
sive malignancy ever assembled. Chapters 61 through 
75 provide pragmatic “how-to” details of the surgical 
techniques used to address the various anatomical loca-
tions and stages of esophageal malignancy. Equally as 
important, there are several chapters which pertain to 
the pre and postoperative management of the esopha-
geal cancer patient, as well as discussions surrounding 
the prevention and management of complications re-
lated to surgery and multimodal therapy. 

 Section six is entirely one of a kind in that it is ded-
icated solely to the techniques used to provide effective 
palliation for the patient with advanced locoregional or 
distant disease. The relief of dysphagia is perhaps one 

of the most critical aspects of providing effective pal-
liation for the esophageal cancer patient. This section 
covers all of the techniques currently being used in the 
restoration of luminal patency. Three chapters in this 
section are dedicated to optimizing the palliation of the 
“entire patient” and providing maximal support and 
communication to the family of patients with esopha-
geal cancer. 

Section seven provides a glimpse of the future with 
an overview of the use of molecular markers for predict-
ing tumor behavior and outcome. These markers may 
become targets for “designer chemotherapy” of esopha-
geal cancer. Individualized cancer care will be possible 
once we are able to identify target genes and proteins 
specifi c to each patient’s esophageal cancer.  

 The editors and associate editors are extremely proud 
of this fi rst edition of  Esophageal Cancer: Principles and 
Practice,  and we wish to thank all of the contributors who 
have given of their time, insight, and experience to create 
a truly unique text that will serve as a valuable resource as 
we care for our patients with esophageal cancer. 

  Blair A. Jobe, MD, FACS  
  Charles R. Thomas, Jr., MD  
  John G. Hunter, MD, FACS  
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  1  Esophageal Embryology 
and Congenital Disorders 

 Alexandru Gaman 
 Braden Kuo 

mbryologic development of the 
esophagus forms the foundation of 
the esophageal anatomy at the gross 
and microscopic levels. Abnormali-
ties in the esophageal development 

can lead to certain important clinical conditions. 

 EARLY STAGES: FROM CONCEPTION 
TO THE PRIMORDIAL GUT 

 In order to have a clear understanding of the esopha-
geal system formation, the early stages of the esophageal 
development are presented in the context of the entire 
embryonic development process. 

 Embryonic period is defi ned from conception to 8 
weeks. During this period the formation of the primor-
dial organs takes place, a process called organogenesis. 
Afterwards, during the fetal period (9 weeks–delivery), 
the organs differentiate and mature. 

 In the very early stages, during the embryonic pe-
riod, the embryo is composed of cellular layers that later 
will organize progressively to form specialized structures 
such as organs. During the fi rst two weeks, the embryo is 
formed from two cellular layers (bilaminar stage): hypo- 
and epiblast. The hypoblast faces the yolk sac (exocelomic 

cavity) and the epiblast faces the amniotic cavity. During 
the bilaminar stage, the embryo is totally embedded in 
the uterine layers, beginning with day 10 from the time 
of conception. In this stage, the cranial end of the hypo-
blast will start to thicken and form a structure called the 
bucopharyngeal membrane, which is a landmark in the 
evolution of the digestive system; it represents the cranial 
end of the primordial digestive system (1). 

 In the third week, a groove, the primary streak, ap-
pears on the surface of the epiblast and further invaginates 
toward the hypoblast by a process of cellular migration. 
The formation of the primitive streak is determined by 
the inductive activity of a cell population located in the 
posterior marginal zone of the blastiodisc (2). Inductor 
protein molecules such as activin (2), Vg1gene product 
(3), Wnt8c (4) and chordin (5) have a paracrine effect on 
the epiblast cell located in the vicinity of the posterior 
marginal zone. These factors determine the proliferation 
of the epiblast cells and their differentiation into the pri-
mary streak. Some other gene expression factors, such as 
BMP4 and Cerebrus, inhibit or lateralize the formation 
of the primary streak (5,6). This is the period when the 
embryo becomes a trilaminate structure: the epiblast will 
transform into ecto- and mesoderm and the hypoblast 
into endoderm. The mesodermal layer of the embryo 
has an important role in the formation of the digestive 

 E
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tract because it represents the origin of connective tissue, 
angioblasts, smooth muscles, interstitial cells of Cajal 
(ICC), and serosal layers in the gut (1,7). 

 The rapid volumetric growth of the embryo will 
determine craniocaudal and lateral folding at the begin-
ning of the fourth week. The dorsal part of the yolk 
sac will transform into a cavity (intraembryonic cavity) 
lined by the endododermal columnar epithelium and 
form the primordium of the digestive tract. The pri-
mordial digestive tract is limited by 2 blind ends: the 
ectodermal-endodermal bucopharyngeal membrane at 
the cranial end and the ectodermal-endodermal cloa-
cal membrane at the caudal end. Later, around the 12th 
week, the bulk part of the yolk sac that was not in-
corporated in the embryo will regress and then, at 20 
weeks, will disappear completely. Failure of the yolk sac 
to regress totally determines the persistence of an ileal 
diverticulum called Meckel’s diverticulum that has clini-
cal importance especially during the infancy. 

 Gut development takes place in 4 major patterned 
axes: anterior-posterior, dorsoventral, left-right, and ra-
dial. Each axis development is based on the epithelial-
mesenchymal interactions mediated by specifi c molecular 
pathways (8). Thus, growth factors such as Wnt, ex-
pressed by the mesoderm (9), and also Six2/Sox2, Bmp4, 
Hox are specifi cally involved in anterior-posterior axis 
development (8). As an example, Sox2 gene abnormali-
ties have been associated with unilateral and bilateral 
anopthalmia but also esophageal atresia, myopathies, 
and genital tract abnormalities (10). These factors affect 
both the esophageal environment and the neural crest 
cells by making the environment more permissive for 
neural crest cells and by preparing the neural crest cells to 
migrate within the esophagus. The dorsoventral pattern-
ing of the gut is infl uenced by an asymmetrical expres-
sion of the sonic hedgehog (Shh) gene. This gene is less 
expressed on the ventral side of the endoderm in regions 
of active budding morphogenesis (8). The “master con-
trol molecules” driving the left-right asymmetry are Shh 
and activin: the Shh expression is restricted in the left side, 
while the activin is expressed more on the right side. The 
radial axis development is infl uenced by Shh and Bmp4 
genes. Similar to the dorsoventral axis, the Shh gene is 
asymmetrically expressed along the radial axis (8). 

 The type of the structure that will form from the pri-
mordial gut is dictated by a strong interrelation between 
endoderm and splanchnic mesoderm. The mesoderm is 
the one that drives the formation of a specifi c type of 
lineage: as, for example, lungs in the thorax or colon in 
the hindgut region (11). The mechanisms involved here 
are probably similar to those involved in the axis devel-
opment; namely, through Hox and Shh gene products. 
Interestingly, the expression of the Hox gene in the gut 
mesoderm is intimately related to the Shh expression 
from the endoderm. Roberts et al. (12) demonstrated that 

proteins expressed by the Shh genes act on the mesoderm 
to induce Hox expression, infl uencing gut development 
in the anterior-posterior axis. 

 ESOPHAGUS, FROM THE FOREGUT 
TO THE ADULT ORGAN 

 Gross Structural Development 

 For descriptive purposes, the primordial gut is divided 
in 3 regions, each of which has different roles, vascular-
ization, and innervation: the foregut, the midgut, and 
hindgut (Figure 1.1).   

 The esophagus is derived directly from the fore-
gut, which is the cranial division of the primordial gut. 
Besides the esophagus, the foregut represents the origins 
of pharynx, upper and lower respiratory system, stom-
ach, and duodenum proximal to the opening of the bili-
ary duct, as well as annex glands: liver, biliary tree, and 
pancreas. 

 The beginning of the esophageal differentiation is 
marked by appearance of a small diverticulum on the 
dorsal surface of the foregut, close to the bucopharyn-
geal membrane, at around 22–23 days after conception, 
when the embryo is around 3 mm in length (Figure 1.2). 
The appearance of this bud marks also the beginning 
of the tracheal differentiation. The esophagus is derived 
by the development of the foregut segment between the 

Liver
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Esophageal
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HeartPharynx
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FIGURE 1.1

The primordial gut is divided in 3 regions having different 
roles, vascularization, and innervation.
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tracheal diverticulum and the stomach dilation. The di-
verticulum grows caudally and parallel with the foregut, 
forming a groove that is connected in the early stages to 
the lumen of the foregut. As previously mentioned, spe-
cifi c distinct differentiation into trachea or esophagus, 
even if these structures derive both from the endoderm, 
is dictated by Hox gene products and the mesoderm 
situated around the foregut. Sox2 is one of the genes 
playing a central role in generating morphologically and 
physiologically distinct types of epithelial cells (13). In 
some circumstances, the foregut may transform totally 
into trachea, thereby creating a condition characterized 
by a complete absence of the esophagus. In less severe 
forms, only some segments of the esophagus fail to de-
velop generating esophageal atresia.   

 Shortly after the development of the primordial 
upper respiratory system, the cells from the lateral wall 
start to proliferate and to drive formation of a septum 
that separates the trachea from the esophagus. This sep-
aration proceeds from caudally toward cranially, and 
it is not completed until 34–36 days, when the embryo 
is about 17.5 mm (14). One of the genes proposed to 
play an important role in the normal process of separa-
tion is the Shh gene. Shh -/- mutants fail to develop the 
tracheoesophageal septum, and the esophagus and tra-
chea fail to differentiate (15). In humans, heterozygote 
genotype Shh +/- is associated with major developmen-
tal defects such as cyclopia, midfacial clefting, mild hy-
potelorism, and holoprosencephalia (16). Failure of the 
septum to completely close the communication between 
the esophagus and the trachea will generate a condition 
called tracheoesophageal (TE) fi stula, seen in congenital 
syndromes such as VACTERL (vertebral abnormalities, 
anal atresia, cardiac defects, TE fi stula, renal abnor-
malities, limb abnormalities) and with the Trisomy 18 
(Patau syndrome). TE fi stula can be seen in Down syn-
drome as well, where it can be associated with an atretic 

esophagus. The subjects with Down syndrome have an 
incidence of 0.9% and a risk 30 times more than ex-
pected to develop congenital esophageal atresia (17). 

 When esophageal atresia is also associated with 
TE fi stula, the amniotic fl uid can circulate and reach 
the stomach through the trachea and polyhydramnios 
usually does not result. These patients present with fetal 
growth retardation and 40% of infants weigh less than 
2,500 g at birth (18). In pure esophageal atresia without 
TE fi stula, polyhydramnios occurs because the fetus can-
not swallow and circulate the amniotic liquid during the 
fetal life and this accumulation of amniotic liquid results 
in increased fetal mortality (19). 

 Another condition generated by abnormalities of 
the septum, laryngotracheoesophageal cleft (LTEC), is a 
posterior midline defect described in 4 variants. Many 
syndromes are associated with LTECs, such as CHARGE 
syndrome (coloboma of the eye, heart defects, atresia 
of the coanae, retardation of growth and development, 
genital abnormalities, and urinary abnormalities), Opitz 
syndrome (associated with midline body defects such as 
cleft lip and palate, heart defects, and hypospadias), and 
Pallister-Hall syndrome (associated with hypothalamic 
abnormalities, supernumerary fi ngers, bifi d epiglottis, 
and imperforate anus). It is hypothesized that the MID1 
gene is involved in patterning of the left to right body axis 
and the development of the gut endoderm. Most males 
with MID1 mutated gene present with LTEC (20). 

 Parallel with the separation process, the primordial 
trachea and esophagus continue to elongate caudally be-
cause of the descent of the heart and lungs in the thorax. 
The elongation process carries the stomach below the 
developing diaphragm. Abnormalities in the elongation 
process can create a condition characterized by a short 
esophagus, where a part of the stomach may be displaced 
through the hiatal hernia in the diaphragm. Congenital 
hiatal hernia is detailed later on this chapter. 

 Esophageal Epithelium Development 

 The esophageal epithelium is derived from the plu-
ripotent endodermal layer. Up to the eighth week, the 
esophageal epithelium develops to a pseudostratifi ed co-
lumnar epithelium (21), and this development prolifer-
ates extensively until it almost but not totally occludes 
the lumen, for a short period of time. At around the 10th 
week, the recanalization process restores the esophageal 
lumen. Abnormalities of the recanalization process gen-
erate esophageal atresia, stenosis, and duplication (14). 

 At the same period, around the eighth week, cili-
ated cells appear in the middle third of the esophagus, 
as documented with scanning and transmission electron 
microscopy (SEM and TEM) techniques (22). The cili-
ated cells will migrate caudally and cranially, replacing 
the pseudostratifi ed epithelium and forming a superfi cial 

FIGURE 1.2

Successive stage in development of the respiratory diverticu-
lum and esophagus through partitioning of the foregut. (A) 
At the end of the third week (lateral view). (B, C) During the 
fourth week (ventral view).
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layer that develops until the fourth month of the pre-
natal period (14). Around the 14th week, the ciliated 
epithelium is again replaced with a stratifi ed squamous 
epithelium that initially appears in the middle third of 
the esophagus (21,22). This process is similar to the 
one previously described, where the squamous stratifi ed 
epithelium extends rostrally and caudally. Immunohis-
tochemistry showed that the replacement of the ciliated 
with a squamous epithelium is done through transdif-
ferentiation, a subclass of metaplasia that irreversibly 
converts an already differentiated tissue with a new one, 
resulting in loss of one phenotype and gaining a new one 
(23). The electron microscopic studies showed that the 
glycogen granules in non-ciliated cells decrease as the 
differentiation of the epithelium progresses (22). 

 Sometimes the transdifferentiation process can be 
incomplete at birth and especially in premature children, 
patches of ciliated epithelium may be seen (24). There 
are reported cases of subjects with esophageal cysts cov-
ered with ciliated respiratory type of epithelium (25). 
Residual islands of ciliated epithelium at the proximal 
and distal ends of the esophagus may give rise to the 
superfi cial esophageal glands (14,26). 

 Esophageal Muscular Layers Development 

 The embryologic development of the muscular layer of 
the esophagus is driven by regulatory factors inducing 
transformation of the mesenchyme. The adult esophagus 
is composed of three subdivisions: the upper third with 
striated muscle, middle third with a mixture of smooth 
and striated muscle, and the lower third containing only 
smooth muscle. 

 The muscular tissue in general is derived from the 
embryonic mesenchyme, the middle layer of the tri-
laminar embryo. The muscles of the upper third of the 
esophagus and of the upper esophageal sphincter are 
derived from the mesenchyme in the caudal pharyngeal 
arches (4, 5, and 6), and this explains also the innerva-
tion of this area: the recurrent laryngeal nerve and the 
vagus nerve (27). 

 The process of the striated muscle differentiation 
in the upper third of the esophagus is still not very well 
understood. In the early stages of development in rats, 
the muscularis externa is mainly composed of differenti-
ated smooth muscle. Some studies (28,29) suggest that 
the appearance of the striatal muscle is produced by 
transdifferentiation process, progressing in a rostrocau-
dal fashion. The fi rst detected striatal fi bers are found in 
the most rostral parts of the upper esophagus in the rat 
embryo in day 15 (E15). In the murine esophagus, the 
transdifferentiation takes place late prenatally and even 
after birth in the early stages of the postnatal develop-
ment (30). Muscle regulatory factors (MRF) are hypoth-
esized to be involved in the switch from one phenotype 

to another (28), demonstrated by the conversion of the 
smooth muscle cells to a skeletal phenotype with the ec-
topic expression of the MyoD (31). 

 The smooth muscle found in the lower third of the 
esophagus and the lower esophageal sphincter is derived 
from the somitic mesenchyme surrounding the fore-
gut. The smooth muscle differentiation begins after the 
neural crest cells colonizes the gut. Of all the muscular 
layers, the circular one appears the earliest, at the begin-
ning of the sixth week. The longitudinal smooth layer 
appears around the ninth week and is differentiated by 
week 12. The maturation of the longitudinal and circu-
lar muscular layers seem to occur as well in a rostrocau-
dal direction (32). 

 The middle third of the esophagus consists of bun-
dles of striated and smooth muscles. How this mixed 
pattern of muscles develops is not fully understood. 

 Nerve Development 

 The esophagus is innervated by the autonomous nervous 
system (ANS) by its two divisions: sympathetic and para-
sympathetic. These two divisions control the esophageal 
activity by two nervous plexuses located in the esopha-
geal walls: the myenteric plexus, located between the 
muscularis propria, and the muscularis mucosa and the 
submucosal plexus, located between the inner circular 
and outer longitudinal layers of smooth muscle. These 
two plexuses form the intrinsic neural system of the gut. 
The origin of the neural enteric system is the neural crest 
of the ectoderm. 

 The two intrinsic plexuses from the muscular wall 
of the esophagus are mainly derived from the cells lo-
cated in the vagal neural crests, a neuroectodermal re-
gion described around somites 1–7 (33). The neural 
crest cells (NCC) enter the foregut at around the fourth 
week in human embryos (34), and they populate the pri-
mordium of the digestive tube in a rostro-caudal direc-
tion. The colonization of the digestive tube is complete 
by week 7 (35) in the human embryo. In order to form 
a mature enteric nervous system (ENS), the progenitors 
from the neural crest cells need to colonize the entire 
length of the digestive tube in a uniform fashion. The 
migration of the neural precursors is believed to be trig-
gered by chemoattractant effect of glial-cell line derived 
neurotrophic factor (GDNF) (36,37). Mutations at the 
level of specifi c genes coding for factors such as Edn-3 
(endothelin 3), NTRN (neurturin), or receptors such as 
EDNRB (endothelin receptor type B) have been shown 
to impair the neural precursor migration and to have 
clinical consequences such as Hirschsprung’s disease 
(38). After colonization, the relatively small pool of neu-
ral progenitors from the foregut will proliferate to gen-
erate the millions of enteric neurons and glia present in 
the mature human esophagus. 
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 The differentiation of the neural progenitors into 
mature neurons and glial cells begins to appear at around 
week 7 in the human embryo, as indicated by immu-
noreactivity for specifi c markers PGP9.5 and S100 (39) 
(Figure 1.3). After the differentiation, during the seventh 
week, the neurons start to coalesce and to form small 
ganglion plexuses in the myenteric space. The submuco-
sal plexus has been shown to form from the myenteric 
plexus through a centripetal, inward migration process, 
in the inner side of the nascent smooth muscle circular 
layer (32). The myenteric plexus acquires cholinesterase 
activity at week 9.5 and is fully differentiated by 13th 
week. Formation of the submucosal plexus follows the 
myenteric one with 2–3 weeks (40) and is controlled 
by netrins, members of the family of laminin-related 
 proteins. This is demonstrated with the migration of the 
neural crest-derived cells toward the mucosal cells that 
express netrin receptors, a process enhanced by netrin-1 
 molecules (41). The role of the intrinsic plexuses is 
mainly to control the esophageal peristalsis.   

 Esophageal peristalsis occurs as early as the fi rst 
trimester of fetal life (42). High-frequency transducer 
ultrasonography has shown three different esophageal 
motility patterns in the second trimester (Figure 1.4): 
(a) simultaneous opening of the esophageal lumen from 
the oropharynx to the lower esophageal sphincter, (b) 
segmental, propulsive peristaltic contractions, (c) refl ux-
like peristalsis (43). At birth, the esophageal peristalsis is 
not fully matured yet, resulting in frequent regurgitation 
of food in infants.    

 The extrinsic parasympathetic innervation of the 
esophagus is supplied by the vagus nerve for the entire 
length of the esophagus. In the upper part, the recurrent 
laryngeal nerve supplies the somatic motor activity. This 

innervation can be explained by the origins in the pha-
ryngeal arches of the upper part of the esophagus. 

 The vagus nerve is derived also from the neural 
vagal crests. The development of the vagal innervation 
at the esophageal levels can be traced using immuno-
histochemical techniques. Fibers arriving from nodose 
ganglia and medulla have been identifi ed to populate the 
esophageal murine wall in day 12. The vagal branches 
populate the esophagus before the process of muscular 
transdifferentiation takes place (44). Similarly, in the 
human embryo, branches of the vagus nerve are found 
around the circular muscular layers at the beginning of 
the sixth week, before the process of muscular transdif-
ferentiation takes place (14). 

 Formation of the neuromuscular connections be-
tween the vagus nerve and the esophageal muscular lay-
ers is a process that follows a specifi c spatiotemporal 
sequence (45). Diffusely spread acetylcholine (Ach) re-
ceptors arise around day 15 and eventually form clus-
ters before the vagal branches reach the esophageal wall. 
The fi rst nerve fi bers to contact the Ach receptors are 
the vagal fi bers, followed shortly by the enteric nerve 
terminals. This innervation process is completed in day 
4 and day 10 postnatal in the mouse. As in the major-
ity of the developmental processes, the neuromuscular 
junction formation takes place as well in a craniocaudal 
sequence. 

 The interstitial cells of Cajal (ICC) mediate the in-
teraction between the nerve fi bers and the muscles. These 
cells are spread in the muscular layers of the GI tract, 
from the esophagus down to the internal anal sphincter, 
and act as pacemakers to control the myogenic activity, 
mediating or amplifying the effects of motor neurons on 
the smooth muscle apparatus (46). 

FIGURE 1.3

Immunohistochemical analysis of the spatiotemporal de-
velopment of the enteric and submucosal plexuses of the 
human fetal foregut in weeks 9 (left) and 12 (right). The 
regions marked with a square are magnified in the nether 
side of the images. The arrowheads indicate neurons form-
ing the submucosal plexus and the simple arrows represent 
single neurons and glia from the foregut wall. The scale bars 
indicate a depth of 100 μm.

FIGURE 1.4

Series of ultrasound images demonstrating the peristalsis in 
the esophageal fetus with the passage of a fluid bolus. (Re-
produced with the permission from John Wiley and Sons)
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 Developmentally, ICC are non-neuronal in origin 
and their differentiation starts around week 7, when 
they emerge from the mesenchymal layer. The matura-
tion of ICC takes place between weeks 7 and 20, when 
they form plexuses in the esophageal wall (39). Develop-
ment of ICC seems to be independent from the neural 
crest lineage. Several studies, using c-kit gene products 
to identify ICC, demonstrate that the differentiation of 
these cells is normal in aneural chick gut (47). 

 Development of the Esophageal 
Vascularization 

 The esophagus is supplied by thyroidal, bronchic, in-
tercostals, and direct aortic esophageal branches. In the 
very early stages, the blood vessels form from the meso-
derm of the yolk sac at the beginning of the third week 
(7). Partially, the vasculature of the esophagus is derived 
from the 5 and 6 aortic arches. The vascular structures 
deriving from the aortic arch enter the submucosa dur-
ing the seventh week. 

 Lumen 

 The lumen of the esophagus changes during its devel-
opment in parallel with the structural modifi cation of 
the epithelial and muscular structures. In the very early 
stages, the esophageal lumen is round, but during the 
fi fth week, it becomes fl attened dorsoventrally. Between 
the 7th and 10th weeks, the lumen is partially obstructed 
in human embryos and because of the craniocaudal ap-
pearance of the four longitudinal folds, the esophagus 
assumes a Greek cross shape. The lumen becomes free 
again during the 10th week. 

 DEVELOPMENTAL ABNORMALITIES AND 
CLINICAL IMPLICATIONS 

 Tracheoesophageal fi stula and esophageal atresia are 
the most frequent congenital esophageal abnormalities. 
These two conditions will be discussed together because 
they usually appear associated. 

  Tracheoesophageal fi stula  results from defects in 
the separation of the respiratory tract from the foregut 
by two mechanisms: arrest of the cranial growth of the 
septum that separates the esophagus and trachea or fail-
ure of fusion of the lateral ridges of the septum. In the 
later situation, only a simple TE fi stula will usually be 
evident without esophageal atresia. 

  Esophageal atresia  may result from failure of the 
primitive gut to recanalize during week 10. Five types of 
congenital esophageal atresia (Figure 1.5) with or without 
tracheoesophageal fi stula have been documented (48): 

 Type A—esophageal atresia with distal tracheoesoph-
ageal fi stula (88.7%) 
 Type B—esophageal atresia alone (6.7%) 
 Type C—tracheoesophageal fi stula without esophageal 
atresia (3.5%) 
 Type D—esophageal atresia with proximal tracheo-
esophageal fi stula (0.5%) 
 Type E—esophageal atresia with proximal and distal 
tracheoesophageal fi stula (0.5%).   

 Esophageal atresia with tracheoesophageal fi s-
tula occurs in 1 in 3,000 to 1 in 5,000 births. In 93% 
cases of esophageal atresia, there are associated mal-
formations such as VACTERL syndrome, a condition 
presenting with multiple associated structural abnor-
malities: vertebral, anorectal, cardiac, tracheal, esopha-
geal, renal, and limb. In type A, the upper esophagus 
ends in a blind pouch, and the trachea communicates 
with the distal esophagus, usually at the level of the ca-
rina. Air enters the GI tract via the tracheoesophageal 
fi stula, and the newborn presents clinically with a gas-
fi lled abdomen and frequent aspiration pneumonias 
due to gastric refl ux into the respiratory tract through 
the fi stula. 

  Congenital esophageal stenosis  presents as a nar-
rowing of the lumen at any level of the esophagus, but it 
usually occurs in the distal third and is associated with 
other anomalies, the most common being the esophageal 
atresia and TE fi stula (49). It is a rare anomaly, occur-
ring in 1 in every 25,000 live births. 

 Esophageal stenosis may be produced by: (a) in-
complete recanalization of the lumen during week 10 
(7); (b) an incomplete separation of the lung bud from 

•

•
•

•

•

FIGURE 1.5

Variations of esophageal atresia and /or tracheoesophageal 
fistula.
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the primitive foregut; (c) fi bromuscular hypertrophy as-
sociated with impaired function of the myenteric plexus; 
(d) persistence of mucous remnants. 

 The persistence of mucous remnants related to 
esophageal stenosis presents as: 

 1.  Rings (Schatzki’s ring) in the distal part of the esopha-
gus. Esophageal rings may result as a consequence of 
an incomplete vacuolization during week 10 and can 
be associated also with immunologic (50) or infl am-
matory conditions such as scleroderma (51). These 
circular structures are composed of muscosa, submu-
cosa, and sometimes of muscular tissue. 

 2.  Webs in the proximal and mid-esophagus, present-
ing as eccentric transverse membranes possible re-
sulting from an incomplete vacuolization during the 
10th week. The webs can be associated with iron-
 defi ciency anemia (Plummer-Vinson syndrome) or 
gastroesophageal refl ux disease (GERD) (52). 

 In some cases, the stenotic esophageal walls con-
tain tracheobronchial remnants such as respiratory epi-
thelium or hyaline cartilage, which indicate associated 
abnormalities of lineage. 

  Esophageal duplication  is a rare condition occur-
ring in 1 in 8,000 live births. They present as cystic or 
tubular, resulting as an abnormality of the epithelial, 
submucosal, or muscular layers. The structures resulting 

in duplication of only the epithelium of the foregut will 
generate the true cystic structures (Figure 1.6), which do 
not communicate with the luminal space. These struc-
tures can be lined with different types of epithelium, such 
as squamous, cuboidal, or pseudostratifi ed and gastric 
mucosa, and can present with intracystic hemorrhages. 
This subtype of duplication is usually present in the pos-
terior mediastinum and may complicate sometimes with 
rupture (53).   

 Another type of duplication is a consequence of 
development abnormalities of the submucosa or of 
the muscular layers. These are tubular structures, par-
alleling and communicating with the true esophageal 
lumen at both ends. They are less common than the cys-
tic ones and they can sometimes become complicated 
with esophageal tumors (54) or with a foreign body 
producing local infl ammation (55). Duplications of the 
esophagus can be associated with vertebral anomalies 
and intraspinal cysts and often are associated with intra-
abdominal intestinal duplications (55). These structures 
may be generated by an abnormal fusion of the longitu-
dinal mucosal folds (14). 

  Short esophagus  results from the failure of the 
esophagus to lengthen in the caudal direction. True 
congenital short esophagus is a very rare condition and 
should be differentiated from the acquired hiatal her-
nia. Even if, clinically, these conditions are almost in-
distinguishable, they can be differentiated anatomically 

FIGURE 1.6

Esophageal duplication cyst. A. Barium esophagogram shows extrinsic compression of the wall of the esophagus (arrows). 
B. Endoscopic ultrasonographic image shows the distortion of the esophageal wall created by the hypoechoic cyst (C) and the 
cyst relationship to the other hypoechoic areas created by the aorta (A), azygos vein (a) and spine (S).



10 I • BIOLOGY

through their embryology development. In the acquired 
hiatal hernia, stomach vessels and protruding peritoneal 
sac may be seen in the thoracic cavity as a consequence 
of ascension of the stomach through a dilated diaphrag-
matic hiatus. The peritoneal sac is not protruded in the 
thoracic cavity with the true short esophagus. 

  Diverticuli  are outpouchings of the esophagus lo-
cated in the proximal, thoracic, or lower regions (56). 
Congenital true diverticuli with embryologic origins are 
exceedingly rarely documented (24). The biggest majority 
of esophageal diverticuli are not congenital but acquired 
because of the pulsion (i.e., Zencker’s diverticulum). 
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s providers who care for patients 
with esophageal tumors, it is criti-
cal that we have a thorough under-
standing of the surgical anatomy, 
anatomic relationships, and histol-

ogy of the esophagus. This understanding must include 
all disciplines (surgeons, radiation oncologists, on-
cologists, interventional radiologists, dieticians), as the 
esophagus possesses unique anatomic qualities, which 
have profound implications for the diagnosis, treatment, 
and palliation of patients with esophageal malignancy. 
This chapter details esophageal anatomy and places its 
principal components into clinical context. 

 ANATOMIC LANDMARKS 

 The esophagus is a fl attened muscular tube of 18 to 
26 cm in length, from the upper sphincter to the lower 
sphincter, connecting the pharynx to the stomach. The 
esophagus starts at approximately 18 cm from the inci-
sors at the pharyngoesophageal junction (C5–6 vertebral 
interspace at the inferior border of the cricoid cartilage) 
and descends anteriorly to the vertebral column span-
ning the superior and then the posterior mediastinum (1). 
After traversing the diaphragm at the diaphragmatic hia-
tus (T10 vertebral level), the esophagus extends through 
the gastroesophageal junction to end at the orifi ce of the 

cardia of the stomach (T11 vertebral level). Topographi-
cally, there are three distinct regions: cervical, thoracic, 
and abdominal. 

 The cervical esophagus extends from the pharyn-
goesophageal junction (C5–C6) to the suprasternal 
notch (T1) and is about 4 to 5 cm long. At this level, 
the esophagus is bordered anteriorly by the trachea, 
posteriorly by the vertebral column, and laterally by 
the carotid sheaths and the thyroid gland. The cervi-
cal esophagus is particularly vulnerable because of the 
lack of protective sheath between this structure and the 
membranous trachea that lies in very close proximity. 
During the surgery, special care is taken not to injure the 
trachea when developing the plane of dissection between 
the two structures (2). Periesophageal infl ammation and 
tumoral invasion may predispose the membranous tra-
chea to surgical injuries. 

 The thoracic esophagus extends from the supra-
sternal notch (T1) to the diaphragmatic hiatus (T10), 
passing posterior to the trachea, the tracheal bifurcation 
(T4), and the left main stem bronchus. The esophagus 
lies posterior and to the right of the aortic arch at the T4 
vertebral level. From the level of T8 until the diaphrag-
matic hiatus, the esophagus lies anteriorly and medial to 
the aorta (3). The lower part of the thoracic esophagus 
runs anteriorly to the left atrium, which is the most pos-
terior among all 4 chambers of the heart. This anatomic 
location may have important clinical outcomes. In mitral 

 A
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stenosis, the dilation of the left atrium can be seen on 
the barium series as an impression on the esophagus. In 
advanced stages of mitral stenosis, the esophagus may 
become obstructed, resulting in dysphagia. In this region 
also, the esophagus runs between the aorta and the left 
main bronchus, forming the broncho-aortic constriction 
known also as thoracic constriction. This constricted re-
gion is a common area for pill-induced strictures. 

 The anatomic relation of this esophageal region 
with the nearby structures is of relevant clinical interest. 
The esophageal location within defi ned fascial compart-
ments allows infections from the anterior esophageal 
wall to spread easily via the peritracheal space down 
to the pericardium. Noninstrumental or spontaneous 
perforation of the esophagus (Boerhaave’s syndrome) 
or leakage from the esophageal anastomosis can lead to 
necrotizing mediastinitis with rapid and disastrous dis-
semination of the sepsis and high mortality (2). 

 The abdominal esophagus is very short and ex-
tends from the diaphragmatic hiatus (T10) to the ori-
fi ce of the cardia of the stomach (T11). The base of the 
esophagus transitions into the cardia sphincter of the 
stomach, forming a truncated cone of around 1 cm in 
length. The abdominal esophagus lies in the esophageal 
groove on the posterior surface of the left lobe of the 
liver. The anatomic relation of the esophagus with the 
diaphragmatic hiatus is also clinically important. With 
advancing age, the phrenoesophageal membrane, which 
has an anchoring role at the distal part of the esopha-
gus, loses its elasticity because the elastic fi bers in its 
structure are replaced by inelastic collagenous fi brous 
elements (4). The loss of elasticity in conjunction with 
a wide diaphragmatic hiatus results in herniation of the 
gastroesophageal junction (GEJ) and of the cardia into 
the thorax. 

 In the resting state, the esophagus is collapsed in 
the upper and middle parts and rounded in the lower 
portion (2). When the alimentary bolus passes through, 
the esophagus can distend to approximately 2 cm in the 
anteroposterior axis and 3 cm in the left-right axis. 

 In the course of the esophagus, three minor curva-
tions are present. The fi rst one, in the upper part, is from 
the median position toward the medial left. At the level 
of the T7, the esophagus shifts slightly to the right of 
the spine. The third angulation and the most important 
one is at the GEJ, where the esophagus shifts briskly to 
the left. 

 MUSCULAR LAYERS OF 
THE ESOPHAGUS 

 The muscular coat consists of an external layer of longi-
tudinal fi bers and an internal layer of circular fi bers (Fig-
ure 2.1). The longitudinal fi bers are arranged proximally 

in 3 fasciculi. The ventral fasciculus is attached to the 
vertical ridge on the posterior surface of the lamina of 
the cricoid cartilage by the tendocricoesophageus. The 
two lateral fasciculi are continuous with the muscular 
fi bers of the pharynx. The longitudinal fi bers descend in 
the esophagus and combine to form a uniform layer that 
covers the outer surface of the esophagus.    

 The circular muscle layer provides the sequential 
peristaltic contraction that propels food toward the 
stomach. The circular fi bers are continuous with the 
inferior constrictor muscle of the hypopharynx; they 
run transverse at the cranial and caudal regions of the 
esophagus, but oblique in the body of the esophagus. 
The internal muscular layer is thicker than the external 
muscular layer. Below the diaphragm, the internal cir-
cular muscle layer thickens and the fi bers become semi-
circular and interconnected, constituting the intrinsic 
component of the lower esophageal sphincter (LES). 

 Accessory bands of muscle connect the esophagus 
and the left pleura to the root of the left bronchus and 
the posterior of the pericardium. The muscular fi bers 
in the cranial part of the esophagus are red and consist 
chiefl y of striated muscle; the intermediate part is mixed; 
and the lower part, with rare exceptions, contains only 
smooth muscle. 

 The backfl ow of food and acidic gastric content is 
prevented at the level of two high-pressure regions: the 
upper and the lower esophageal sphincter. These func-
tional zones are located at the upper and lower ends of 
the esophagus, but there is not a clear anatomic demar-
cation of the limits of the sphincters. 

 The upper esophageal sphincter (UES) is a high-
pressure zone situated between the pharynx and the 
cervical esophagus (Figure 2.2). The UES is a musculo-
cartilaginous structure composed of the posterior surface 
of the thyroid and cricoid cartilage, the hyoid bone, and 
three muscles: cricopharyngeus, thyropharyngeus, and 
cranial cervical esophagus. Each muscle plays a differ-
ent role in UES function (5). These three muscles spread 
upward, posteriorly, where they insert into the esopha-
geal submucosa after crossing the muscle bundles of the 
opposite side. The thyropharyngeus muscle is obliquely 
oriented, whereas the cricopharyngeus muscle is trans-
versely oriented. Between these two muscles, there is a 
zone of sparse musculature—the Killian’s triangle, of 
high clinical signifi cance. Because of the low resistance, 
this region is prone to develop a false diverticulum 
named Zenker’s diverticulum (6) formed only from the 
mucosa and submucosa.  

 The cricopharyngeus (CP) muscle is a striated mus-
cle attached to the cricoid cartilage. It forms a  C -shaped 
muscular band that produces maximum tension in the 
anteroposterior direction and less tension in the lateral 
direction (7). Structurally and mechanically, the CP is dif-
ferent from the surrounding pharyngeal and esophageal 
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muscles. It is composed of a mixture of fast- and slow-
twitch fi bers, with the slow fi bers being predominant and 
having a diameter of 25 to 35 µm (8). The CP is sus-
pended between the cricoid (2) processes, surrounds the 
narrowest part of pharynx, and extends caudally where 
it blends with the circular muscle of the cervical esopha-
gus. The CP can be seen as an indenting band with pal-
pable boundaries during surgery. 

 Function of the UES is controlled by a variety of re-
fl exes that involve afferent inputs to the motor neurons 
innervating the sphincter. These refl exes elicit either con-
traction or relaxation of the tonic activity of the UES. 
Inability of the sphincter to open or discoordination of 
timing between the opening of the UES with the pharyn-
geal push of ingested contents leads to diffi culty in swal-
lowing known as oropharyngeal dysphagia (5). 

FIGURE 2.1

Muscular layers of the esophagus.
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 The cervical esophagus contains predominantly 
striated muscle fi bers and occasionally smooth fi bers 
(5). Approximately 4 cm of the proximal end is com-
posed exclusively of striated fi bers. Between 4 and 12 
cm, a mixture of smooth and striated muscle exits, and 
beginning with the lower border of the cricopharyngeus, 
only smooth muscle can be seen (1). The muscle fi bers 
are arranged in two layers: the external layer, containing 
longitudinal arranged fi bers, and the internal layer, con-
taining circular or transversely arranged fi bers. 

 The external longitudinal layer of the cervi-
cal esophagus originates from the dorsal plane of the 

 cricoid cartilage and because of their lateral and caudal 
course, they delimit a weak space, called the Laimer’s 
triangle, which is prone to developing a rare type of di-
verticulum (9). The external longitudinal layer courses 
down the length of the entire esophagus. At its distal 
end, the longitudinal fi bers become more oblique and 
end along the anterior and posterior gastric wall (10). 
The internal circular layer of muscle originates at the 
level of cricoid cartilage and, while descending, forms 
incomplete circles (10). 

 The lower esophageal sphincter is a high-pressure 
zone located where the esophagus merges with the  stomach 

FIGURE 2.2

Anatomic structures of the pharyngoesophageal junction.

1

  1  Sella turcica
  2  Internal acoustic meatus and petrous
      part of temporal bone
  3  Pharyngobasilar fascia
  4  Fibrous raphe of pharynx
  5  Stylopharyngeal muscle
  6  Superior constrictor muscle of
      pharynx
  7  Posterior belly of digastric muscle
  8  Stylohyoid muscle
  9  Middle constrictor muscle of pharynx
10  Inferior constrictor muscle of pharynx
11  Muscle-free area (Killian’s triangle)
12  Esophagus
13  Trachea
14  Thyroid and parathyroid glands
15  Medial pterygoid muscle
16  Greater horn of hyoid bone
17  Internal jugular vein
18  Parotid gland
19  Accessory nerve
20  Superior cervical ganglion of
      sympathetic trunk
21  Vagus nerve
22  Laimer’s triangle (area prone
      to developing diverticula)
23  Orbicularis oculi muscle
24  Nasal muscle
25  Levator labii superioris and levator
      labii alaeque nasi muscles
26  Levator anguli oris muscle
27  Orbicularis oris muscle
28  Buccinator muscle
29  Depressor labii inferioris muscle
30  Hyoglossus muscle
31  Thyrohyoid muscle
32  Thyroid cartilage
33  Cricothyroid muscle
34  Pterygomandibular raphe
35  Tensor veli palatini muscle
36  Levator veli palatini muscle
37  Depressor anguli oris muscle
38  Mentalis muscle
39  Styloglossus muscle
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Muscles of the pharynx (posterior aspect).
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(Figure 2.3). The LES is a functional unit composed of an 
intrinsic and an extrinsic component. The intrinsic struc-
ture of LES consists of esophageal muscle fi bers and is 
under neurohormonal infl uence. The extrinsic compo-
nent consists of the diaphragm muscle, which functions 
as an adjunctive external sphincter that raises the pressure 
in the terminal esophagus related to the movements of 
respiration. Malfunction in any of these two components 

can cause of gastroesophageal refl ux and its subsequent 
symptoms and mucosal changes (11).   

 The intrinsic component of the LES is composed 
of circular layers of the esophagus, clasp-like semicircu-
lar smooth muscle fi bers on the right side, and sling-like 
oblique gastric muscle fi bers on the left side (12). The 
circular muscles of the LES are thicker than the adja-
cent esophagus. The clasp-like semicircular fi bers have 

FIGURE 2.3

Anatomic structures of the gastroesophageal junction.
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signifi cant myogenic tone but are not very responsive to 
cholinergic stimulation, whereas the sling-like oblique 
gastric fi bers have little resting tone but contract vigor-
ously to cholinergic stimulation (12). 

 The extrinsic component of the LES is composed of 
the crural diaphragm, which forms the esophageal hia-
tus, and represents a channel through which the esoph-
agus enters into the abdomen. The crural diaphragm 
encircles the proximal 2 to 4 cm of the LES and deter-
mines inspiratory spike-like increases in LES pressure, as 
measured by esophageal manometry (13). 

 HISTOLOGIC ASPECTS 

 Macroscopically during endoscopy, the esophageal lumen 
appears as a smooth, pale pink tube with visible submu-
cosal blood vessels. The transition from esophageal to 
gastric mucosa is known as the Z-line and consists of an 
irregular circumferential line between two areas of differ-
ent colored mucosa. The distal gastric mucosa is darker 
than the more proximal pale pink esophageal mucosa. 

 Microscopically, the esophageal wall is composed 
of 4 layers: internal mucosa, submucosa, muscularis 
propria, and adventitia. Unlike the remainder of the gas-
trointenstinal (GI) tract, the esophagus has no serosa. 
This allows esophageal tumors to spread more easily and 
makes them harder to treat surgically (14). The missing 
serosal layer also makes luminal disruptions more chal-
lenging to repair. 

 Mucosa 

 The mucosa is thick and reddish cranially and more pale 
caudally. It is arranged in longitudinal folds that disap-
pear upon distention. It consists of three sublayers. 

 The fi rst sublayer is the mucous membrane: a non-
keratinized squamous epithelium. It covers the entire 
inner surface of the esophagus, and at the LES level, it 
may coexist with the columnar, gastric type epithelium. 
The mucous membrane is composed of stratum basale, 
stratum intermedium, and stratum superfi cialis. 

 Stratum basale (10%–15% of the epithelium) 
contains cuboidal basophilic cells, low in glycogen, at-
tached to the basement membrane by hemidesmosomes. 
These cells can divide and replenish the superfi cial lay-
ers. In 25% of the normal population, the stratum ba-
sale contains argyrophilic-positive endocrine cells and 
in 4% of the normal subjects, it contains melanocytes 
(15). The melanocytes from this region account for the 
occurrence of primary melanoma of the esophagus (16), 
while the argyrophilic-positive endocrine cells are the 
potential progenitors of the esophageal small cell car-
cinoma (15). 

 Stratum intermedium and stratum superfi cialis are 
composed of cells derived from the basal stratum that 
become more fl attened with pyknotic nuclei. These cells 
may present processes and desmosomal junctions that 
become fewer and more simplifi ed superfi cially (17). 
Compared with the basal cells, the cells in the stratum 
intermedium and superfi cialis are rich in glycogen (18). 

 The second sublayer forming the mucosa is repre-
sented by lamina propria, a thin connective tissue struc-
ture containing vascular structures and mucous secreting 
glands. 

 The third sublayer of the mucosa is muscularis mu-
cosa. This is a thin layer of longitudinally, irregularly 
arranged smooth muscle fi bers and delicate elastic fi bers 
(19). The muscularis mucosa extends through the entire 
esophagus and continues into the rest of the GI tract, 
being much thinner in the proximal part of the esopha-
gus than in its distal part (20) (see Figure 2.4). At the 
pharyngeal end of the esophagus, the muscularis mucosa 
is represented by a few scattered smooth muscle fi bers. 
Caudally, approaching the cardiac orifi ce, the muscula-
ris mucosa forms a thick layer, so thick that sometimes it 
may be confused with the muscularis propria on biopsy 
specimens (18). The muscularis mucosa separates the 
lamina propria from the submucosa and retracts when it 
is sectioned during surgical procedures.  

 Submucosa 

 The submucosa contains loose connective tissue, as well as 
lymphocytes, plasma cells, nerve cells (Meissner’s plexus), 

FIGURE 2.4

Histologic specimen of the distal esophagus. The mucosal 
layer of the gastroesophageal junction is characterized by 
a muscularis mucosae that is thicker than the muscularis 
mucosae of the more proximal esophagus. Note also the 
esophageal cardial-type gland situated above the muscularis 
mucosae. (Printed with permission from Histology for Pa-
thologists, Stephen S. Sternberg, 1992, Raven Press Ltd.)
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a vascular network (Heller’s plexus), and submucosal 
glands. The esophageal submucosal glands are consid-
ered to be a continuation of the glands in the orophar-
ynx. They are small racemose glands (18) of the mucous 
type more concentrated in the upper and lower regions. 
Their secretion is important in esophageal clearance and 
tissue resistance to acid (21). The post-obstructive infl am-
mation of the glandular ducts can result in intramucosal 
pseudodiverticulosis (22). 

 Muscularis Propria 

 The muscularis propria is responsible for motor func-
tion. The upper 5% to 33% is composed exclusively of 
striated type of muscle, and the distal 33% is composed 
of smooth muscle. In between there is a mixture of both, 
called the transition zone. Functionally the transition 
zone can be observed with manometry as a region where 
there is no signifi cant contraction amplitude during a 
peristaltic contraction that travels down the body of 
the esophagus (23). Despite the presence of two differ-
ent muscle types, they function as a whole unit. Between 
the longitudinal and circular muscular layers, at this 
level, Auerbach’s plexus is found. Different pathologic 
conditions usually affect only one muscular layer, as in 
sclerodema and achalasia when only the circular layer is 
involved (18). 

 Adventitia 

 The adventitia is an external fi brous layer that covers the 
esophagus, connecting it with neighboring structures. 
It is composed of loose connective tissue and contains 
small vessels, lymphatic channels, and nerve fi bers pro-
viding a support role. The esophagus does not have a 
serosal layer except under the diaphragm level where it 
is formed by the peritoneum (19). 

 VASCULARIZATION 

 Arteries 

 The rich arterial supply of the esophagus is segmental 
(Figure 2.5). The cervical esophagus is supplied with 
branches of the left and right superior and inferior thy-
roid arteries. These branches travel anteriorly towards 
the lateral aspect of the esophagus and they anastomose 
on the anterior and posterior esophageal walls. Rarely, 
the cervical esophagus can be vascularized with branches 
originating from thyroideaima artery, common carotid 
arteries, and subclavian arteries.  

 The thoracic esophagus is supplied by paired 
esophageal branches from the tracheobronchic arteries. 

The later ones emerge from the caudal aspect of the aor-
tic arch and are 1 to 2.5 mm in diameter. They course 
anteriorly and give off branches to the trachea and 
esophagus. This region of the esophagus is also supplied 
by unpaired esophageal branches of about 1.5 to 2 mm 
that arise at variable locations directly from the anterior 
wall of the aorta and that travel to the posterior aspect 
of the esophageal wall (10). 

 The intra-abdominal esophagus is supplied with 
branches from the left gastric artery. These vessels travel 
upward on the anterior aspect of the cardia, and they 
give off periesophageal tributaries before entering in the 
muscular wall (2). The posterior aspect of the abdominal 
esophagus is supplied by branches of the fundal arteries 
derived from the splenic artery. 

 The esophagus vascular system is mainly formed 
from branches of arteries that supply some other organs, 
but a dedicated vasculature to the esophagus is less de-
veloped. The vessels dip in the esophageal wall creating 
a network in the submucosa and mucosa, offering an 
“excellent blood supply” (24). 

 The vasculature of the esophagus determines a 
number of surgical particularities. During the pull-
through esophagectomy without thoracotomy for excis-
ing cancer or tumors, the blood loss is moderate, making 
this procedure relatively safe (25,26). Usually if bleeding 
occurs it is a consequence of the intratumoral or tumoral 
adhesions hemorrhage. 

 Veins 

 The venous system of the esophagus has two main divi-
sions: the intrinsic division, located in the submucosa, 
and the extrinsic division, located outside the esophagus 
(see Figure 2.6). The extrinsic division drains blood into 
larger blood vessels.   

 The intrinsic venous system is composed of a paral-
lel network located in the esophageal submucosa cours-
ing the whole length of the esophagus (27). Kitano and 
colleagues (28) described in detail the intrinsic venous 
system in the lower part of the esophagus, close to the 
GEJ (Figure 2.7). Using resin casting, this group iden-
tifi ed 4 distinct layers forming the intrinsic esophageal 
venous plexus: (a) intraepithelial channels, running cen-
trifugally from the epithelium and draining in the su-
perfi cial venous plexus with a mean diameter of 0.043 
mm, (b) superfi cial venous plexus located in the mucosa, 
right below the epithelium, and continuing with a simi-
lar plexus at the gastric level (mean diameter = 0.188 
mm), (c) deep intrinsic veins, having a higher caliber 
and draining the blood from the superfi cial venous 
plexus (mean diameter = 0.442), (d) Adventitial veins, 
located more peripherally in the adventitia and also hav-
ing a higher caliber (mean diameter = 0.452 mm). The 
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(from aorta)

Esophageal branches
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Fig. 231: Diagram of the Arterial Blood Supply
of the Esophagus
NOTE: 1) because the esophagus is an elongated organ
     extending from the neck to the abdomen, it receives
     arterial blood from at least three sources:

         a) in the neck: most frequently from the inferior
thyroid branch of the thyrocervical trunk, but it
may also come directly from the subclavian, or
vertebral arteries or from the costocervical trunk,
         b) in the thorax; multiple esophageal branches
that come directly from the aorta,
         c) in the abdomen: from the inferior phrenic
artery or the left gastric artery.
    2) these vessels anastomose with each other in
the substance of the esophagus.

 adventitial veins collect the blood from the deep intrinsic 
veins through perforating veins that span the muscularis 
propria layer.    

 The intrinsic esophageal plexus is of a particular 
clinical interest because it makes the connection between 
the portal and the caval venous systems, both of which 
are highly involved in the pathology of the esophageal 
varices. The esophageal varices occur mainly in condi-
tions that complicate with portal hypertension, such as 
cirrhosis, schistosomiasis, portal vein thrombosis, and 
that rarely occur in the absence of portal hypertension 
(i.e., superior vena cava) (29). 

 The patients with portal hypertension present a 
specifi c anatomic pathology. The main changes appear 
at the level of the deep venous layer that transform into 

tortuous variceal structures (28). Esophageal varices 
that form as a backfl ow pressure accumulation may fre-
quently bleed when the intravenous pressure passes over 
12 mmHg (30). 

 The extrinsic venous system of the esophagus drains 
in large vessels: The upper esophagus blood drains in 
azygos and hemiazygos veins, the mid and low esopha-
gus drain in tributaries of the portal system such as left 
gastric vein or splenic vein. 

 Of high surgical interest, the tumors originating in 
the mid-esophagus have a high propensity to invade the 
azygos vein. If the tumor presents with adhesions, there 
is a signifi cant chance that during surgical maneuvers 
such as blunt pull-through dissection, the azygos vein 
can be damaged, causing fatal bleeding (2). 

FIGURE 2.5

Arterial system of the esophagus.
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 Lymphatic System of the Esophagus 

 Lymphatic drainage in the esophagus consists of two 
systems: the lymph channels and lymph nodules (Fig-
ure 2.8).   

 The lymph channels begin in the esophageal tissue 
space as a network of endothelial channels (20–30 µm) or as 
blind endothelial sacculations (40–60 µm) (31) (Figure 2.9). 
The location of the lymphatic capillary origin is not 

FIGURE 2.6

Venous system of the esophagus.
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known precisely. Some authors propose that precapillary 
spaces exist in the lamina mucosa, but others contend 
that there is an absence of true lymphatic capillaries in 
the upper and middle levels of the lamina mucosa (32). 
Electron microscopic studies show anastomotic lymph 
capillaries in the lower mucosal levels and small lym-
phatic vessels in the submucosa.    

 From this level fl uid, colloid material, cell debris, mi-
croorganisms, and sometimes tumor cells are taken and 
drained into collecting lymph channels (100–200 µm) 
that continue through the esophageal muscular coat and 
are distributed parallel to the long axis of the esophagus. 
Paired semilunar valves within the collecting channels de-
termine the direction of fl ow. The collecting lymph chan-
nels merge into small trunks that open into the regional 
lymph nodes. 

 The lymphatic drainage of the esophagus differs 
in the anatomic regions of the esophagus. Lymphatic 
fl ow patterns can predict potential regions of tumoral 
invasion. The lymphatics from the proximal third of 
the esophagus drain into the deep cervical lymph nodes 
(fi rst station) and afterward in the thoracic duct. Some 
studies show that carcinoma of the cervical esophagus 
may involve the paratracheal lymph nodes as well (33). 
The lymphatics from the middle third of the esophagus 
drain into the superior and inferior mediastinal lymph 
nodes. Fujita et al. reported that the right paracardiac, 
periesophageal, and lesser curvature nodes were the 
most frequent involved in the thoracic esophageal can-
cer (34). Another study (35) found consistently that ex-
tramural lymphatic vessels from the middle and lower 
part of the esophagus drain into bifurcational nodes. 
The lower third of the esophagus drains into lymphatic 
vessels that follow the course of the left gastric artery 
and ultimately reach the gastric and celiac lymph nodes. 
Saito and colleagues (35) reported a high variability re-
garding the patterns of drainage, and a very rigorous 
structured description is challenging. Traditionally, the 
lymph that forms above the tracheal bifurcation was 

thought to drain into the thoracic duct (2) (Figure 2.10), 
while the lymph originating under the bifurcation was 
believed to drain in through the celiac and gastric lymph 
nodes directly in the cisterna chyli. The region around 
the bifurcation may present with a bidirectional lymph 
fl ow, which would explain how the lymph nodes located 
superiorly to carina can be invaded by tumors originat-
ing in the lower esophageal third. In pathological condi-
tions such as tumor invasion, blockage of the lymphatic 
ducts, or incompetence of the valves, the lymphatic fl ow 
may deviate from the normal, and collateral lymphatic 
circulation may develop (2).    

 The longitudinal lymphatic network located in the 
submucosa was thought to provide easier access than 
the penetrating channels that drain the lymph outside the 
esophagus. This anatomic particularity may explain the 
longitudinal, intramural invasion seen in the early stages 
of the esophageal tumors (36). The poor lymph network 
in the mucosa makes this region less prone for inva-
sion. Absence or small malignant lesions in the mucosa 
may be accompanied by extended submucosal tumors 
(2). The lymphatic fl ow in the longitudinal plexus of 
the esophagus may also explain the high postoperative 
recurrence because resection with the tumor-free mar-
gin does not guarantee the total removal of a tumor that 
can spread at the submucosal level (2). 

 INNERVATION OF THE ESOPHAGUS 

 The esophagus, like the rest of the viscera, receives dual 
motor and sensory innervation supplied by two divisions 
of the autonomic system: the sympathetic and parasym-
pathic systems (Figure 2.11).    

 The Sympathetic System 

 The afferent system collects the information from the 
wall of the esophagus using sensorial structures such as 
osmoreceptors, chemoreceptors, thermoreceptors, and 
mechanoreceptors (37). The afferent fi bers are dendrites 
of the unipolar neurons located in the dorsal root gan-
glion in the thoracic spine (T1–T10). These neurons will 
synapse with the preganglionic neurons located in the 
latero-intermedial grey horns from the thoracic spine. 
The axons of preganglionic neurons leave the spine on 
the ventral root, and they synapse with neurons in the 
sympathetic paravertebral chain at the same level, or they 
can travel upward or downward to synapse with neu-
rons at different levels. The axons of these neurons are 
myelinated and form the white ramicommunicantes. 

 The multipolarganglionic neurons are located in the 
sympathetic trunk, in the proximity of the spine, against 
the costal ends and posterior to the costal pleura (38). 

FIGURE 2.7

Diagram of the venous drainage of the esophagus.
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The rami emerging from the second to the fi fth ganglia 
form the posterior pulmonary plexus or the deep part 
of the cardiac plexus. These plexuses can generate small 
branches that distribute to the proximal esophagus (2). 

 The preganglionic fi bers deriving from T5 to T9 
merge and form the greater splanchnic nerve that de-
scends obliquely in the proximity of the thoracic vertebral 

bodies and perforates the ipsilateral diaphragmatic crus 
on its way to the celiac ganglion. Postganglionic fi bers 
from the celiac ganglion distribute as well to the esopha-
gus and thereby supply sympathetic innervation (38). 

 The postganglionic fi bers infl uence the activity of the 
target end organs, glands, muscles, and enteric nervous 
system. Throughout these pathways, the sympathetic 
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Lymphatic system of the esophagus.
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system generates specifi c activities such as relaxation 
of the muscular wall with depression of the peristalsis 
(38,39) and increase of the lower esophageal sphincter 
tonus (40). 

 The sensorial information from the esophageal 
wall is also transmitted ascending toward supraspinal 
and cortical centers, where it is interpreted as sensation. 
Pain, temperature, and visceroceptive information can 
be transmitted via lamina I Rexed and spinothalamic 
pathways in the ventromedial nucleus of the thalamus, 
projecting to the insular cortex (41,42). The informa-
tion is transmitted through pathways containing nu-
merous small interneurons in the laminae VII and X 
Rexed. 

 The sympathetic outfl ow of the neurons from the 
lateral horn in the spine is also controlled by  substantial 
input from multiple supraspinal structures. Using trans-
neuronal-tracing techniques with pseudorabies virus, 
identifi cation of these specifi c supraspinal structures is 
possible. After injection of the pseudorabies virus in the 

celiac and stellate ganglia, 5 regions were labeled: (a) 
ventromedial medulla, (b) rostralventrolateral medulla, 
(c) caudalraphe nuclei, (d) A5 noradrenergic cell group, 
and (e) paraventricular nucleus of the hypothalamus 
(43). 

 The Parasympathetic System 

 The parasympathetic system at the esophageal level 
is mainly represented by the fi bers of the vagus nerve. 
The sensory, afferent fi bers of the parasympathetic sys-
tem are mainly part of the vagus nerve. These fi bers are 
dendritic ends of unipolar neurons located mainly in 
the nodose (inferior) vagal ganglion and represent ap-
proximately 80% of the vagal trunk (44). The sensory 
neurons within the nodose ganglion have a topographic 
layout suggested by Collman et al. (45). Using retro-
grade immunohistochemic techniques, Neuhuber dem-
onstrated that the vagal afferents that supply mucosa 
and muscularis propria in the cervical esophagus have 
different origins. The afferent innervation of the mus-
cularis propria originates in nodose ganglion, while the 
fi bers supplying the mucosal layer originate mainly from 
petrosal and jugular ganglion (46). These observations 
are in agreement with some experiments that demon-
strate different patterns of stimulation. The vagal affer-
ents from the submucosa respond mainly to mechanical 
distention, while the afferents in the mucosa respond to 
various chemical and intralumninal stimulation (44). 
The parasympathetic afferents from the esophagus on 
their way to the sensory ganglion gather and form the 
superior laryngeal nerve (SLN). The SLN courses along 
the pharynx, posterior and medial to the internal carotid 
artery, dividing into internal and external branches. After 
piercing the inferior constrictor muscle, the internal SLN 
ascends and gives off branches supplying the sensory of 
the esophagus, especially on the left side (38). 

 The axons of the primary neurons that supply sen-
sation of the esophagus terminate in different nuclei of 
the brain stem. The vagal afferents from the proximal 
striated esophagus project in a specifi c region on the me-
dial aspect of the solitary tract called the central sub-
nucleus. The afferents from the smooth muscled part of 
the esophagus project in the vicinity of the central sub-
nucleus (47,48). 

 The striated and smooth parts of the esophagus 
are supplied with efferent fi bers of different origins. The 
nervous fi bers innervating the striated esophagus origi-
nate from the rostral part of the nucleus ambiguous (49). 
This structure is connected to the ipsilateral central sub-
nucleus of the solitary tract by medullary interneurons. 
The efferent parasympathetic fi bers going to the distal 
smooth muscled esophagus originate in the medial part 
of the dorsal nucleus, the largest parasympathetic struc-
ture in the brain stem (38). From the dorsal nucleus, the 

FIGURE 2.9

Initial lymphatic network, reconstructed from mesentery 
preparation. Most likely, this pattern is similar to that of the 
esophagus. This image was published in Esophageal Surgery, 
2nd Ed., F. Griffith Pearson, Page 15, Copyright Churchill 
Livingstone (2002).
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 efferent fi bers merge and form the main trunk of the vagus 
nerve that travels through the jugular foramen. The right 
vagus nerve courses down on the posterior aspect of the 
right bronchus and hilum and divides into anterior and 
posterior subdivision. The posterior subdivision unites 
with the sympathetic fi bers forming the right posterior 
pulmonary plexus. This plexus will generate in its cau-
dal part rami that innervate the esophagus. These rami 
join similar rami coming from the left side to form the 
anterior esophageal plexus. This plexus continues down 
along the anterior surface of the esophagus and courses 
through the diaphragmatic hiatus (38). 

 At the proximal part of the esophagus at the 
 pharyngeal-esophageal junction, the efferent innerva-
tion is supplied with fi bers from the recurrent right and 
left laryngeal nerves. These nerves originate from the 
vagus nerve curving backwards and upward around 
the subclavian artery on the right side respectively, 
around the aortic arch on the left side. In the ascend-
ing segments, these nerves travel in the groove formed 
between trachea and esophagus, and they give off 
esophageal branches that participate in the esophageal 
plexus (38). The parasympathetic efferent fi bers regu-
late the activity of the esophageal muscle by increasing 

FIGURE 2.10

Concept of lymphatic pathways. The lymphatic system of the esophagus presents a bidirec-
tional flow at the tracheal bifurcation. This feature is consistent with clinical observations. 
The knowledge of lymph flow and the corresponding lymph node distribution is essential 
in understanding potential spread of malignancy. This image was published in Esophageal 
Surgery, 2nd Ed., F. Griffith Pearson, Page 17, Copyright Churchill Livingstone (2002).
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 peristalsis, decreasing pressure in the LES, and increas-
ing secretory activity. 

 Similar to the sympathetic system, the activity of the 
parasympathetic system is tonically regulated by supra-
spinal centers, such as hypothalamus and cortical areas. 
Positron-emission tomography (PET) and functional 
Magnetic Resonance Imaging (fMRI) have been used 
to map the central nervous system projections from the 
esophagus. Esophageal stimulation at the subliminal and 

liminal levels is sensed peripherally and transmitted to 
the brain for further processing and modulation. Esoph-
ageal sensory innervation is carried by the vagus nerve to 
the nodose ganglion and projects through the brainstem, 
through the thalamus, to terminate in the cortex (45,50). 
Regions that are activated by esophageal stimulation in-
clude the secondary sensory and motor cortex,  parieto-
occipital cortex, anterior and posterior cingulate cortex, 
prefrontal cortical cortex, and the insula (51). 

FIGURE 2.11

Posterior cutaway view of the intrathoracic esophagus in anatomic position.
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 Enteric Nervous System 

 Similar to other segments of the gastrointestinal tract, 
the esophagus has its own neural systems composed 
of fl at networks in the muscular layers that form the 
 myenteric and submucous enteric plexuses (52,53). The 
thin nerve fi bers and numerous ganglia of the intramu-
ral myenteric and submucosal plexuses provide the in-
trinsic innervation of the esophagus. The ganglia that 
lie between the longitudinal and the circular layers of 
the tunica muscularis form the myenteric or Auerbach’s 
plexus, whereas those that lie in the submucosa form the 
submucous or Meissner’s plexus. In the smooth muscled 
esophagus, the neurons of the myenteric plexus relay 
between the vagus and the smooth muscle, acting as 
postganglionic neurons. From here, short motor axons 
from the ganglia penetrate and innervate the muscle 
layers (54). The two intrinsic nervous plexuses have 

different roles: Auerbach’s plexus regulates contraction 
of the outer muscle layers, whereas Meissner’s plexus 
regulates secretion and the peristaltic contractions of 
the muscularis mucosae. 

 The neuromuscular activity is regulated by cellular 
entities within the circular muscular layer of the esopha-
gus: interstitial cells of Cajal (ICC) that form gap junc-
tions with the adjacent smooth muscle cells and play a 
regulatory role in the neurotransmission. 

 The recurrent laryngeal nerves and the superior 
laryngeal nerves have a signifi cant clinical importance. 
Because of their length and specifi c location, they can be 
easily injured during the esophageal resections and goi-
ter operations. These injuries cause a variety of tempo-
rary or permanent motor and sensory disfunctions such 
as hoarseness, aspiration issues related to respiratory, or 
swallowing failure (2).  

 References 
  1. Castell DO, Richter JE.  The Esophagus.  3rd ed. Philadelphia: Lippincott, Williams, & 

Wilkens; 1999. 
  2. Pearson G, Cooper J, Deslauriers J.  Esophageal Surgery.  Second Edition, 2002. 
  3. Sobotta J, Putz R, Pabst R.  Atlas der Anatomie des Menschen, English version. 13th ed. 

Philadelphia: Lippincott, Williams, & Wilkens; 2001. 
  4. Eliska O. Phreno-oesophageal membrane and its role in the development of hiatal her-

nia.  ActaAnat (Basel) . 1973;86(1):137–150. 
  5. Sivarao DV, Goyal RK. Functional anatomy and physiology of the upper esophageal 

sphincter.  Am J Med . 2000;108Suppl 4a:27S–37S. 
  6. Achkar E. Zenker’s diverticulum . Dig Dis . 1998;16(3):144–151. 
  7. Gerhardt D, et al. Human upper esophageal sphincter pressure profi le.  Am J Physiol . 

1980;239(1):G49–52. 
  8. Lang IM, Shaker R. Anatomy and physiology of the upper esophageal sphincter.  Am J 

Med . 1997;103(5A):50S–55S. 
  9. Kumoi K, Ohtsuki N, Teramoto Y. Pharyngo-esophageal diverticulum arising from 

Laimer’s triangle.  Eur Arch Otorhinolaryngol . 2001;258(4):184–187. 
  10. Liebermann-Meffert D, Allgower M, Schmid P, et al. Muscular equivalent of the lower 

esophageal sphincter.  Gastroenterology . 1979;76(1):31–38. 
  11. Delattre JF, Avisse C, Marcus C, et al. Functional anatomy of the gastroesophageal 

junction.  Surg Clin North Am . 2000;80(1):241–260. 
  12. Preiksaitis HG, Diamant NE. Regional differences in cholinergic activity of muscle 

fi bers from the human gastroesophageal junction . Am J Physiol . 1997;272(6 Pt 1):
G1321–1327. 

  13. Mittal RK, Balaban DH. The esophagogastric junction . N Engl J Med . 
1997;336(13):924–932. 

  14. Boyce H, Boyce G. Esophagus: anatomy and structureal anomalies. In :  Textbook 
of Gastroenterology . Yamada T, Alpers DH, Kaplowitz N, Laine L, Owyang C, 
Powell DW, eds. 4th ed. Philadelphia, PA: Lippincot William & Wilkins; 2003:vol. 
1:1148–1165. 

  15. De La Pava S, et al. Melanosis of the esophagus.  Cancer . 1963;16:48–50. 
  16. DiCostanzo DP, Urmacher C. Primary malignant melanoma of the esophagus.  Am J 

SurgPathol . 1987;11(1):46–52. 
  17. Hopwood D, Logan KR, Bouchier IA. The electron microscopy of normal human oe-

sophageal epithelium.  Virchows Arch B Cell Pathol . 1978;26(4):345–358. 
  18. Sternberg S.  Histology for Pathologists.  2nd ed. New York: Raven Press; 1997. 
  19. Borysenko M, Beringer T.  Functional Histology.  3rd ed. Boston: Little, Brown; 1989. 
  20. Christensen J, Wingate DL, Gregory RA.  A Guide to Gastrointestinal Motility .  Bristol: 

John Wright & Sons Ltd; 1983. 
  21. Long JD, Orlando RC. Esophageal submucosal glands: structure and function.  Am J 

Gastroenterol . 1999;94(10):2818–2824. 
  22. Medeiros LJ, Doos WG, Balogh K. Esophageal intramural pseudodiverticulosis: a re-

port of two cases with analysis of similar, less extensive changes in “normal” autopsy 
esophagi.  Hum Pathol . 1988;19(8):928–931. 

  23. Ghosh SK, Janiak P, Schwizer W, et al. Physiology of the esophageal pressure transi-
tion zone: separate contraction waves above and below.  Am J Physiol Gastrointest 
Liver Physiol . 2005;290(3):568–576. 

  24. Williams DB, Payne WS. Observations on esophageal blood supply.  Mayo Clin Proc . 
1982;57(7):448–453. 

  25. Akiyama H. Surgery for carcinoma of the esophagus . Curr Probl Surg . 
1980;17(2):53–120. 

  26. Orringer MB, Orringer JS. Esophagectomy without thoracotomy: a dangerous opera-
tion?  J Thorac Cardiovasc Surg . 1983;85(1):72–80. 

  27. Vianna A, Hayes PC, Moscoso G, et al. Normal venous circulation of the gastro  esopha  geal 
junction. A route to understanding varices.  Gastroenterology . 1987;93(4):876–889. 

  28. Kitano S, Terblanche J, Kahn D, et al. Venous anatomy of the loweroesophagus in 
portal hypertension: practical implications.  Br J Surg . 1986;73(7):525–531. 

  29. Pashankar D, Jamieson DH, Israel DM. Downhill esophageal varices.  J Pediatr Gastro-
enterol Nutr . 1999;29(3):360–362. 

  30. Dell’era A, Bosch J. Review article: the relevance of portal pressure and other risk fac-
tors in acute gastro-oesophagealvariceal bleeding . Aliment Pharmacol Ther.  2004;20 
Suppl 3:8–15; discussion 16–17. 

  31. Long J, Orlando R. Anatomy, histology, embryology, and developmental abnormalities 
of the esophagus. In:  Gastrointestinal and Liver Diseases,  Feldman M, Fieldman LS, 
Sleisenger MH, eds. Philadelphia, PA: W. S. Saunders; 2002:551–560. 

  32. Zuidema GD.  Shackelford’s Surgery of the Alimentary Tract.  , Philadelphia, PA: W. S. 
Saunders; 1996: I- Esophagus:1–35. 

  33. Timon CV, Toner M, Conlon BJ. Paratracheal lymph node involvement in ad-
vanced cancer of the larynx, hypopharynx, and cervical esophagus.  Laryngoscope . 
2003;113(9):1595–1599. 

  34. Fujita H, Kakegawa T, Yamana H, et al. Lymph node metastasis and recurrence in 
patients with a carcinoma of the thoracic esophagus who underwent three-fi eld dissec-
tion.  World J Surg . 1994;18(2):266–272. 

  35. Saito H, Sato T, Miyazaki M. Extramural lymphatic drainage from the thoracic 
esophagus based on minute cadaveric dissections: fundamentals for the sentinel 
node navigation surgery for the thoracic esophageal cancers.  Surg Radiol Anat . 
2007;29(7):531–542. 

  36. Lehnert T, Erlandson RA, Decosse JJ. Lymph and blood capillaries of the human gas-
tric mucosa. A morphologic basis for metastasis in early gastric carcinoma . Gastroen-
terology . 1985;89(5):939–950. 

  37. Goyal R, Sivarao D. Functional anatomy and physiology of swallowing and esopha-
geal motility. In: Catell OD, Richter JE.  The Esophagus . 3rd ed. Philadelphia: Lippin-
cott-Raven; 1999:23. 

  38. Bannister LH, Berry MM, Collins P.  Gray’s Anatomy.  38th ed. Boston: Harcourt; 1995. 
  39. Robertson D.  Primer on the Autonomic Nervous System.  2nd ed. Boston: Academic 

Press; 2004 .
  40. DiMarino AJ, Cohen S. The adrenergic control of lower esophageal sphincter 

function. An experimental model of denervation supersensitivity.  J Clin Invest . 
1973;52(9):2264–2271. 

  41. Saper CB. The central autonomic nervous system: conscious visceral perception and 
autonomic pattern generation.  Annu Rev Neurosci . 2002;25:433–469. 

  42. Craig AD. An ascending general homeostatic afferent pathway originating in lamina I. 
 Prog Brain Res . 1996;107:225–242. 

  43. Strack AM, Sawyer WB, Hughes JH, et al. A general pattern of CNS innervation of 
the sympathetic outfl ow demonstrated by transneuronalpseudorabies viral infections. 
 Brain Res . 1989;491(1):156–162. 

  44. Goyal RK, Hirano I. The enteric nervous system.  N Engl J Med . 
1996;334(17):1106–1115. 

  45. Collman PI, Tremblay L, Diamant NE. The distribution of spinal and vagal 
sensory neurons that innervate the esophagus of the cat.  Gastroenterology . 
1992;103(3):817–822. 



26 I • BIOLOGY

  46. Wank M, Neuhuber WL. Local differences in vagal afferent innervation of 
the rat esophagus are reflected by neurochemical differences at the level of 
the sensory ganglia and by different brainstem projections.  J Comp Neurol . 
2001;435(1):41–59. 

  47. Altschuler SM, Bao XM, Bieger D, et al. Viscerotopic representation of the upper ali-
mentary tract in the rat: sensory ganglia and nuclei of the solitary and spinal trigeminal 
tracts.  J Comp Neurol . 1989;283(2):248–268. 

  48. Cunningham ET, Sawchenko PE. Central neural control of esophageal motility: a re-
view.  Dysphagia . 1990;5(1):35–51. 

  49. Holstege C, Graveland G, Bijker-Biemond C, et al. Location of motoneurons inner-
vating soft palate, pharynx and upper esophagus. Anatomical evidence for a possible 

swallowing center in the pontine reticular formation. An HRP and autoradiographical 
tracing study.  Brain Behav Evol . 1983;23(1–2):47–62. 

  50. Paintal AS. Vagal afferent fi bres.  Ergeb Physiol . 1963;52:74–156. 
  51. Kern MK, Birn RM, Jaradeh S, et al. Identifi cation and characterization of cerebral cor-

tical response to esophageal mucosal acid exposure and distention.  Gastroenterology . 
1998;115(6):1353–1362. 

  52. Christensen J, Robison BA. Anatomy of the myenteric plexus of the opossum esopha-
gus.  Gastroenterology . 1982;83(5):1033–1042. 

  53. Christensen J, Rick GA, Robison BA, et al. Arrangement of the myenteric plexus 
throughout the gastrointestinal tract of the opossum.  Gastroenterology . 1983;85
(4):890–899. 

  54. Gabella G. Innervation of the gastrointestinal tract.  Int Rev Cytol . 1979;59:129–193. 



27

  3    The Biology of Epithelial 
Esophageal Cancer 

 Eric S. Weiss 
 Avedis Meneshian 
 Malcolm V. Brock 

pithelial cancers of the esophagus 
are commonly codifi ed into 2 main 
histolopathologic groups, squamous 
cell cancer and adenocarcinoma. It 
is now widely appreciated that these 

2 distinct histologies identify 2 very different disease pro-
cesses. Appreciating some of these differences, as a brief 
introduction, sheds some light on the complex interaction 
between environmental infl uences and biology at play in 
these 2 very different entities. 

 Squamous cell cancer occurs predominantly in the 
developing world, especially in a wide expansive region 
stretching from northern Iran to north central China, 
the so-called esophageal cancer belt (1). Esophageal ad-
enocarcinoma, on the other hand, is largely a disease of 
Western nations, especially of North America and West-
ern Europe. In the countries where esophageal adeno-
carcinoma is prevalent, there has been a rapid increase 
in overall incidence of this disease since the mid-1970s 
that has outpaced the incidences of all other solid malig-
nancies (2) (Figure 3.1). 

 The incidence of esophageal squamous cell carci-
noma, however, even in the cancer belt has decreased or 
remained constant (3). Even within the same geographi-
cal regions, different ethnic groups have very different 
incidences of esophageal squamous cell and adenocarci-
noma. In Scotland, for example, there is a higher rate of 
squamous cell compared to the rate observed in England 

and Ireland (4). Similarly in the United States, African 
Americans have appreciably lower rates of esophageal 
adenocarcinoma and signifi cantly higher rates of squa-
mous cell cancer than in the Caucasian population (5). 

 Squamous cell more often is associated with those 
populations with lower socioeconomic status and more 
frequent consumption of alcohol, tobacco, hot tea, low 
fruit and vegetable intake, as well as malnutrition, while 
esophageal adenocarcinoma has been linked to higher 
socioeconomic classes, obesity, and chronic gastroesoph-
ageal refl ux disease (GERD). There is an unexplained 
gender disparity in patients affected with the two types 
of esophageal cancer. With squamous cell cancer, the 
male to female ratio is about 2:1 or 3:1, whereas the 
male to female ratio in adenocarcinoma is often 7:1 (1).
Localization of squamous cancers in the mid- to upper 
esophagus is far more frequent than that of adenocarci-
noma that is found predominantly in the distal third of 
the esophagus or at the gastroesophageal junction. This 
discrepancy in tumor localization necessitates different 
treatment strategies, especially with respect to eligibility 
of patients for complete surgical resection. 

 Many of the reasons for these various differences 
between the two types of esophageal cancer are un-
known. Indisputably, environmental infl uences, such as 
the high nitrosamine content in the soil in countries of 
the esophageal belt and the persistent exposure to to-
bacco carcinogens (nicotine-specifi c nitrosamines) of 

 E



28 I • BIOLOGY

patients in other areas may contribute similarly to car-
cinogenesis. But at the same time, these similar environ-
mental infl uences can give rise to tumors with separate 
and distinct biologies. In this chapter, we will review 
what is known of these tumor biologies. 

 Since the advent and completion of the human ge-
nome project, there has been a dizzying proliferation of 
science devoted to the molecular and cellular mecha-
nisms of malignancy. Our knowledge of genetic, and 
now epigenetic abnormalities, expands exponentially 
with each passing year. This has resulted in a large sci-
entifi c literature concerned with tumorigenesis at the 
cellular level. Topics related to tumorigenesis include: 
oncogenes, tumor suppressor genes, repair genes, cell 
cycle regulators, transcription factors, growth factors, 
hormones, cytokines, cyclins, anti-apoptotic genes, and 
so on. Changes in genes in the germline result in heredi-
tary predisposition to cancer, while abnormalities in sin-
gle somatic cells contribute to sporatic malignancies. As 
Hanahan and Weinberg point out, the complex cast of 

factors all contribute to establishing the six distinguish-
ing phenotypes of cancer—autonomous growth, resis-
tance to antiproliferative signals, avoidance of apoptosis, 
unregulated replication, promotion of angiogenesis, and 
propensity for local as well as distant invasion/dissemi-
nation (6). 

 As the number of discovered genes continues to 
expand with novel molecular techniques, it becomes 
increasingly clear that focusing on and having a salient 
understanding of the oncogenic networks or signal trans-
duction pathways in which these individual genes oper-
ate to produce cancer is critical. Vogelstein and Kinzler 
argue that not only are the number of these oncogenic 
pathways far fewer than the multitudes of current as 
well as yet to be discovered genes, but also within these 
networks there are multiple ways to achieve the same 
effect (7). In the p53 pathway, for example, most com-
monly this tumor suppressor gene is rendered dysfunc-
tional through a point mutation that limits its capacity 
to bind to its target. But functional inactivation of this 
pathway can be achieved with a non-mutated, biochemi-
cally active p53 by disruptions of other components 
of the pathway, such as the amplication of the MDM2 
gene, or the infection of DNA tumor viruses through 
their gene products that bind to and inactivate p53 (7). 
In fact, it is well known that in the Rb pathway, only 1 
of 4 genes is exclusively mutated at any one time, and 
the resulting functional effect of each mutation is exactly 
the same (8–12). 

 Figure 3.2 depicts an overview of the major can-
cer gene pathways (7). In these major pathways, there 
is much redundancy and cross talk both within the net-
works as well as between them, and in fact, many genes 
appear to be important in more than one pathway (7). 
In this chapter, we will discuss the molecular alterations 
inherent in squamous cell and adenocarcinoma esopha-
geal cancer, with special emphasis on the impact of the 
disturbance on these networks. 

 ESOPHAGEAL ADENOCARCINOMA 

 The Barrett’s-Metaplasia-Carcinoma Sequence 

 First described in 1950, Barrett’s esophagus is defi ned as 
the replacement, or metaplasia, of the normal esophageal 
squamous mucosa with a columnar epithelium contain-
ing goblet cells (13) (Figure 3.3). In the ensuing 50 years, 
a great deal has been learned about this clinical entity, its 
pathogenesis, and its relation to the development of esoph-
ageal adenocarcinoma. The condition most commonly 
arises in the setting of chronic GERD, where repeated 
mucosal injury is thought to stimulate the progression of 
intestinal metaplasia. It has been hypothesized that this 
ectopic columnar epithelium predisposes patients to the 

 FIGURE 3.1 

   Esophageal cancer, SEER, 1974–1994.   From DeVesa SS, 
Blot WJ, Fraumeni Jr JF.  Cancer . 1998;83:2049–2053. 
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patients with documented Barrett’s esophagus is only 
0.5% per year (16), and the prognosis for patients with 
invasive cancer remains poor, it would be ideal to fi nd a 
screening strategy that might identify the small number 
of patients with Barrett’s esophagus who will go on to de-
velop esophageal adenocarcinoma, thereby affording the 
opportunity for earlier detection and curative therapies. 

 A clearer understanding of the relationships between 
GERD, Barrett’s esophagus, and the development of 
esophageal adenocarcinoma is beginning to emerge as the 
details of the underlying biological changes become eluci-
dated. There is growing evidence that Barrett’s epithelium 
can progress sequentially through a metaplasia-dysplasia-
carcinoma type sequence, although this sequence and its 
genetic, as well as epigenetic, underpinnings are far from 
being completely understood. Several lines of early evi-
dence support this theory. First, metaplastic and dysplas-
tic epithelia are frequently found adjacent to one another 
within pathologic specimens. Second, the progression 
from metaplasia to low-grade dysplasia, then high-grade 
dysplasia, and fi nally invasive adenocarcinoma has been 
observed serially and temporally in individual patients 
who are surveyed endoscopically (17). Moreover, 30% 
of esophagectomy specimens collected from patients who 
undergo resection for high-grade dysplasia alone are 
found incidentally to harbor foci of invasive carcinoma 
within the dysplastic regions. 

 The clinical progression from metaplasia to dys-
plasia to carcinoma has been studied extensively in an 
attempt to better elucidate its molecular and genetic un-
derpinnings, and the molecular pathogenesis of Barrett’s 
esophagus and esophageal adenocarcinoma have been 
found to include the accumulation of multiple molecu-
lar alterations over time. These alterations may affect 
various aspects of carcinogenesis, including cell cycle 
regulation and proliferation, aneuploidy, telomerase 
activity, growth factors, and epigenetic modifi cations. 
Moreover, these changes may affect both somatic and 
stem cell populations, thereby opening broader avenues 
for research and potential therapeutics. In recent years, 
the application of concepts learned from developmental 
pathways has provided a novel basis for investigation 
of the shift in the esophageal mucosa from its original 
squamous to the columnar-lined epithelium seen in in-
testinal metaplasia, with growing evidence to suggest 
that pluripotent stem cells may be driven toward novel 
epithelial differentiation as a result of altered develop-
mental pathway signaling. 

 Molecular Alterations in Barrett’s Metaplasia 

 A number of novel developmental pathway alterations 
have been found in regions of Barrett’s metaplasia as 
compared with normal regions of esophageal mucosa. 

development of progressive dysplastic changes and, ulti-
mately, adenocarcinoma. In fact, Barrett’s esophagus is 
considered to be a premalignant condition, which carries 
nearly a 100-fold increased risk for esophageal cancer as 
compared with the general population (14). 

 In the Western world, up to 20% of the general 
population reports symptoms consistent with GERD 
(15). Moreover, it is estimated that the prevalence of 
Barrett’s esophagus in the general population has grown 
nearly 4-fold in the last few decades, which likely refl ects 
a combination of a changing disease prevalence and im-
proved diagnostic capability with the increased use of 
fl exible upper endoscopy. Simultaneously, there has been 
a steady rise in the incidence of esophageal adenocarci-
noma, particularly at the esophagogastric junction, and 
in the United States and Western Europe, esophageal ad-
enocarcinoma has supplanted squamous cancer as the 
most common primary esophageal epithelial malignancy. 
Nevertheless, it remains unclear whether the rising in-
cidence of esophageal adenocarcinoma is specifi cally re-
lated to the perceived increased incidence of GERD and 
Barrett’s esophagus in the general population. Moreover 
as the risk of developing esophageal adenocarcinoma in 

 Key: HIF1—Hypoxia-inducible Transcription Factor 1 Pathway 

  RB—Retinoblastoma Pathway 

  GLI—Glioma-associated Oncogene Pathway 

  APC— Adenomatous polyposis coli or WNT (Wingless and 

 Integration1) pathway 

  RTK—Receptor Tyrosine Kinase Pathway 

  SMAD Pathway 

  PI3K—Phophoinositide 3-Kinase Pathway 

  Adopted from Vogelstein & Kinsler 

 FIGURE 3.2 

 Overview of the main cancer gene pathways. 
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For example, CDX1 and CDX2 are homeobox proteins 
that play major roles in the development of the intestinal 
epithelium in utero. In mice, CDX2 expression is high 
in the proximal intestine (including the esophagus) and 
decreases distally along the small bowel, whereas CDX1 
expression is high in the distal intestine and less so prox-
imally, with considerable overlap in the mid-intestine 
(18). It has been hypothesized that such developmentally 
important genes might drive the transformation of the 
normally squamous esophageal epithelium into a more 
intestinal-type columnar epithelium during the clinical 
development of Barrett’s esophagus. For example, the 
repeated injury posed by GERD to the distal esopha-
geal mucosa might activate the ectopic overexpression 
of CDX1, which then triggers a transformation into 
the more distal intestinal phenotype. In support of this 
hypothesis, it has been found that CDX1 mRNA and 
protein expression are detectable in human samples of 
Barrett’s metaplasia, but not in the normal distal esopha-
geal squamous mucosa (19). Moreover, both conjugated 
bile salts and the infl ammatory cytokines tumor necrosis 
factor-α (TNF-α) and interleukin 1b (IL-1b) were found 
to increase CDX2 mRNA expression in vitro through 
NF-κB signaling (20), the overexpression of which syn-
ergizes with CDX1 in inducing and maintaining the more 

distal intestinal phenotype. Furthermore, CDX2 pro-
tein and mRNA overexpression has been documented 
in Barrett’s esophagus and esophageal adenocarcinoma 
epithelia, but not in patients with gastric-type (proxi-
mal) metaplasia or those with GERD without Barrett’s 
changes (21). This overexpression reiterates the notion 
that alterations in the expression of these developmental 
regulatory proteins may trigger a change in the pheno-
type of the epithelial cell, possibly by driving the differ-
entiation of pluripotent stem-cell precursors. 

 Molecular Changes in the Metaplasia-
Dysplasia-Carcinoma Sequence 

 In the esophagus, the progression from dysplasia to inva-
sive adenocarcinoma in the setting of Barrett’s esophagus 
is a multistep process that probably takes many years to 
develop (22). The process is driven by genomic instabil-
ity and the evolution of clones of cells with accumulated 
genetic errors that carry selection advantage and allow 
successive clonal expansion. Successive accumulation of 
chromosomal aberrations, such as aneuploidy and loss 
of heterozygosity (LOH), specifi c genetic alterations, 
and epigenetic abnormalities of tumor suppressor genes, 

 FIGURE 3.3 

 Histopathology of Barrett’s esophagus.   From Spechler SJ.  New Eng J Med . 2002;346:836–842.  Copyright © 2002 Massachusetts 
Medical Society. All rights reserved.
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characterize this process of malignant transformation. 
We will briefl y explore some examples of these genomic 
changes in the context of esophageal adenocarcinoma. 

 Cell Cycle and Proliferation 

 Regulatory genes that have been implicated in the de-
velopment of esophageal adenocarcinoma include cyclin 
D1 and p16. Overexpression of cyclin D1, or inactiva-
tion of p16, results in the hyperphosphorylation of the 
retinoblastoma protein Rb (which controls the normal 
transition between the G1 phase of the cell cycle and 
phase G0 or S), thereby inactivating Rb and stimulat-
ing cellular proliferation. Defects in p16 (via LOH, mu-
tation, or methylation) are very prevalent in Barrett’s 
mucosa and appear to occur very early on in the trans-
formation process (23–25). Cyclin D1 overexpression 
has been documented in Barrett’s esophagus and esoph-
ageal adenocarcinoma, and one prospective study has 
found that patients with Barrett’s metaplasia and cyclin 
D1 overexpression were at increased risk for invasive 
cancer when compared with patients in whom its ex-
pression was normal (26). Although a number of such 
studies documenting hyperproliferation in the setting 
of Barrett’s esophagus exist, no specifi c fi ndings have 
proven predictive of the progression to cancer. 

 Telomerase 

 Telomeres are fragments of non-coding DNA repeats that 
protect the ends of chromosomes from degradation. As 
cells replicate, short segments of these telomeres are lost 
with each cell division until telomeres become too short 
to protect the chromosomes, thereby triggering growth 
arrest and the prevention of further cell division. Human 
cancers take advantage of this regulatory mechanism by 
reactivating the telomerase enzyme that stabilizes the 
telomeres and maintains the proliferative potential of 
malignant cells. In one study, telomerase activity was de-
tected in 100% of esophageal adenocarcinoma specimens 
but not in normal esophageal mucosa, and a graded yet 
pronounced increase in activity was seen in the setting of 
low-grade versus high-grade dysplasia (27). 

 Aneuploidy 

 In Barrett’s epithelium, it has been documented that 
abnormalities in DNA ploidy are associated with the 
progression to dysplasia. In one study, patients with 
Barrett’s esophagus and no dysplasia or low-grade dys-
plasia had a 5-year cumulative incidence of cancer of 
28% if aneuploidy or tetraploidy was documented by 
fl ow cytometry, whereas no patient with normal cyto-

metric results developed invasive cancer (28). Using fl ow 
cytometry in conjunction with histology, the authors of 
the study have suggested increased endoscopic surveil-
lance in patients who are high risk on the basis of abnor-
malities in ploidy (28). 

 Apoptosis 

 The p53 protein prevents cells with DNA damage from 
dividing, and activates the apoptosis pathway, thereby 
preventing the propagation of cells with such alterations. 
Disruption of native p53 function inhibits apoptosis and 
thereby allows the expansion of abnormal cell popula-
tions over time. Lesions in p53 have been documented in 
85%–95% of esophageal adenocarcinomas, but almost 
never in normal esophageal tissues from the same pa-
tients. Moreover, their prevalence increases signifi cantly 
with advancing histologic grades of dysplasia (29–32). 
In one study, LOH at the p53 locus was a strong and sig-
nifi cant predictor for the progression to esophageal ad-
enocarcinoma, with a relative risk of 16 in patients with 
this abnormality as compared to those without (33). 

 Invasion 

 Cadherins are a family of cell adhesion molecules essen-
tial to the maintenance of intercellular connections, cell 
polarity, and cellular differentiation, and thereby play a 
role in the invasiveness of cancer cells. Germline muta-
tions of the E-cadherin gene (CDH1) have been found to 
be a causative agent in familial gastric cancer (34–36). It 
has been documented that the expression of E-cadherin 
is signifi cantly lower in patients with Barrett’s esopha-
gus compared with patients with the normal esophageal 
epithelium, and further reduction of its expression is ob-
served as the metaplasia-dysplasia-carcinoma sequence 
progresses (37). These fi ndings suggest that E-cadherin 
may serve as a tumor suppressor early in the process of 
carcinogenesis in esophageal adenocarcinoma. 

 Along with decreasing E-cadherin expression in 
metaplastic tissue, loss of its associated membranous 
β-catenin expression and an increase in cytoplasmic 
and nuclear β-catenin localization has been observed 
in esophageal cancer (37). Free cytoplasmic β-catenin 
binds to nuclear transcription factors and promotes 
transcription of many target genes, including several on-
cogenes such as c-myc and cyclin D1, and thus promotes 
oncogenesis. 

 Furthermore, TNF-α, an infl ammatory cytokine 
that can be detected in many cancer cells, can down-
regulate the expression of E-cadherin at a transcription 
level (38). In Barrett’s metaplasia the expression of epi-
thelial TNF-α increases with the progression from meta-
plasia to dysplasia to carcinoma (39). 
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 Cyclooxygenase-2 

 Cyclooxygenase-2 (COX-2) is normally found in the 
kidney and brain, but in other tissues, its expression is 
inducible and rises during infl ammation, wound healing, 
and neoplastic growth. COX-2 and its product prosta-
glandin E2 (PGE2) appear to be implicated in carcino-
genesis because they prolong the survival of abnormal 
cells, which favors the accumulation of genetic changes. 
They reduce apoptosis and cell adhesion, increase cell 
proliferation, promote angiogenesis and invasion, and 
make cancer cells resistant to the host immune response 
(40). Although COX-2 is expressed in the normal esoph-
agus, its expression is signifi cantly increased in Barrett’s 
esophagus and even more so in high grade dysplasia 
and esophageal adenocarcinoma (41–43). Some authors 
have suggested that COX-2 expression might be of prog-
nostic value in esophageal adenocarcinoma, as patients 
with high COX-2 expression are more likely to develop 
distant metastases and local recurrence and have signifi -
cantly reduced survival rates when compared to those 
with low expression (41). These fi ndings have led to the 
consideration of COX-2 inhibitors as a potential che-
motherapeutic alternative for patients with esophageal 
adenocarcinoma. 

 Epigenetic Abnormalities 

 Recently, there has been an explosion of research activity 
and resultant scientifi c knowledge in the role of epigene-
tic changes occurring during carcinogenesis. Epigenetics 
refers to alterations in patterns of gene expression that 
take place without any modifi cation of the underlying 
primary DNA sequence. In general, our current under-
standing of epigenetic processes during tumorigenesis is 
limited largely to regional DNA hypermethylation and 
alterations in the chromatin components of DNA pack-
aging. Since these modifi cations are heritable, they are 
able to be conveyed from one generation to another dur-
ing replication of somatic cells, and thus have potential 
importance for the early diagnosis, prognosis, and even 
treatment of many malignancies. 

 DNA promoter region hypermethylation occurs 
mostly at CpG sites in the genome and is catalyzed 
by a family of 3 active DNA methyltransferases that 
transfer a methyl group from S-adenosyl-methionine to 
cytosine to form 5-methylcytosine (Figure 3.4). Tumor 
suppressor genes, genes that suppress metastasis and 
angiogenesis, as well as DNA repair genes are often 
targets for this transcriptional inactivation. DNA hy-
permethylation, and its associated effect on gene in-
activation, have been widely studied in the molecular 
events leading to progression from Barrett’s metaplasia 
to frank esophageal adenocarcinoma. The risk progres-
sion to esophageal adenocarcinoma in a patient under 

surveillance with Barrett’s dysplasia is only 1 per 250 
patient-years, or 0.5% per year (16,44). It is thought 
that epigenetic biomarkers, such as DNA hypermeth-
ylation, may streamline endoscopic surveillance and 
improve the risk stratifi cation of patients with Barrett’s 
metaplasia. This would enable better prediction of pa-
tient progression to high grade Barrett’s dysplasia or 
esophageal adenocarcinoma. In addition, the longtime 
existence of a drug, 5-azacytidine, which irreversibly 
inhibits the aforementioned DNA methyltransferases, 
makes the therapeutic potential of reversing DNA hy-
permethylation enticing for clinical exploitation (45). 

 Methylation of CpG-island in many cancer types 
seems to represent possible early, preneoplastic epigene-
tic events. Hypermethylation of p16 was one of the fi rst 
genes implicated in the progression of Barrett’s esopha-
gus to malignancy with 38% of premalignant and ma-
lignant lesions demonstrating this abnormality (46). 
Meltzer et al. identifi ed p16 along with 7 other genes 
(p16, APC, TIMP3, RUNX3, CRBP1, RIZ1, HPP1) to 
be frequently methylated in both Barrett’s esophagus as 
well as esophageal adenocarcinoma, but not in normal 
esophagus (47). Using 4 of these genes (p16, TIMP3, 
RUNX3, HPP1), Meltzer showed signifi cant differ-
ences in DNA methylation prevalences between those 
patients who progressed from Barrett’s metaplasia to 
frank esophageal adenocarcinoma and those who did 
not (47). Importantly, in this study, DNA methylation 
distinguished progressors within 2 years of their pro-
gression to adenocarcinoma but was unable to predict 
progression more than 2 years before adenocarcinoma 
diagnosis (47). 

 In contrast to colon cancer, where point muta-
tions of p16 are frequent, this gene is rarely mutated in 
esophageal adenocarcinoma. Instead, DNA methylation 
predominates as the primary mechanism of gene inacti-
vation. Eads et al. observed frequent DNA methylation 
in many esophageal cancer specimens with infrequent 
DNA methylation in normal esophagus from the same 
patients (% tumor vs. % normal specimens): p16 (41% 
vs. 0%), ESR1 (86% vs. 0%), MYOD1 (45% vs.0%), 
TIMP3 (86% vs. 19%), APC (68% vs. 3%), and CALCA 
(50% vs. 13%) (25,46). 

 Although prognostic biomarkers will be covered 
more thoroughly elsewhere in the text, it is worth not-
ing that epigenetic markers are being considered to be 
possible prognostic markers in patients with esopha-
geal adenocarcinoma. A recent study at Johns Hopkins 
found patients whose tumors had >50% of a 4 gene 
profi le methylated had both signifi cantly poorer survival 
( P <  0.04) and earlier tumor recurrence ( P  < 0.05) than 
those without methylation (48). Moreover, multivariate 
analysis suggested that methylation status was a more 
powerful predictors of survival (HR 2.7 [1.14–6.45; 
95% confi dence interval]) and tumor recurrence (HR2.5 
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[1.11–5.6[) than age (HR 2.03 and 1.96, respectively) or 
stage (HR 1.48 and 1.67, respectively) (48). 

 Stem Cells 

 In 2002, Seery based a model for understanding esoph-
ageal stem cell populations upon lessons learned from 
epidermal stem cell studies (49). In reviewing one of 
the existing hypotheses of the development of Barrett’s 
esophagus that suggests that preformed tubuloalveolar 
gland elements in the squamous mucosa of the esoph-
agus may be the origin of Barrett’s metaplasia, Seery 
surmised it might instead be that the differentiation pro-
gram of keratinocytes can be modifi ed by GERD to in-
duce columnar differentiation. He noted that GERD can 
trigger a similar metaplastic change in the esophagus of 
rats (50) that do not have preexisting glandular struc-
tures in the esophagus. 

 SQUAMOUS ESOPHAGEAL CANCER BIOLOGY 

 In stark contrast to adenocarcinoma of the esophagus, 
squamous cell carcinoma (SCC) is characterized by 

different molecular mechanisms and consequently by 
different risk factors. In general, squamous cell carci-
noma is primarily due to chronic irritation of esoph-
ageal squamous epithelium. In this section, we will 
review risk factors for squamous cell carcinoma and 
the molecular mechanisms underlying both premalig-
nant and malignant change. 

 Epidemiology of Squamous Cell Carcinoma 
of the Esophagus 

 Esophageal SCC has a distinct incidence and epidemio-
logic pattern from adenocarcinoma. As mentioned pre-
viously, the incidence of esophageal adenocarcinoma is 
on the rise in the United States and in other Western 
countries (51,52). By contrast, the incidence of SCC 
has been steadily declining since the 1970s. Although in 
the United States African American males have a much 
higher incidence of SCC when compared to whites, the 
incidence in this population is declining as well (53). In 
contrast, in Eastern countries (China in particular), the 
majority of esophageal cancers are SCC, and there is 
no increase in the incidence of adenocarcinoma. These 

 FIGURE 3.4  

 DNA Promoter hypermethylation (45). 
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trends point toward fundamental differences in patho-
genic mechanisms associated with the development of 
these distinct malignancies. 

 Risk Factors for the Development 
of Squamous Cell Carcinoma 

 Although the exact mechanisms responsible for the for-
mation of SCC formation are unknown, epithelial tu-
mors frequently arise as a result of chronic irritation of 
a mucosal layer. In this regard, esophageal cancer is no 
different. There are several known risk factors, including 
tobacco and alcohol use, for the development of SCC of 
the esophagus. Many relate to chronic irritation of the 
esophagus. 

 Tobacco and Alcohol Use 

 Chronic use of tobacco has been defi nitively shown to 
be associated with the development of SCC (54,55). This 
effect persists whether one smokes cigarettes or uses 
smokeless tobacco products. This effect appears to be 
most correlated with SCC, as the effect of smoking on 
adenocarcinoma is less certain. Alcohol is also strongly 
correlated with the development of esophageal SCC 
(56,57). Both tobacco use and alcohol consumption con-
tribute to the development of SCC in a dose-dependent 
manner. Additionally, cessation leads to a decrease in the 
risk of cancer development (58). 

 Diet 

 Because of the unequal distribution of esophageal cancer 
types worldwide, speculation that differences in diet con-
tribute to pathogenesis have garnered signifi cant interest. 
Specifi cally postulated have been that diets high in starch 
and low in fi ber contribute to the development of SCC 
of the esophagus (59). There have been further reports 
of fungal contaminants (so-called mycotoxins) that may 
contribute to the development of SCC (60). Perhaps the 
most intriguing notions dealing with dietary habits and 
SCC focus on the intake of foods containing nitrates and 
nitrosamines. Because tumorigenesis has been observed 
with nitrosamine administration in animal models, nitro-
samines have been postulated to be associated with the 
development of cancer in humans (61). Nitrosamines are 
found in a variety of foods including smoked and cured 
meats, pickled foods, and foods with added malt such as 
beer or whiskey (61). Nitrosamines are found to a much 
greater extent in Asian foods (62), which may explain 
why a greater percentage of Asians develop SCC of the 
esophagus. Interestingly, nitrosamines are endogenously 
produced in the human body from nitrates. Nitrates are 
found, to a large extent, in vegetables and water. It is 

interesting that nitrosating enzymes in the human body 
are produced in response to chronic infl ammation, and 
thus, nitrate intake might be more harmful in the setting 
of other chronic irritants to the esophagus such as smok-
ing or chronic alcohol consumption. 

 Achalasia 

 Much controversy exists when discussing the incidence of 
SCC of the esophagus in patients with previous achalasia. 
Although some studies have shown correlation between 
the two diseases (63), many population-based studies 
have now pointed to an increased risk of esophageal can-
cer with achalasia (64,65). There is strong evidence that 
SCC predominates over adenocarcinoma among patients 
with achalasia who develop esophageal cancer. A widely 
held belief is that esophageal cancer developing from 
achalasia carries a worse prognosis as compared to other 
esophageal cancer. Studies of patients with achalasia and 
esophageal cancer appear to have similar prognoses to 
those who develop esophageal cancer with no achalasia, 
and thus it appears that this notion is false (64). 

 Other Factors 

 The risk of SCC also increases with any chronic irritant, 
such as lye ingestion or radiation therapy. Plummer-
 Vinson syndrome (a disorder of iron defi ciency, dys-
phagia, esophageal webs) is a known risk factor; and 
similar to other cancers, a history of previous squamous 
cell cancer is a risk factor as well (58). 

 Precursor Lesions for Squamous 
Cell Carcinoma 

 The World Health Organization (WHO) has classifi ed 
esophageal dysplasia as a precancerous lesion containing 
cytologic and structural abnormalities (66). For squa-
mous cells of the esophagus, it has been traditional to use 
the terms  mild ,  moderate , and  severe  to describe degrees 
of dysplasia (67,68); however, most pathologists agree 
that there is a clear divide in disease severity between 
mild and moderate dysplasia compared to severe, and 
consequently use the terms  low-grade  and  high-grade  to 
describe levels of dysplasia (69). It is noteworthy that 
carcinoma in situ is a variant of high-grade dysplasia 
and additionally, both dysplasia and carcinoma in situ 
imply a lack of lymph node involvement and lack of in-
vasion beyond the epithelial layer. 

 Descriptive Features 

 Studies of patients with squamous cell dysplasia of the 
esophagus receiving endoscopy have demonstrated a 
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wide variety of clinical features (70). Specifi cally, dys-
plasia can be friable with erythema or can present as 
nodularity, erosions, or fl at lesions. In some cases, small 
white plaques or patches are visible. Dysplasia is, for-
tunately, rarely visually normal (only 2% in a series of 
398 patients by Dawsey et al.) (70). Interestingly, areas 
of mucosal dysplasia are visually highlighted with the 
use of iodine, a technique that can aid in diagnosis (71). 
Dysplastic areas tend not to pick up iodine staining due 
to a loss of glycogen in the dysplastic mucosa (68). De-
spite these diagnostic aids, biopsies are, at this time, the 
only proven way to identify mucosal dysplasia reliably. 

 Pathology 

 Transitions from dysplasia to nondysplasia are often 
easily noted on esophageal biopsy. This is because the 
nuclear enlargement, hyperchromasia, mitotic increases. 
and pleomorphism are all pronounced in specimens of 
esophageal dysplasia (68). In general, dysplastic cells in-
vade from the superfi cial to deep layers of epithelium. 
Dysplasia is graded by the degree of epithelial involve-
ment. In general, mild and moderate dysplasia occupy 
less than 50% of the epithelium, while severe occupies 
greater than 50% of the epithelium (72). Carcinoma in 
situ involves the full thickness of epithelium but does not 
invade beyond the epithelial layer. 

 Progression to Invasive Cancer 

 Squamous cell carcinoma of the esophagus appears to 
develop through a series of changes from dysplasia to 
invasive carcinoma. Studies examining esophageal re-
section specimens have observed areas of high- and 
low-grade dysplasia present in addition to invasive car-
cinoma (70,73) The molecular mechanisms leading to 
this progression will be the subject of the next section. 

 Molecular Alterations in Squamous 
Cell Carcinoma 

 Overview of Oncogenic Mechanisms 

 Seminal work by a multitude of investigators has re-
vealed that unlike diseases caused by a single mutation 
(e.g., cystic fi brosis), tumorigenesis is the result of mu-
tations or epigenetic changes in many different genes 
and molecular pathways (74). Invasive cancer is thus 
the result of the deleterious effects of many abnormali-
ties. Fortunately, genes can be categorized into distinct 
varieties of alterations each with unique mechanisms 
of tumorigenesis. Specifi cally, as stated earlier, one can 
broadly divide genes responsible for tumor formation 
into oncogenes, tumor suppressor genes, and genes re-
sponsible for DNA stability (74). 

 Oncogenes refer to genes that when mutated, result 
in activation, leading to cellular proliferation or the al-
lowance of selective growth as compared to other cells. 
Tumor suppressor genes, by contrast, result in reduced 
activity of a gene and are important for ceasing cellular 
proliferation. Finally, genes involved in stability regulate 
DNA maintenance and repair. When alterations in these 
genes occur, normal mechanisms responsible for DNA 
repair are altered, leading to a resultant increase in ge-
netic alterations. 

 Cancer Characteristics 

 Alterations in these key genetic pathways lead to many 
of the key characteristic features of all cancer cells. As 
summarized by Hanahan and Weinberg (75), cancer 
cells: (a) have self-suffi ciency in growth, (b) are self-
replicative, (c) are insensitive to antigrowth signals, 
(c) avoid apoptosis, and (d) have angiogenic capabili-
ties with the ability to invade tissue. Like all malignan-
cies, investigations of squamous cell carcinoma genetic 
alterations have focused on genes that fall into one of 
the broad categories of tumorigenesis and produce these 
specifi c properties inherent to all malignant tumors (76). 
The following section does not attempt to provide an ex-
haustive review of all genetic alterations that have been 
identifi ed for SCC, but rather focuses on a few examples 
in important mechanistic categories. 

 Role of Oncogenes 

 As previously mentioned, oncogene mutations result in 
active proliferation of cells. Notable examples include 
 ras  and  c-myc.  In contrast to tumor suppressor genes 
(discussed subsequently), there are few examples of 
identifi ed oncogenes in the pathogenesis of squamous 
cell esophageal cancer. Examples in human esophageal 
SCC include the murine double minute 2 (MDM2) gene, 
which can bind to and inhibit p53, leading to cellular 
proliferation (77), and the erythroblastosis virus onco-
gene homolog 2 (ETS2), which has proliferative proper-
ties (78). 

 Tumor Suppressor Genes 

 Tumor suppressor gene abnormalities have been read-
ily identifi ed for esophageal SCC. In general, tumor 
suppressor genes provide antiproliferative signals for 
cells. Mutations include missense mutations, deletions 
or insertions, and promoter methylation rendering a 
nonfunctional protein product. Classic examples of 
tumor suppressor genes include Rb and p53, and several 
studies have provided examples of mutations in both 
of these genes early in the pathogenesis of esophageal 
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SCC (79–82). Relating to this pathway of tumorigen-
esis includes antiapoptotic signaling. The BCL-2 gene is 
important for prevention of apoptosis. Additional p53 
has antiapoptotic mechanisms. Mutations in these genes 
have been shown in esophageal SCC to lead to abnormal 
proliferation (82). 

 Additional Genetic Alterations 

 Additional genes of interest for SCC include those in-
volved in cell signaling, cell cycle regulation, and sig-
nal transduction (83,84). Additional important genetic 
alterations including upregulation of telomerase con-
tributing to cell replication, upregulation of vascular en-
dothelial growth factor (VEGF) leading to angiogenesis, 
and alterations in E and beta cadherin genes leading to 
abnormal cellular attachments have been observed in 
adenocarcinoma of the esophagus, but thus far have not 
been demonstrated in esophageal SCC (86). 

 Epigenetic Abnormalities in Squamous Cell 
Carcinoma of the Esophagus 

 A second important mechanism in the development of 
neoplasm involves the acquisition of epigenetic changes. 
Specifi cally, DNA promoter methylation leads to the 
inactivation of genes involved in tumor suppression 
and cell cycle regulation. Furthermore, epigenetic si-
lencing of transcription factors can result in a loss of 
gene expression as well (85). In SCC of the esophagus, 
epigenetic alterations appear to play an important roll 
as well. Guo and colleagues examined methylation in 
the promoter regions of 8 common methylated genes in 
samples of esophageal SCC. This group demonstrated 
along the transition from dysplasia to neoplasm; epi-
genetic changes occur and are important mediators of 
tumorigenesis (86). In this study, p16 showed the high-
est level of methylation. Similarly, Ishii and colleagues 
have shown degrees of methylation specimens of esoph-
ageal SCC including background epithelium. In these 
specimens, transitioning from background epithelium 
through intraepithelial neoplasm to invasive carcinoma 
was associated with increasing degrees of DNA methyla-
tion (87). These fi ndings confi rmed the results of Guo’s 
study that epigenetic changes defi ne the transition from 
normal epithelium to invasive carcinoma. Finally, CDX2 
(mentioned earlier as being overexpressed in esophageal 
adenocarcinoma) has been found to be epigenetically si-
lenced in esophageal squamous cancers (88). 

 Genomics and Gene Microarrays 

 The development of the gene microarray by Brown and 
colleagues has provided a powerful tool for investigation 

of large-scale changes in gene expression associated with 
malignancies (89). Microarray technology makes it possi-
ble to analyze simultaneously gene expression for tens of 
thousands of genes. Typically, RNA is isolated from cells 
of interest and reversibly transcribed to cDNA probes. 
These probes are placed on a microarray with thousands 
of cDNA strands cloned from known human genes. 
Using imaging technology, active genes from the RNA 
sample are identifi ed. This type of technology is leading 
the way to the identifi cation of several genes involved in 
the pathogenesis of many tumors including esophageal 
SCC (90–92). Beyond the notion of using microarrays 
to identify new genes and gene pathways important in 
tumorigenesis, the applications of this technology are 
wide reaching. Specifi c possible applications include ex-
amination of cancer biology at various stages of cancer 
progression (92), examination of differences between dif-
ferent types of esophageal cancer (93), and correlation 
with responses to adjuvant chemotherapy (94). 

 Proteomics of Squamous Cell 
Esophageal Carcinoma 

 The term  proteomics  refers to the study of the protein 
composition cell or body tissue. It also encompasses 
posttranslational changes that occur following protein 
genesis. Protein profi les of tumor cells can be obtained 
and readily compared to normal cell lines. Furthermore, 
cellular or serum profi les for patients with tumor bur-
den can be compared to serum from normal individu-
als without tumor. In this way, differentially produced 
proteins can be isolated, identifi ed, and described for 
tumors of interest (76). Because proteomics studies 
the functional components of the cell (unlike genom-
ics, which studies potential protein products), the data 
obtained from proteomic strategies are very powerful 
for predicting phenotypic changes. Proteomics has per-
haps its most useful application in the development of 
biomarkers for diagnosis and prognosis. A useful bio-
marker is present and easily identifi ed in an accessible 
body material such as blood or serum and predicts the 
magnitude of illness with a high sensitivity. Although 
proteomic strategies have not been widely employed for 
esophageal SCC, Zhang and colleagues have identifi ed 
that differential expression of clusterin (a glycoprotein) 
is downregulated in esophageal SCC (95). Using strate-
gies of this nature, important proteins for SCC will be 
identifi ed to aid in diagnosis and prognosis. 

 Future Directions in Treatment: Gene Therapy 
for Squamous Cell Carcinoma 

 In addition to surgical resection, multimodality treat-
ment has garnered favor among many oncologists in 
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order to improve responses to traditional therapy such 
as chemotherapy, radiation, and surgical resection. Be-
cause p53 mutations are so common in both adeno and 
squamous cell esophageal carcinoma (96,97), attention 
has focused p53 as a potential target for esophageal 
cancer gene therapy (98). In fact, in preclinical animal 
studies (99,100), as well as phase I clinical safety stud-
ies, adenoviral p53 gene transfer has been successfully 
applied for lung cancer therapy (101,102). Based on 
these preliminary results, Japanese investigators have 
conducted a phase II clinical trial enrolling 10 patients 
and investigating the use of an adenoviral mediated p53 
gene delivery to patients with advanced (T3 with mul-
tiple lymph node metastasis and T4) esophageal squa-
mous cell carcinoma (103). Although 9 of 10 patients 
ultimately died, the drug was well tolerated with few ad-
verse side effects attributable to the therapy. One patient 

in particular showed no tumor progression 24 months 
following p53 gene administration and is still alive 
65 months following treatment. These encouraging re-
sults suggest that targeted molecular treatment strategies 
are feasible and may hold promise for the treatment of 
esophageal cancer. 

 In summary, in both esophageal adenocarcinoma 
and squamous cell, the separate biology of tumors pro-
duce an aggressive, virulent malignancy. Coupled by the 
location of a rich network of lymphatics in the esoph-
ageal submucosa, the result is rapid metastatic spread 
and a poor, overall 5-year survival rate for patients. 
Clearly, an effective, systemic therapy is sorely needed. 
Understanding the molecular pathways inherent in these 
two cancers could lead to appropriate pharmacologic 
intervention. 
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  4    
The Biology of 
Mesenchymal Esophageal 
Tumors 

 Billy R. Ballard 

esenchymal tumors of the esoph-
agus are less common than epithe-
lial neoplasms of the esophagus. 
A review of the histology of the 
esophagus provides the tissues 

in the esophagus that are possible sources of mesenchy-
mal neoplasms (Figure 4.1). Unlike the muscle bundles 
of stomach and intestines, which have both circular and 
longitudinal arrangements, the muscularis mucosa is 
composed of smooth muscle bundles orientated longi-
tudinally. The muscularis mucosa becomes thicker as it 
proceeds distally, and at the gastroesophageal junction, 
the esophageal muscularis mucosa is thicker than that of 
the stomach and can be mistaken for muscularis propria 
(1). A short length (approximately 5%) of the proximal 
muscularis is composed of striated muscle (2). The mus-
cularis propria is composed predominantly of smooth 
muscle (2) (Figure 4.2). Despite the presence of the 
two different muscle types, the predominant tumors of 
the muscularis propria are leiomyomas and leiomyo-
sarcomas (3).   

 The esophagus, as with the rest of the GI tract, has 
an intrinsic innovation system, which contains ganglion 
cells in the submucosa (Meissner’s plexus) and between 
the circular and longitudinal muscle layers (Auerbach’s 
plexus) (Figure 4.3). The plexus are less well developed in 
the esophagus than in the remainder of the GI tract, and 
the density of neurons increases progressively toward the 

stomach (4). Tumors of neural origin are rare in the GI 
tract. Kwon et al. reviewed 53 schwannomas of 4 previ-
ously reported series and only 2 cases were of arose in the 
esophagus (5).    

 Interstitial cells of Cajal (ICC) are widely distrib-
uted within the submucosa, intramuscular, and inter-
muscular layers associated with the terminal networks 
of sympathetic nerves. The ICC in the esophagus are 
concentrated in the distal one-third in close association 
with smooth muscles as well as in the middle one-third 
associated with both smooth and striated muscles (3,6). 
Gastrointestinal stromal tumors (GISTs), including 
those of the esophagus, originate from ICC cells. The 
most common mesenchymal GI tract tumors are GISTs, 
except in the esophagus, where benign leiomyomas are 
more frequent (3). 

 The 3 most common mesenchymal neoplasms of 
the esophagus are leiomyomas, GISTs, and leiomyosar-
comas (3,7). Leiomyomas are rare elsewhere in the GI 
tract, but are the most common esophageal mesenchymal 
neoplasm (3,7). 

 LEIOMYOMAS 

 Leiomyomas constitute 71% of stromal/smooth muscle 
tumors of the esophagus with a male to female ratio of 
2:1. The lesions occur earlier in men with a mean age 

 M
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of 33 years and 44 in females. The presenting clinical 
symptoms include dysphagia, esophageal ulceration, 
and chest pain. The distal esophagus is the most com-
mon site of this lesion. Grossly, the lesions range from 
1 to 18 cm in maximum diameter (mean 5 cm) and on 
section they were lobulated, gray-white, and fi rm with a 
whirled surface. Histologic examination showed a low to 
moderate cellularity composed of bundles of interlacing 
spindle-shaped smooth muscle cells with bland elongated 

cigar-shaped nuclei and infrequent mitoses and abun-
dant eosinophilic cytoplasm (3,9) (Figure 4.4). Immuno-
histochemical examination showed all cases tested were 
positive for muscle markers, including smooth muscle 
antigen (SMA) and desmin. All of the lesions tested were 
negative for CD34 and CD117, GIST cell markers, and 
S-100 protein, a neural tumor marker (3,8). Long-term 
follow-up of diagnosed lesions is unnecessary, as benign 
leiomyomas show no tumor-related mortality (3,8,9).    

 LEIOMYOSARCOMAS 

 Leiomyosarcomas are rare neoplasms of the esopha-
gus and constitute the smallest group of mesenchymal 

FIGURE 4.1

Mid-esophagus. The esophageal mucosa showing the sur-
face epithelium, lamina propria, and lower muscularis pro-
pria (4X).

FIGURE 4.2

Muscularis propria. Fascicles of smooth muscle cells.

FIGURE 4.3

Auerbach’s plexus found between the 2 muscle layers.

FIGURE 4.4

Leiomyoma composed of bundles and fascicles of smooth 
muscle cells in longitudinal and perpendicular planes.
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esophageal neoplasms. This lesion occurs in an older 
age group and is more common in men. The lesions are 
large (9–16 cm), and the lesion is lethal, with patients 
dying from their disease within 1 to 24 months. His-
tologically, leiomyosarcomas are composed of fascicles 
of blunt-end spindle cells with moderated to marked 
pleomorphism, high mitotic activity, more than 5 mi-
toses per 50 HPFs. Immunohistochemically, the lesions 
show global positivity for desmin and SMA. The le-
sions are universally negative for CD 117 and S-100 
protein (3,8). 

 SCHWANNOMAS 

 Schwannomas are rare GI tract neoplasms. Of 191 
GI mesenchymal tumors reviewed by Kwon et al. (5), 
only 12 cases exhibited morphologic and immunohis-
tochemical features of GI schwannomas as described by 
Daimaru et al. (10). Of these 12 cases, only 1 originated 
from the esophagus. The patient was a 70-year-old fe-
male that presented with dysphagia and chest pain. The 
lesion was 6 cm, well circumscribed, but not encapsu-
lated, rubbery to fi rm, yellow-white to tan, glistening, 
and the cut surface was trabeculated. Microscopic ex-
amination revealed a lymphoid cuff in the surrounding 
non-neoplastic tissue, including mucosa, submucosa, 
muscle, and subserosa. The neoplasm was composed of 
broad bundles, interlacing fascicles of whorls of elon-
gated cells with spindle-shaped, tapered, and somewhat 
wavy nuclei with evenly distributed chromatin, indis-
tinct nuclei, and absent or rare mitoses. The immunohis-
tochemical reactions for vimentin, S-100 protein, GFAP 
were diffusely and strongly positive, NSE was variably 
positive, and CD117 (c-kit), CD34, desmin, SMA, neu-
rofi lament, CD56, and synaptophysin were negative. 

 GASTROINTESTINAL STROMAL TUMORS 

 Formerly classifi ed as smooth muscle tumors of the GI 
tract, leiomyomas, leiomyosarcomas, and GISTs were 
thought to be neoplasms of smooth muscle origin. Elec-
tron microscope studies showed inconsistent smooth 
muscle differentiation (11). Mazur and Clark intro-
duced the term  stromal tumor  to distinguish this neo-
plasm as a clinicalopathologic entity based on mounting 
morphologic evidence that these lesions did not exhibit 
exclusive features of smooth muscle neoplasms (12). 
During the past decade, ultrastructural and immuno-
histochemical fi ndings resulted in GIST being defi ned 
as a biologically distinctive tumor type, different from 
smooth muscle (leiomyomas and leiomyosarcomas) and 
neural (schwannomas) tumors of the GI tract. 

 The origin of GISTs is believed to be ICC or their 
stem cell–like precursors (13,14). The ICC have features 

of GI autonomic nervous system and smooth muscle cells 
and regulate the motility and autonomic nerve function 
(15,16). The ICC are Kit protein and Kit-ligand (stem 
cell factor) positive cells, and are located around the my-
enteric plexus and in the muscularis propria throughout 
the GI tract. Furthermore, they include a subset of mul-
tipotential stem-like cells that can develop into smooth 
muscle cells if Kit signaling is disrupted (17). 

 The c-kit protein, also known as CD117, is a highly 
sensitive and specifi c marker for GISTs that differenti-
ates them from other GI mesenchymal tumors such as 
leiomyomas, which do not express CD117 (18,19). The 
c-kit proto-oncogene is located on the long arm of chro-
mosome 4 and encodes a 145 kD transmembrane recep-
tor with internal tyrosine kinase activity (20). 

 The immunohistochemical expression of the proto-
oncogene  c-kit  (KIT protein or CD117) is the essential 
marker for confi rmation of the diagnosis of GIST re-
gardless of location (21). In addition to the expression 
of CD117 (Figures 4.5 and 4.6), approximately 60% to 
70% of GISTs express CD34, a sialylated transmem-
brane glycoprotein and a hematopoietic progenitor cell 
antigen found in mesenchymal cells; however, the degree 
and rate of occurrence may vary with the site of the le-
sion. Esophageal GISTs (Figures 4.7 and 4.8) are consis-
tently CD34 positive (95%–100%) (18,19). All of the 
esophageal GISTs studied by Miettinen displayed consis-
tent expression of CD117 and CD34 (3).    

 Interstitial cells of Cajal GI pacemaker cells that 
control gut motility are characterized by immunophe-
notypic CD117 positivity and ultrastructural resem-
blance to GIST (14). In addition, GISTs have features 
in common with the myenteric plexus subtype of ICC, 

FIGURE 4.5

Gastrointestinal stromal tumor, spindle cell type, intense 
CD117 (c-Kit) membrane and cytoplasmisc immunohisto-
chemical reactivity.
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including the expression of CD34, embryonic smooth 
muscle myosin heavy chain, and the intermediate fi la-
ment nestin (22,23). The immunohistochemical high-
lighting of ICC cells with CD117, the antibody to KIT, 
assisted in the discovery that this proto-oncogene is 
strongly expressed in most GISTs (14,21). This disco-
very substantiated the hypothesis that GISTs arise from 
or share a common stem cell with the ICC, and pro-
vided a new, more sensitive and specifi c marker for the 
diagnosis of GIST. 

 Clinically, GISTs are the most common mesenchy-
mal tumors of the GI tract and arise in all sites but 
predominantly in the stomach (60%) and small in-
testine (25%), but also occur in the rectum (5%) and 
esophagus (2%). Miettinen et al. identifi ed 17 esopha-
geal stromal tumors among 68 esophageal mesenchy-
mal tumors (25%) (3). The lesions were more common 
in men (76%) with an age range from 49 to 75 years 
and a mean age of 63 years. The presenting symptoms 
include dysphagia, odynophagis, weight loss, dyspep-
sia, retrosternal chest pain, or hematemesis. The lesions 
were most frequently located in the distal esophagus and 
ranged from 2.6 to 25 cm in maximum diameter (mean 
8 cm). Grossly, the tumors may have a thin capsule-like 
periphery. On section, they are pink-tan, with a soft or 
fi sh fl esh–like consistency (Figure 4.9). Focal areas of 
necrosis and central calcifi cation may be present.   

 Histologically, GISTs fall into 1 of 3 categories: 
spindle cell type (70%) (Figures 4.10 and 4.11), epithe-
lioid (20%), (Figure 4.12), or mixed (Figure 4.13). Ap-
proximately 5% of lesions show a variably prominent 
myxoid stroma, and only a signifi cant minority of cases 
(<2% to 3%) show cytologic pleomorphism.   

 Spindle cell GISTs are composed of relatively uni-
form eosinophilic cells arranged in short fascicles or 
whorls (Figures 4.5, 4.6, 4.10, and 4.11). The tumor cells 
have a paler eosinophilic cytoplasm than smooth muscle 
neoplasms, often with a fi brillary, syncytial appearance 
(i.e., with indistinct cell margins). Nuclei are uniform 
and more ovoid and shorter than those of smooth mus-
cle and often with vesicular chromatin. Conspicuous 
juxanucelar cytoplasmic vacuoles are present in up to 

FIGURE 4.6

Gastrointestinal stromal tumor, epithelioid type, with in-
tense CD117 (c-kit) membrane and cytoplasmic immuno-
histochemical reactivity.

FIGURE 4.7

Gastrointestinal stromal tumor, spindle cell type, intense 
CD34 membrane and cytoplasmic immunohistochemical 
reactivity.

FIGURE 4.8

Gastrointestinal stromal tumor, epithelioid type, with intense 
CD34 membrane and cytoplasmic immunohistochemical 
reactivity.
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FIGURE 4.10

Gastrointestinal stromal tumor, spindle cell type, composed 
of hypercellular relatively uniform eosinophilic cells ar-
ranged in short fascicles or whorls. The cytoplasm of the 
tumor cells is paler than that of smooth muscle cells. There 
is often a fibrillary, syncytial appearance with indistinct 
margins (10X).

FIGURE 4.9

Gastrointestinal stromal tumor, well-circumscribed, smooth 
glistening, pink-white cut surface.

FIGURE 4.11

Gastrointestinal stromal tumor, spindle cell type, composed 
of hypercellular relatively uniform eosinophilic cells ar-
ranged in short fascicles or whorls. The cytoplasm of the 
tumor cells is paler than that of smooth muscle cells. There 
is often a fibrillary, syncytial appearance with indistinct mar-
gins. The nuclei are uniform and shorter, ovoid and blunted 
compared to smooth muscle nuclei. Chromatin is occasion-
ally vesicular with insignificant nuclear atypia and mitotic 
activity (H&E 40X).

FIGURE 4.12

Gastrointestinal stromal tumor, epithelioid type, composed 
of round to oval cells with variably to clear cytoplasm. The 
clear cytoplasm is often retracted and eosinophilic (simu-
lating inclusions) adjacent to or surrounding tumor nuclei. 
The nuclei are uniform to slightly pleomorphic, round to 
oval with vesicular chromatin and an occasional nested 
architecture (40X).
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usually expressed per 50 high power fi elds (HPFs) (x40) 
(totaling 5 mm 2 ) (19,24,25). Since size and mitotic rate 
parameters are universally accepted as an indication of 
potential biological behavior, they should be recorded for 
all GISTs and included in the fi nal pathology report (26). 
Other features of biological potential include degree of 
necrosis, cellularity, nuclear pleomorphism, nuclear cy-
toplasm ratio, mucosal invasion, and ulceration (11). A 
tumor size greater than 5 cm is associated with a high 
risk of metastasis or recurrence, and a mitotic count of 
greater than 5 mitoses per 50 HPFs is considered to be 
associated with a malignant behavior (27,28). 

 A study by Miettinen and colleagues (3) of esopha-
geal GISTs showed a follow-up of 16 of 17 cases (94%), 
9 patients died of their disease. All patients with tumors 
greater than 10 cm died of disease, whereas none of the 
patients with tumors smaller than 5 cm died of disease. 
Most of the tumors were histologically malignant with 
more than 5 mitoses per 50 HPFs. Fifty-nine percent of 
the patients (10 of 17) died of disease, with a median 
survival of 27 months. In this study, 1 patient died of 
their disease when the tumor showed only 5 mitoses per 
50 HPFs, indicating that low mitotic rate does not as-
sure benign behavior (27,28). 

 SUMMARY 

 Mesenchymal tumors of the esophagus are infrequent. 
The most common mesenchymal tumors of the esopha-
gus are leiomyomas and GISTs. Leiomyosarcomas and 
schwannomas occur in the esophagus; they are, however, 
rare. The leiomyoma is the most common mesenchymal 
tumor of the esophagus, constituting 71%. Leiomyo-
mas are rare elsewhere in the GI tract. Many tumors 
formerly classifi ed as smooth muscle tumors, leiomyo-
mas and leiomyosarcomas of the GI tract thought to be 
of smooth muscle origin were of ICC origin. Electron 
microscopic and immunohistochemical studies of this 
group of lesions confi rm ICC as the cell of origin of the 
group of tumors, thus the name  gastrointestinal stro-
mal tumor . Based on clinical, morphologic, and cyto-
logic criteria, GISTs occur in both benign and malignant 
forms. 

FIGURE 4.13

Gastrointestinal stromal tumor, mixed cell type, this lesion 
shows a combination of both spindle cell and epithelioid 
cells.

5% of all cases. Stromal collagen is uncommon, but deli-
cate thin-walled vessels may be prominent, and stromal 
hemorrhage is a common feature of these tumors (21). 

 Epithelioid GISTs (Figures 4.6, 4.8, and 4.12) are 
composed of rounded cells with variably eosinophilic or 
clear cytoplasm. In cases with clear cytoplasm, often-
retracted eosinophilic cytoplasm (simulating inclusions) 
can be seen around or adjacent to the tumor cell nuclei. 
Epithelioid lesions, similar to spindle cell lesions, tend 
to have uniform round-to-oval nuclei with vesicular 
chromatin, and this subset of tumors shows a nested ar-
chitecture more often than spindle cell cases, enhancing 
the risk of confusion with an epithelial or melanocytic 
neoplasm. Lesions of mixed cell type may exhibit an 
abrupt transition between spindle cells and epithelioid 
areas (requiring careful and adequate sampling to assure 
all patterns are included) or may have a complex com-
mingling of theses cell types throughout, leading to an 
intermediate ovoid cytologic appearance (21). 

 The most widely agreed upon and examined mor-
phologic criteria for evaluating the biologic potential of 
GISTs are tumor size and mitotic activity; the latter is 
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Pathogenesis 
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he condition termed  Barrett’s esoph-
agus  is defi ned by the presence of 
both endoscopic and histologic fi nd-
ings: First, a columnar-lined segment 
of the esophagus proximal to the 

gastroesophageal junction must be visible on endoscopy, 
and second, biopsies of this segment must show gob-
let cells within cardiac mucosa. Although this defi nition 
appears relatively straightforward, it is the end result of 
many decades of confusion and controversy, and the topic 
is still subject to much debate. 

 The concept of intestinal metaplasia of the dis-
tal esophagus is a modern phenomenon. It was not 
well described in anatomical or medical texts until the 
mid-20th century, when Allison reported, in 1948, the 
presence of a “heterotopic gastric mucosa membrane 
in the oesophagus” (1). In 1950, Barrett proposed the 
concept that an organ should be defi ned by its epithe-
lium, and since the esophagus, by this defi nition, ends 
at the squamocolumnar junction, the tubular columnar 
lined structure in the chest below the squamolumnar 
junction should be considered a tubularized stomach 
(2). In 1953, Allison challenged this concept by further 
describing the entity of an “esophagus lined with gas-
tric mucous membrane” (3). A few years later, Barrett 
came into agreement with Allison and considered the 
columnar lining of the esophagus to actually represent 
abnormal esophageal mucosa (4). Allison’s persuasive 

arguments were that the “intrathoracic tubular stom-
ach” showed no evidence of a peritoneal covering, the 
musculature of the tube was that of normal esophagus, 
there were islands of squamous epithelium existing 
within the columnar epithelium, there were no oxyntic 
cells within the columnar epithelium or gastric mucous 
glands in the mucosa, and typical esophageal submuco-
sal glands were present under the columnar epithelium. 
By these arguments the concept of a columnar lined 
esophagus began to crystallize, although at that time 
there were no histologic criteria used to defi ne Barrett’s 
esophagus. 

 The true etiology of the columnar lined esophagus 
unfolded over the next 50 years as its association with 
gastroesophageal refl ux disease (GERD) became more 
fi rmly established (5). In 1961, Hayward introduced 
the concept that refl ux-induced injury to the normal 
squamous epithelium of the esophagus could result in 
replacement of the distal esophagus with a columnar 
“junctional epithelium,” which in modern  terminology 
is termed  cardiac mucosa  (6). He hypothesized that this 
columnar metaplasia developed in order to provide better 
resistance to the acidic gastric contents  bathing the lower 
esophagus than that provided by normal squamous mu-
cosa. As this hypothesis was embraced, it  became critical 
to defi ne what was the normal epithelial histology at the 
junction between the esophagus and stomach. Hayward 
opined that the distal 1–2  centimeters of the esophagus 

 T
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was normally lined with junctional or cardiac mucosa. 
This led to a modifi cation of the defi nition of a colum-
nar lined esophagus by requiring the length of columnar 
epithelium to be 3 cm or greater to make the diagnosis 
(6). The metaplastic nature of this esophageal columnar 
lining was confi rmed by Bremner et al. in 1970, who 
showed in a canine model that a denuded segment of 
distal esophagus in the presence of acid gastric juice 
 regenerated as de novo columnar epithelium, and not 
from the migration of adjacent gastric epithelium (7). 

 Clarifi cation of the epithelial histology of Barrett’s 
esophagus started with the work of Paull et al., who 
reported in 1976 the presence of 3 different types of 
epithelium found in the columnar lined esophagus (8). 
They showed that the epithelial columnar lining could 
be junctional (cardiac), fundic (oxyntocardiac), or spe-
cialized (intestinalized cardiac) types. These investiga-
tors established for the fi rst time that the  columnar 
epithelium was not normal gastric mucosa, and they 
introduced the concept of intestinalized cardiac epi-
thelium could be found within the columnar segment. 
Further studies in the late 1970s established that a 
columnar lined  esophagus containing intestinal meta-
plasia had a malignant potential, which led to the em-
phasis of this histologic fi nding (9–11). In the 1980s, 
the histologic fi nding of intestinal metaplasia within 
the columnar lined esophagus (albeit when 3 cm or 
greater in length) became established as the defi nition 
of Barrett’s esophagus. 

 As endoscopic evaluation of the esophagus be-
came more commonplace and more sophisticated 
during the 1900s, it was recognized that normal indi-
viduals without GERD do not have a 2 cm columnar 
lined segment of distal esophagus, and that the nor-
mal esophagus is composed of squamous mucosa all 
the way down to the rugal folds of the stomach (12). 
It was also appreciated that any length of intestinal 
metaplasia of the distal esophagus was premalignant, 
and the 3 cm requirement for defi ning Barrett’s esoph-
agus was abandoned. Thus, the modern defi nition of 
Barrett’s esophagus today is a columnar lined segment 
of esophagus of any length visible on endoscopy with 
a biopsy showing intestinal metaplasia. Despite this 
clarifi cation, some residual terminology has persisted 
regarding the length of the intestinalized columnar 
segment in that it is still commonplace to make the 
distinction between short segment Barrett’s (<3 cm) 
and long segment Barrett’s (≥3 cm). Nevertheless, both 
short and long segment Barrett’s are considered patho-
logic and premalignant. Controversy exists, however, 
over the signifi cance of intestinal metaplasia at an en-
doscopically normal appearing gastroesophageal junc-
tion. This fi nding, termed  cardia intestinal metaplasia  
(CIM) is currently considered a separate entity from 
Barrett’s esophagus although there are increasing data 

that indicate that the pathogenesis of CIM is similar to 
refl ux-induced Barrett’s (13). 

 PATHOGENESIS 

 The pathogenesis of Barrett’s esophagus is currently 
hypothesized to be a 2-step process—columnarization 
of the injured distal esophagus with cardiac mucosa 
followed by the formation of goblet cells or intestinal 
metaplasia (Figure 5.1). It is unclear how long this pro-
cess takes, as it is uncommon for a clinician to follow 
a refl ux patient with cardiac mucosa for a long enough 
period of time and frequently enough with extensive bi-
opsies to identify the development of goblet cells. There 
is one unique clinical setting in which this can be ob-
served in an accelerated process. Some individuals who 
have undergone an esophagectomy and are reconstructed 
with a gastric pull-up have been noted by many inves-
tigators to develop columnar mucosa in the remnant 
cervical esophagus above the anastomosis. In some, 
this change was followed by the development of intes-
tinal metaplasia (14–18). Since the cardia was resected 
in these patients, it is likely that this process represents 
an exaggerated course of events seen in patients with 
Barrett’s. The composition of the refl uxate in these pa-
tients has been shown to be similar to that in patients 
with Barrett’s esophagus, with exposure of the normal 
squamous epithelium to a combination of acid and bile. 
In this setting, the 2-step process of intestinalization of 
the esophagus occurs in a predictable course and has 
been observed to occur over 5 to 10 years (14).   

FIGURE 5.1

Overview of the 2-step development of Barrett’s esophagus.
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 STEP 1: COLUMNARIZATION OF 
THE ESOPHAGUS 

 In discussing the columnarization of the distal esopha-
gus, one must fi rst defi ne the normal gastroesophageal 
junction, a topic of controversy in itself. Most com-
monly, this is defi ned endoscopically where the rugal 
folds of the stomach transition to the fl attened appear-
ance of the tubular esophagus. In the normal state, this 
location also corresponds with the squamocolumnar 
junction, where the salmon-red mucosa of the stomach 
transitions to the pearly white mucosa of the esopha-
gus. Microscopically, this represents the transition from 
normal squamous esophageal epithelium to the oxyntic 
mucosa of the stomach (19). 

 The pathogenesis of Barrett’s esophagus begins 
with injury to the normal squamous epithelium of the 
distal esophagus. Initially, this is thought to be secondary 
to repeated distension of the stomach with fatty meals 
of large volume that results in effacement of the lower 
esophageal sphincter and exposure of the distal esopha-
geal squamous epithelium to caustic gastric juice (Figure 
5.2) (20). This physiologic phenomenon has been well 
demonstrated by Fletcher et al., who showed that the in-
trasphinteric portion of the lower esophagus can unfold 
almost 2 cm in normal volunteers as the stomach dis-
tends (21). This portion of the lower esophagus subse-
quently becomes exposed to an unbuffered acid pocket 
that fl oats on a lipid layer after consumption of a fatty 
meal, resulting in injury to the squamous epithelium. The 
surface of the epithelium is damaged and causes a pro-
liferative response observed on microscopy as basal cell 
hyperplasia and loss of surface cornifi ed epithelial cells 
giving the impression of papillary elongation. Continu-
ing infl ammatory injury in this area of the lower esopha-
gus can cause permanent loss of the musculature of the 
lower esophageal sphincter, resulting in a mechanically 

defective and incompetent lower esophageal sphincter 
of short length and low resting pressure. With further 
loss of the gastroesophageal barrier, GERD can explode 
into the esophagus with resultant injury to progressively 
greater lengths of the squamous mucosa. This process 
continues up to a level where the luminal pH no longer 
causes epithelial injury. Endoscopically, this injury can 
be seen as erosive esophagitis, ranging from a subtle irri-
tation to circumferential loss of the superfi cial mucosa.   

 Injury to the squamous epithelium of the esopha-
gus can be observed with the electron microscopy prior 
to the microscopic and endoscopic changes. Tobey et al. 
have shown that exposure of esophageal squamous epi-
thelium to acid can result in dilated intercellular spaces, 
gaps that allow diffusion of molecules up to 20 kD in 
size through the multilayered squamous epithelium (22). 
It is hypothesized that these intercellular gaps have 2 
consequences. First, they allow acidic fl uid to permeate 
into the epithelial layer where nerve endings reside and 
give the sensation of heartburn. Second, these intercellu-
lar gaps may expose gastrointestinal stem cells to a lumi-
nal factor that stimulates differentiation into a columnar 
cell type. It is perhaps by this mechanism that a genetic 
switch occurs in the gastrointestinal stem cells that leads 
to columnarization of the esophagus. The identifi cation 
of this culprit molecule and its exact mechanism remain 
unknown; however, the events resemble a reversion to 
the fetal esophagus in which a fetal columnar epithelium 
is present. Further research into the pathogenesis of fetal 
esophageal development may eventually shed light on 
this process (5). 

 The resulting columnar metaplasia that develops in 
a previous squamous-lined esophagus appears as a layer 
of mucous secreting columnar cells termed  cardiac mu-
cosa . This is a truly metaplastic epithelium, for it does 
not exist at birth. It is a highly specifi c mucosa that arises 
to replace injured squamous epithelium and is believed 
to be an adaptive response to better tolerate exposure to 
refl uxing gastric juice (19). As would be predicted by the 
events leading to its formation, cardiac mucosa arises 
between the normal oxyntic mucosa of the stomach and 
the uninjured squamous mucosa of the esophagus. In the 
majority of cases, this process occurs in individuals who 
do not yet have bothersome symptoms of GERD, and as 
Chandrasoma and DeMeester point out, this process at 
a microscopic level may be as ubiquitous as anthracosis 
in the lungs or atherosclerosis in the arteries (5). The for-
mation of cardiac mucosa represents the fi rst step in the 
pathogenesis of Barrett’s esophagus; however, in most 
asymptomatic individuals, the length of this columnar 
esophagus is quite small, usually less than 1 mm, and 
progresses only slightly further with age (19). Initially, 
this process can be conceptualized as refl ux disease con-
fi ned to the sphincter (23). However, as the lower esoph-
ageal sphincter deteriorates with worsening injury and 

FIGURE 5.2

Gastric distention resulting in unfolding of the lower esopha-
geal sphincter and exposure of squamous mucosa to gastric 
juice.
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infl ammation, acid exposure increases more proximally 
in the esophagus, correlating with longer segments of 
cardiac mucosal metaplasia (20,24). 

 STEP 2: INTESTINALIZATION OF 
CARDIAC MUCOSA 

 Once metaplastic cardiac mucosa has developed in areas 
of injured squamous epithelium, there are divergent dif-
ferentiation pathways that may result (Figure 5.3) (5). 
First, cardiac mucosa can remain cardiac mucosa, ini-
tially in the form of foveoli or, more commonly, stabiliz-
ing as glandular mucosa. Second, cardiac mucosa may 
form parietal cells within it and become oxyntocardiac 
mucosa. Finally, cardiac mucosa may develop goblet 
cells and become intestinalized cardiac mucosa. This 
heterogeneity of the columnar lined esophagus was fi rst 
described by Paull et al. and has since been confi rmed 
by others (8). Chandrasoma et al. have demonstrated 
that the gastrointestinal stem cells within cardiac mu-
cosa that give rise to these different types of epithelium 
are sequestered in deep foveolar pits or in the neck of 
glandular units of cardiac mucosa (5). Presumably, the 
fate of cardiac mucosa to remain pure cardiac mucosa or 
give rise to parietal cells or goblet cells is due to differ-
ent genetic signals to the stem cells driven by a specifi c 
intraluminal milieu of the esophageal lumen.   

 Although the specifi c genetic signaling pathways 
involved in the transformation of squamous mucosa to 
cardiac mucosa are not known, genes involved in the 
formation of parietal cells and goblet cells have been 
identifi ed. In gastric fundic mucosa differentiation, the 
sonic hedgehog gene (SHH) has been shown to be criti-
cal in the differentiation and maintaining oxyntic mu-
cosa (25–27). In the normal gastrointestinal tract, SHH 
is expressed in signifi cant amounts only in the gastric 
fundus and body and appears to be directly responsible 
for the formation of oxyntic glands containing parietal 
cells. Presumably, activation of this genetic signal is also 
responsible for the differentiation of cardiac mucosa to 

 oxyntocardiac mucosa. Preliminary work appears to 
confi rm this  hypothesis, and in long segment Barrett’s 
esophagus the SHH gene has the highest expression dis-
tally near the stomach (where oxytocardiac mucosa ex-
ists) and  lowest expression proximally (where intestinal 
metaplasia  exists) (28). 

 The genetic signaling pathway involved in intesti-
nal differentiation appears to be driven by a different 
gene, CDX2. This gene is critical for the differentiation 
and maintenance of normal intestinal epithelium from 
the duodenum to the rectum (29,30). It is not expressed 
in the normal foregut except in the setting of intestinal 
metaplasia (31–33). During the pathogenesis of Barrett’s 
esophagus, CDX2 expression is low in cardiac and ox-
yntocardiac mucosa, but a 16-fold increase in expression 
occurs once goblet cells begin to appear (34). Further, 
within long segment Barrett’s, a gene expression gradient 
of CDX2 exists, with the highest expression in the proxi-
mal end, corresponding histologically to where the gob-
let cell density is highest, and the lowest expression in 
the distal end close to the stomach where the goblet cell 
density is the lowest (28,35). Thus the gene expression 
patterns of SHH and CDX2 are inversely related within 
the columnar lined esophagus; this indicates that differ-
entiation into intestinal metaplasia and oxyntocardiac 
mucosa are mutually exclusive processes (Figure 5.4).   

 Corresponding to the observed gene expression 
gradients of SHH and CDX2, the differentiation of 
cardiac mucosa within a segment of columnar lined 
esophagus into the 3 possible epithelia does not appear 
random. Intestinal metaplasia always develops at the 
proximal extent near the squamocolumnar junction, 
whereas cardiac and oxyntocardiac mucosa occur at the 

FIGURE 5.3

The different pathways of differentiation within the colum-
nar lined esophagus.

FIGURE 5.4

Heterogeneity of histology and gene expression in the co-
lumnar lined esophagus.
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distal extent near the gastroesophageal junction (8,36). 
Although the specifi c stimuli that direct expression of 
SHH and CDX2 to lead to this pattern of differentia-
tion has not yet been fully elucidated, there is emerging 
evidence that the interplay between bile acids and the 
pH in the esophageal lumen and cellular environment 
plays a critical role in determining which gene becomes 
activated (5) (Figure 5.4). 

 Clinical and experimental evidence strongly sup-
ports the role of bile acids in the pathogenesis of in-
testinalization. In vitro studies have demonstrated that 
CDX2 upregulation occurs in cells directly stimulated by 
exposure to bile acids, and this laboratory work is cor-
roborated by clinical experience (37). In a multivariate 
analysis of over 400 patients being evaluated for GERD, 
Campos et al. found that the strongest predictor for the 
presence of Barrett’s esophagus is abnormal exposure of 
the distal esophagus to bile (38). Another clinical study 
has shown that compared to acid exposure alone, the 
additional exposure to bile with acid increases the risk of 
Barrett’s esophagus over 300% (39). Interlinked to bile 
exposure is also the pH of the esophageal lumen and the 
intracellular environment, specifi cally the relationship to 
the pKa of the bile acids to the pH of the environment in 
which they exist (40–43). In patients with gastroesopha-
geal refl ux, there is in the esophageal lumen a pH gradi-
ent between a pH of <2 in the stomach to a pH of 5 to 
6 in the upper esophagus. This is due to the mixture of 
the refl uxed gastric juice with swallowed saliva (34,43). 
When the pH of the luminal milieu is above the pKa of 
bile acids (≥6), bile acids dissociate into salts and cannot 
cross the cell membrane. In contrast, when the pH is 
well below their pKa (<3), bile acids precipitate and also 
cannot cross the cell membrane. It is only when the pKa 
is near the pH of a weak acid, that is a pH of 3 to 5, that 
bile acids are nonpolar and soluble, allowing them to 
cross the cell membrane and presumably activate CDX2 
to drive intestinal metaplasia. Thus the highest expres-
sion of CDX2 and greatest concentration of goblet cells 
in a columnar lined esophagus occurs at the proximal 
portion of the Barrett’s segment (28,36). At this level, 

the luminal pH is between 3 and 5, the optimal range 
for bile acid to enter the cell. As for the specifi c factors 
contributing to SHH expression and differentiation of 
cardiac-oxyntic mucosa, there is evidence pH appears to 
play a critical role in its transcription as well, with more 
expression in an acidic environment (44). Further, the 
pattern of exposure to these factors may have an infl u-
ence. For example, Fitzgerald et al. have demonstrated 
in cell culture experiments that continuous versus pul-
satile exposure to acid can affect cell proliferation and 
differentiation (45). 

 CONCLUSION 

 In the normal gastroesophageal junction, the squamous 
lined esophagus abuts the oxyntic columnar epithe-
lium of the fundus of the stomach. The formation of 
Barrett’s esophagus in this setting is a 2-step process: 
replacement of the squamous cells with mucous se-
creting columnar cells and acquisition of goblets cells 
pathognomonic for intestinalization. With repeated 
and prolonged episodes of gastric distention, exposure 
of the intersphincteric mucosa of the lower esophageal 
sphincter to gastric juice results in injury to the squa-
mous epithelium, and the injured cells are replaced 
with cardiac mucosa. The infl ammatory injury results 
also in the loss of the lower esophageal sphincter in a 
distal to proximal direction and a creeping carditis up 
to a level in the esophagus at which the luminal pH no 
longer causes epithelial injury. Columnarization of the 
esophagus is subsequently followed by the formation 
of goblet cells within cardiac mucosa to complete the 
intestinal metaplasia process. A key gene responsible 
for this intestinal differentiation is CDX2, a gene in-
volved in maintenance of intestinal mucosa in the adult 
gastrointestinal tract that is not expressed in the nor-
mal foregut. Clinical and empiric evidence have shown 
that an interplay between pH and bile acids plays a 
profound role in the activation of CDX2 and the for-
mation of Barrett’s esophagus. 
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denocarcinoma of the esophagus 
that arises in the setting of Barrett’s 
esophagus is thought to develop as 
part of the metaplasia–dysplasia–
carcinoma sequence (Figure 6.1). 

This multistep process leading to the development of 
esophageal cancer involves genetic events that result in 
key abnormalities of cell cycle regulation, growth factor 
regulation, and intercellular adhesion mechanisms (1,2). 
Although high-grade dysplasia of Barrett’s esophagus is 
generally considered a precursor to invasive carcinoma, 
the endoscopic as well as histopathologic recognition of 
this lesion can be diffi cult. There is no one event nor an 
exact sequence of changes leading from Barrett’s meta-
plasia to adenocarcinoma rather an accumulation of 
these changes that seemingly is essential for cancer de-
velopment. Furthermore, a surveillance program based 
on current concepts of risk cannot have an impact on 
mortality from esophageal adenocarcinoma (3,4). To be 
effective, it will be necessary for surveillance programs 
to utilize more than just basic histology; perhaps molec-
ular markers can be for the identifi cation of those who 
are most at risk of progression to adenocarcinoma.   

 Other malignancies have inherited highly pen-
etrant mutations in key cancer susceptibility genes 
that are used to target those patients and their families 
needing premalignant therapy (e.g., familial adenoma 
polyposis syndrome; APC gene); however, progress in 

developing predictive biomarkers based on common so-
matic genetic abnormalities in “at-risk” tissues has not 
been as successful. In theory, neoplasia progresses by 
clonal evolution in which genetic instability generates 
variants on which natural selection acts, resulting in 
waves of clonal expansion, generation of new variants, 
and further selection (5). Therefore, early markers and 
those accumulated combinations of events heralding a 
more aggressive phenotype of metaplasia and low-grade 
dysplasia may help identify those patients most in need 
of early therapeutic strategies or at the very least more 
appropriate surveillance. 

 CELL OF ORIGIN? 

 The metaplastic conversion of the esophageal squa-
mous epithelium to a columnar-lined epithelium could 
arise from 2 potential types of cells. The more clas-
sical teaching was that differentiated cells underwent 
 transdifferentiation . Alternatively, metaplasia may de-
velop from the conversion of a  stem  or  pluripotent cell , 
meaning a cell with the capacity for unlimited or pro-
longed self-renewal (6,7). The origin of such a cell 
is not known—that is, whether the cell originates 
from the organ itself (interbasal layer of the epithe-
lium between the papillae) (8,9) or from circulating 
pluripotent stem cells and after repopulating sites of 

 A
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FIGURE 6.1

The accumulation of genetic defects leads to the development of esophageal adenocarci-
noma through the metaplasia-dysplasia-carcinoma sequence. (A) Koppert LB, Wijnhoven 
BP, van Dekken H, et al. The molecular biology of esophageal adenocarcinoma. J Surg 
Oncol. 2005;92(3):169–190. (B) Wijnhoven BP, Tilanus HW, Dinjens WNM. Molecular 
biology of Barrett’s adenocarcinoma. Ann Surg. 2001;(233)3:322–337. 
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infl ammation and injury could theoretically undergo 
metaplastic changes. Houghton et al. recently showed 
that bone marrow-derived cells might represent a 
potential source of epithelial cancers (10,11). Work-
ing with mice infected by a Helicobacter strain, they 
found that these bone marrow–derived cells were able 
to home, repopulate the chronically infl amed gastric 
mucosa, and contribute over time to metaplasia, dys-
plasia, and cancer development. Though no animal 
or human studies have demonstrated the presence of 
esophageal tumors arising directly from circulating 
stem cells, parallels to the fi nding of Houghton in mice 
with gastric cancer exist—such as a known correlation 
of esophageal cancer with the chronicity and severity 
infl ammation (12,13). Stem cell homing and differen-
tiation will undoubtedly be an intense area of study 
and potential progress in the diagnosis and therapy for 

Barrett’s esophagus during the next decade, particu-
larly if key events can be documented in metaplastic 
tissues that lead to tumorigenesis. 

 CLASSIFICATION OF MOLECULAR 
ALTERATIONS IN BARRETT’S 

 It is generally accepted that some of the many somatic 
mutations that accumulate over time can be found only 
in the patient’s tumor tissue. This would include epigen-
etic alterations like methylation of DNA sequences that 
through a multistep process silences the gene eventually 
resulting in cellular transformation and carcinogenesis 
(14). All of which leads the cell toward genomic insta-
bility and rendering the cell independent of regulated 
proliferation, apoptosis, and the capacity to metastasize, 

TABLE 6.1
Categories of Genes Involved in Tumorigenesis

Gene type Normal function How altered Abnormal function Examples in BE/EA

Proto-oncogenes These are dominant genes 
that act in signal transduc-
tion from extracellular 
stimuli to the nucleus and 
in regulation of gene expres-
sion. They also have a role 
in cell proliferation or 
inhibition of apoptosis.

• Mutation
• Amplification
• Translocation

Converted to oncogenes 
with unregulated, 
constitutive activity. 
This results in excessive 
stimulation of cell 
proliferation or prevention 
of apoptosis contributing 
to tumor formation

Growth factors
•  EGF,TGF-α 

(EGFR)
•  C-erbB2 (late 

event)
•  TGF-β (LOH 

18q21)
Oncogenes

• src

Tumor 
suppressor 
genes

Normal recessive cellular 
genes that primarily are in-
volved in cell proliferation, 
apoptosis, cell adhesion, 
and gene expression 
regulation. 

Genetic alteration:
• Mutation
•  Deletion of all 

or part of gene
Epigenetic alteration

•  Promoter 
methylation 
(silencing)

Because these are reces-
sive genes, both gene copies 
need to be inactivated for 
 tumorigenesis via prolif-
eration or prevention of 
apoptosis.

•  p53 + 17p LOH
• p16
• Rb
•  APC (EA &BE 

with HGD 
not BE)

• ?  FHIT

Mismatch 
repair genes

Genetic stability is 
assured by proper DNA 
repair via these normally 
functioning genes.

Contractions/expan-
sions of short repeat 
sequences (micro
satellites) can be 
found in these 
genes.

The mismatch repair defi-
ciency leads to a genome-
wide accumulation of 
mutations and specifically to 
proto- oncogenes and tumor 
 suppressor genes.

•  PMS1 & 
PMS2

•  MLH1, 
MSH2 & MSH6

•  MBD4 
(MED1)

Mitotic 
checkpoint 
genes

Regulate cellular mitosis, 
assuring chromosomal 
stability and that a correct 
number of chromosomes are 
replicated in cell division.

Inactivation via 
mutation of at least 
one copy having a 
dominant-negative 
effect

Inactivation of mitotic check
point genes results in chro-
mosomal instability and 
an abnormal chromosome 
 number (aneuploidy).

•  Cyclin D1 (early)
•  p27 (down 

regulated)
•  p21 (down 

regulated)

Abbreviations: BE = Barrett’s esophagus/metaplasia; EA = esophageal adenocarcinoma; LOH = loss of heterozygosity.
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though the number of mutations needed to transform or 
destabilize a cell is debatable and potentially infi nite—at 
least in variety of site mutations (15,16). Overall, gen-
etic instability leads to either chromosomal mutations 
or microsatellite instability in 4 basic types of genes 
that contribute toward tumorigenesis: proto-oncogenes, 
tumor suppressor genes, mismatch repair genes, and mi-
totic checkpoint genes (Table 6.1).   

 Early Molecular Events 

 Phenotype Signals 

 Barrett’s epithelium is characterized by the presence 
of goblet cells and the expression of intestinal mark-
ers such as MUC2, alkaline phosphatase, villin, and 
sucrase isomaltase (17–19). Barrett’s metaplasia may 
result from change in the activation status of a gene 
as a result of repetitive injury to that of an alternative 
phenotype. CDX1 and CDX2 are homeobox proteins 
that have integral roles in the development of normal 
intestinal epithelium and therefore may be important 
transcription factors in the development of metaplas-
tic epithelium in the esophagus (17,18,20). CDX2 ex-
pression arises in the proximal intestine and declines 
distally, whereas CDX1 expression arises in the distal 
intestine with overlap in the midgut (21). It is possible 
that injurious agents present in GERD activate ectopic 
expression of CDX1 through NF-κ signaling which, in 
turn, initiates the development of the intestinal pheno-
type. Wong et al. (22) found CDX1 mRNA and protein 
expression in all samples of Barrett’s metaplasia, but 
not in normal esophageal squamous or gastric body 
epithelia. The presence of CDX2 protein and mRNA 
has also been shown in Barrett’s metaplasia cells of the 
intestinal type in squamous epithelium of a proportion 
of patients with Barrett’s metaplasia, and in esophageal 
adenocarcinoma (20,23). Furthermore, several infl am-
matory cytokines through NF-κB signaling are impli-
cated in Barrett’s progression in patients, and these 
same cytokines, as well as conjugated bile salts, were 
also found to increase CDX2 mRNA expression  in 
vitro  through NF-κB signaling (24,25). 

 Cell Cycle and Proliferation 

 Cell cycle regulatory genes known to be implicated in 
esophageal adenocarcinoma development include p16 
(CDK inhibitor) and cyclin D1(CD1). Inactivation of p16 
located on chromosome 9p or the overexpression of CD1 
promote hyperphosphorylation of the retinoblastoma pro-
tein (Rb); phosphorylation inactivates Rb and stimulates 
proliferation via the cell cycle and the transition between 
phase G1 to S (Figure 6.2) (26). In organized epithelia, 
downregulation of CD1 expression is necessary for or-

dered differentiation—preventing unchecked proliferation 
(27). Hyperproliferation has been consistently observed in 
Barrett’s metaplasia by many assays, including immuno-
histochemistry staining for division markers such as pro-
liferating cell nuclear antigen (PCNA) and Ki67, and fl ow 
cytometry for DNA content (28–31). In Barrett’s esopha-
gus, CD1 has been proposed as an earlier or end-point bio-
marker for cancer development because histochemically 
assessed cyclin D1 overexpression has been documented in 
Barrett’s esophagus and esophageal adenocarcinoma (32). 
Prospective analysis has shown that Barrett’s metaplasia 
patients with cyclin D1 overexpression were at increased 
risk of cancer development compared to patients in whom 
this expression was normal (32). 

 CDK Inhibitors (p16 and p27) 

 Due to a loss of control over the cell cycle, most nota-
bly through p16 lesions, a selection bias is conferred to 
a cell resulting in clonal expansion thus permitting the 
affected cells to grow and spread within Barrett’s seg-
ments. Subsequently, these clones accumulate further ge-
netic abnormalities that confer proliferative and survival 
advantage over normal cells and progress to esophageal 
adenocarcinoma (5,33). Many alterations of p16 are 
commonly observed in Barrett’s metaplasia and include 
loss of heterozygosity, sequence mutation, and methyla-
tion of the promoter (29,34,35). Because the inactiva-
tion of 1 allele occurs in 85% to 90% of patients, the 
prognostic signifi cance of p16 is not likely to be too im-
portant, but its presence in metaplastic tissues maybe an 
important early marker (33,36,37). 

 Similarly, over 80% of esophageal adenocarcinoma 
demonstrates low protein levels of another CDK inhibitor 

FIGURE 6.2

Cell cycle regulatory genes known to be implicated in esoph-
ageal adenocarcinoma development.
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and tumor suppressor gene, p27, paradoxically despite 
increased mRNA, potentially through posttranscriptional 
regulation of the gene (38). That is, for p27 to arrest the 
cell cycle it must be localized to the nucleus while at least 
50% of high-grade dysplasia (HGD) reported by Singh et 
al. (38) had cytoplasmic localization of the protein. This 
loss of localized staining for p27 correlated with higher 
histologic grade, depth of invasion, lymph node metasta-
sis, and shorter survival. Therefore for p27 to be a valuable 
marker, one must understand its localization and post-
translational status—adding another layer of complexity 
to any diagnostic schema (i.e., in situ hybridization). 

 Cyclooxygenase-2 

 As alluded to before, infl ammation, proliferation, and 
mutagenesis go hand in hand. Cyclooxygenase-2 (COX-
2) is an enzyme normally found in the kidney and brain 
with inducible expression in most other tissues, includ-
ing the esophagus, during infl ammation in response to 
interleukins, cytokines, hormones, growth factors, and 
tumor promoters (13,39). Prostaglandins (PGE2) are 
implicated in carcinogenesis because they prolong the 
survival of abnormal cells by inhibiting apoptosis, but 
accumulated genetic changes result. Prostaglandins also 
directly increase cell proliferation while promoting an-
giogenesis and invasion and can induce tumor resistance 
to localized host immune responses (40). 

 Expression of COX-2 in the distal esophagus has 
been shown to be highly correlative with the amount of 
acid exposure based on pH monitoring, and though, the 
normal esophagus demonstrates COX-2 expression, its 
expression was found to be signifi cantly increased in Bar-
rett’s metaplasia and even more in HGD and esophageal 
adenocarcinoma (41–43). Expression of COX-2 might 
be of prognostic value in esophageal adenocarcinoma as 
the COX-2 immunoreactivity in cancer tissues showed 
that patients with high COX-2 expression were more 
likely to develop distant metastases and local recurrence 
and had signifi cantly reduced survival rates when com-
pared to those with low expression (44). Recent data also 
suggest that COX-2 may be an early marker associated 
with refl ux that can regress toward normal after refl ux 
surgery (43). Together, these data illustrate how chronic 
infl ammation can contribute to the carcinogenesis pro-
cess in the gastrointestinal tract, but the prognostic value 
of overexpression of COX-2 in Barrett’s metaplasia has 
not been documented in prospective studies (45). To this 
end, the ASPECT Trial, a phase III randomized study of 
aspirin and esomeprazole chemoprevention in Barrett’s 
metaplasia, is a European, multicenter, randomized con-
trolled trial of low- or high-dose esomeprazole with or 
without low-dose aspirin that should help elucidate the 
utility of COX-2 chemoprevention strategies in halting 
the progression toward cancer (46,47). 

 Progression of Dysplasia 

 Avoiding Apoptosis 

 The Bcl-2 family of proto-oncogenes blocks apoptosis 
(48). It was found to be increased in refl ux esophagitis, 
nondysplastic Barrett’s and low-grade dysplastic Barrett’s 
epithelium, but low or virtually absent in high-grade dys-
plasia and carcinomas (49–51). It has been proposed that 
an apoptotic balance must be upset for transformation of 
metaplasia to adenocarcinoma, such that the cell switches 
toward an antiapoptotic phenotype due to increased 
Bcl-xl and decreased Bax expression (51,52). Inhibition 
of apoptosis by overexpression of Bcl-2 protein occurs 
mainly early in the neoplastic progression and later di-
minishes perhaps due to loss of normal cellular processes 
as tumor cells take on more mutations. Therefore, as 
malignancy appears, cells acquire other ways of avoid-
ing apoptosis (i.e., p53—see later this section). For ex-
ample, Bcl-xl expression demonstrated early progression 
in the metaplasia to low-grade to high-grade dysplasia 
sequence without further expression in adenocarcinoma 
(27%, 60%, 71%, and 59%, respectively) (53), and loss 
of expression was associated with poor survival (52). 

 Telomere shortening characterizes the normal, al-
beit limited life span of somatic cells as compared to cells 
that are not subject to replicative senescence like germ 
line cells and stem cells. Telomerase is a ribonucleopro-
tein enzyme complex that restores and maintains telo-
mere length by the addition of telomeric sequences to 
chromosome ends. Telomerase activation is associated 
with increased expression of the telomere reverse tran-
scriptase catalytic subunit (hTERT) that has been shown 
to be upregulated in Barrett’s metaplasia, dysplasia, and 
adenocarcinoma, as compared to normal tissue (54). Al-
though the prognostic signifi cance of this has been con-
tested (55), the majority of esophageal adenocarcinomas 
and high-grade dysplasia biopsies contained high levels 
of telomerase RNA, the greatest increase occurred during 
the transition from low- to high-grade dysplasia (56). 

 The tumor suppressor gene p53 has several critical 
functions within the cell, the most important is its role 
in signaling cells for repair or apoptosis, the so-called 
guardian of the genome (57). The p53 gene at chromo-
some 17p13 encodes a protein that monitors the integ-
rity of the genome and halts cell cycle progression at 
G1 (via p21) if the genome is damaged, allowing time 
for DNA repair. When DNA damage occurs and p53 
is functioning correctly, it leads to cell cycle arrest to 
allow for DNA repair or apoptosis if the damage is ex-
cessive (tetraploidy and aneuploidy—see next section). 
Loss or a mutation of p53 is probably the most common 
single genetic change in all cancers, including esophageal 
adenocarcinoma (31,58,59). Loss of heterozygosity of 
the p53 locus has been found in 75%–80% of esopha-
geal adenocarcinomas as well as in 79% of patients 
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with high-grade dysplasia, 42% of low-grade dyspla-
sia, and 14% of Barrett’s metaplasia (31). Mutations of 
p53 were found in 29%–66% of patients with Barrett’s 
metaplasia and low-grade dysplasia and in 40–88% with 
high-grade dysplasia/adenocarcinoma31,60. 17p loss of 
heterozygosity analysis performed on endoscopic biop-
sies identifi ed patients with Barrett’s esophagus at risk 
of neoplastic progression within surveillance programs; 
therefore, it could supplement histology in determining 
the frequency that surveillance endoscopy should be 
performed (31,61,62). Reid et al. (31) found patients 
with p53 loss of heterozygosity to be at increased risk 
for progression to adenocarcinoma, high-grade dyspla-
sia, increased 4N, and aneuploidy. In conclusion, there 
is clear evidence that p53 gene alterations are early and 
frequent events associated with malignant transforma-
tion of Barrett’s esophagus. 

 Loss of Heterozygosity and Aneuploidy 

 As discussed above, loss of heterozygosity is a strong and 
signifi cant predictor of progression to esophageal cancer 
as well as to surrogate endpoints, including increased 
4N, aneuploidy, and high-grade dysplasia, in Barrett’s 
esophagus. The chromosomal regions most commonly 
lost in the early stages of the M-D-A progression are 5q 
(APC), 9p (p16), 13q (Rb), 17p (p53) and 18q (DCC) 
(61,63,64). Increased tetraploid DNA and aneuploid 
DNA content detected by fl ow cytometry refl ect abnor-
mal proliferative capacity (30). In Barrett’s epithelium, 
chromosome number abnormalities are associated with 
progression to dysplasia and rarely occur in normal tis-
sue. Its predictive value has been extensively studied by 
the Seattle group, who have shown in prospective studies 
that tetraploidy is a strong and signifi cant predictor of 
progression to aneuploidy, dysplasia, and cancer (29–31). 
The 5-year cumulative incidence of cancer was 28% in 
patients with Barrett’s metaplasia with either aneuploidy 
or tetraploidy, compared to 0% in those with normal cy-
tometric results. Based on these results, the Seattle group 
has included fl ow cytometry analysis in its assessment 
protocol of Barrett’s esophagus patients and offers an-
nual endoscopic surveillance to those with cytometry ab-
normalities detected, even if no HGD is present. 

 The most consistent numerical chromosomal abnor-
malities found in early cytogenetic studies of dysplastic 
Barrett’s mucosa and adenocarcinoma comprised a loss 
of the Y-chromosome, in 31%–93% of tumors (65–67). 
Frequent structural rearrangements in esophageal adeno-
carcinomas were found in the 1p, 3q, 11p-13, and 22p 
regions. Doak et al. (68) showed chromosome 4 and 8 hy-
perploidy to represent the earliest and most common al-
terations identifi ed using tissue from endoscopic cytology 
brushings (metaplasia 89% and 71%, low-grade dyspla-

sia 90% and 75%, high-grade dysplasia 88% and 100%, 
carcinoma 100% and 100% respectively). Croft et al. 
(69) also found certain chromosome changes to be absent 
in low-grade dysplastic lesions, whereas a large amount 
of widespread instability was present in high dysplastic 
lesions (chromosome 4 amplifi cation) and adenocarcino-
mas (with chromosome 8 amplifi ed most frequently). 

 Later Alterations: Invasion and Metastases 

 Cell to Cell Adhesion Genes 

 Reduced cell–cell adhesion promotes growth of epithe-
lial cells as contact inhibition of proliferation is lost. A 
potential crucial step toward invasion and metastases 
involves dysregulation of cell adhesion molecules. The 
cadherins, E-cadherin-catenin complex (E-cadherin), 
belong to a family of calcium-dependent cell adhesion 
molecules that form part of the adherens junction com-
plex providing tight adhesions between epithelial cells. 
One of the earliest recognized molecular events in the 
progression of Barrett’s esophagus to cancer was that 
E-cadherin expression was reduced in both Barrett’s 
esophagus and esophageal adenocarcinoma and corre-
lated with a greater frequency of lymph node metasta-
sis and worse prognosis (70,71). Epigenetic silencing by 
aberrant methylation of the E-cadherin promoter seems 
to be a common cause of inactivation in adenocarcino-
mas, more so than gene mutation (72). Another com-
ponent of the adherens junction complex, b-catenin, is 
known to have an important role in cell-signaling (73). 
The b-catenin protein can translocate to the nucleus, 
where it complexes with the transcription regulator 
proteins to activate transcription of oncogenes includ-
ing c-myc and cyclin D1. However, oncogene activa-
tion is limited by the normal function of the APC gene 
product that normally targets b-catenin for degradation 
(74). Nuclear and cytoplasmic instead of membranous 
b-catenin localization has been described to occur fre-
quently in esophageal adenocarcinomas (75,76). 

 The CD44 gene produces a variety of glycosyl-
ated cell surface proteins that are involved in cell–cell 
adhesion and matrix interactions. Several reports have 
focused on the expression of certain splice variants of 
this large 20 exon gene in esophageal adenocarcinoma. 
CD44V6 was detected by immunohistochemistry in up 
to 63% of adenocarcinomas and was associated with 
more aggressive pathological features (77,78). 

 The cysteine protease cathepsin B (CTSB) gene 
codes for a lysosomal enzyme that has been shown to 
be both overexpressed and to exhibit altered localization 
in cancers (79). Overexpression or altered localization of 
CTSB is thought to result in degradation of the basement 
membrane facilitating tumor invasion and metastasis. 
Characterization of CTSB in esophageal adenocarci-
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nomas demonstrated that it was amplifi ed and overex-
pressed (80,81). Other mechanisms (posttranslational) 
in addition to gene amplifi cation may be important with 
regard to CTSB because gene amplifi cation and mRNA 
expression were found in less than 25% of tumors, while 
protein staining was detected in 75% of tumors (82). 
These data support an important role for CTSB gene am-
plifi cation and CTSB protein overexpression in invasive 
esophageal cancers. 

 CONCLUSION 

 The dramatic increase in esophageal adenocarcinoma 
incidence over the last few decades has stimulated re-
search interest in the earliest molecular phases of its 
development. The most important genetic events in 
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nimal models are great tools for re-
search on human diseases. An ideal 
animal model should recapitulate 
the disease in humans in etiology, 
pathogenesis, and molecular fea-

tures. Animals should be reasonably easy to maintain, 
be of suffi cient size to provide enough samples for analy-
sis, be affordable, and survive long enough for experi-
mental observation. It is expected that any single model 
system has its limitations, or there is no perfect animal 
model. Therefore, multiple models are desired to meet 
the needs of various research on mechanism, prevention, 
and therapy of the disease in humans. These principles 
apply to the case of animal models of Barrett’s esopha-
gus (BE) and esophageal adenocarcinoma (EAC). Read-
ers are encouraged to refer to recent review articles on 
this subject (1–3). 

 SELECTION OF ANIMAL SPECIES 

 The human esophagus is covered with non-keratinized 
stratifi ed squamous epithelium containing submucosal 
glands. Histology of the esophagus is a critical issue to 
consider for developing an animal model of BE. Most 
commonly used laboratory animals have stratifi ed 
squamous epithelium in the esophagus, except zebra-
fish. Two histologic features need to be taken into con-

sideration: submucosal glands and the keratinization 
status of the squamous epithelium. Submucosal glands 
normally secrete mucus for protection of the epithelium 
against gastroesophageal refl ux. Studies on both human 
tissues and animal models have suggested that the neck 
of submucosal glands may contain so-called esophageal 
stem cells, which may be a cellular origin of BE (4). Ke-
ratinization indicates terminal differentiation necessary 
for protection of the esophagus from mechanical and 
chemical injuries. 

 Rodents, especially rats (e.g., Sprague-Dawley, 
F344, Wistar), are the most commonly used animals 
to study BE and EAC. This is mainly because surgery 
on the rat esophagus is relatively easy to perform. Rats 
are highly susceptible to BE and EAC induced by refl ux 
of small intestinal contents, or combined refl ux of both 
gastric and small intestinal contents. Refl ux of gastric 
contents alone has never been reported to induce BE in 
rats. Nevertheless, the histologic structure and pathol-
ogy of the rat esophagus are dissimilar to those of the 
human esophagus in the following aspects: (a) there are 
no submucosal glands in the rat esophagus; (b) there is 
marked keratinization in the squamous epithelium of 
the rat esophagus; (c) the normal rat esophagus often 
shows endophytic epithelial ingrowths that invade the 
lamina propria of the mucosa but never extend through 
it, and should not be regarded as precancerous lesions; 
(d) esophageal papilloma is frequently seen in the rat, 

 A
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but rarely in humans; and (e) rat esophageal carcinomas 
almost never metastasize (5). 

 The mouse esophagus is very similar to the rat esoph-
agus in histology. The major advantage of mice is the po-
tential of genetic modifi cations for mechanistic studies. 
However, the mouse esophagus may respond to gastro-
esophageal refl ux and carcinogens in a different way than 
the rat esophagus (6,7). Therefore, caution should be taken 
when a rat model is translated into a mouse model of BE. 

 Dogs, cats, pigs, rabbits, and opossums have been 
used to study mechanism and therapy of gastroesopha-
geal refl ux disease (GERD) and BE. These animals have 
non-keratinized stratifi ed squamous epithelium in their 
esophagi. Dogs, pigs, raccoons, guinea pigs, and opos-
sums also have submucosal glands (8). Despite ana-
tomic differences from humans, dogs and pigs are very 
similar to humans in gastrointestinal physiology. They 
have been used extensively as gastrointestinal models 
for nutritional studies. Pigs, especially miniature pigs, 
may be even better model animals than dogs because 
of closer anatomic similarities to humans, better accep-
tance by the public, and lower cost of maintenance. In 
large animals, disease progression can be monitored by 
endoscopy and biopsy. Their esophagi are big enough to 
provide multiple samples for pathologic and molecular 
analysis. Moreover, gastroesophageal refl ux and hiatal 
hernia are seen in dogs and cats (9,10). Pigs also suffer 
from GERD and stress ulceration of the esophagus (11). 
Even metaplastic columnar esophageal epithelium has 
been reported in cats as a complication of GERD (12). 

 Different strains of the same species may vary sig-
nifi cantly in their susceptibility to BE induced by refl ux 
surgery and/or genetic manipulations. This is especially 
true when mice are used for model development. 

 SELECTION OF EXPERIMENTAL METHODS 

 Genetic modifi cations have not yet successfully induced 
BE in animals. Esophagus-specifi c transgenic overexpres-
sion of CDX2, an intestinal transcription factor, failed 
to produce intestinal metaplasia in the mouse esophagus 
according to Dr. Anil Rustgi (University of Pennsylva-
nia, personal communication). 

 Surgery is still the most commonly used method 
for creating refl ux of gastric and/or small intestinal 
contents into the esophagus. Various surgical proce-
dures and modifi cations have been designed to induce 
GERD, BE, and EAC by gastric refl ux, small intestinal 
refl ux (bile refl ux and pancreatic refl ux), or combined 
refl ux. Although rats were used in most previous stud-
ies, mice and large animals are also suitable for sur-
gery. Nitrosamines (e.g., methyl-n-amylnitrosamine, 
2,6-dimethylnitrosomorpholine, methylbenzylnitrosa-
mine, diethylnitrosamine), or medications (e.g., pen-

tagastrin) can be combined with surgery to enhance 
carcinogenesis. However, nitrosamines alone tend to 
induce esophageal squamous cell carcinoma (ESCC), 
not EAC. A combination of refl ux surgery and nitrosa-
mine produces ESCC, EAC, and adenosquamous car-
cinomas (13,14). Interestingly, dietary zinc defi ciency 
induces glandular metaplasia in the mouse esophagus 
(15). Although no goblet cells are present, it does sug-
gest that zinc may play a critical role in transdifferen-
tiation of esophageal epithelial cells. 

 Esophageal mucosal stripping in dogs induces re-
generation of squamous epithelium only. However, cre-
ation of gastroesophageal refl ux and stimulation of acid 
secretion in addition to mucosal stripping predominantly 
induces regeneration of columnar epithelium. Continu-
ity of the regenerated columnar epithelium with ducts 
of submucosal glands suggests the submucosal gland as 
the cellular origin (16,17). Anti-refl ux surgery and ant-
acid therapy with Omeprazole allow regeneration of 
squamous islands in columnar epithelium (17). Unfortu-
nately, goblet cells, which are diagnostic of BE, are not 
observed in these studies. Nevertheless, this procedure 
has the potential of inducing BE in the dog esophagus 
after a long period of refl ux, or when used in combina-
tion with other procedures. 

 Esophagoduodenostomy (also called  esophago-
duodenal anastomosis (EDA) ) in rats was developed 
by Dr. Tom DeMeester’s group (University of Southern 
California) (13). At 22 weeks after surgery, EDA itself 
produced EAC in 7% rats and benign diffuse papillo-
matosis in 50% rats, but did not induce ESCC. Addition 
of a nitrosamine increased the incidences of both ESCC 
(~40%) and EAC (~30%). Most rat tumors showed both 
ESCC and EAC with nests of cells producing keratin in 
one area and mucin in another. Only a small percentage 
of tumors were pure, well-differentiated EAC (14,18). 
When we adapted this model in our lab (19), rats devel-
oped BE, BE with dysplasia, and EAC at a low incidence 
rate (~10%). However, when iron (50 mg Fe/kg/month, 
i.p.) was administered to the animals to alleviate the 
postoperative iron-defi ciency anemia, the incidence of 
EAC dramatically increased to 73% at 30 weeks after 
surgery. Similar to EDA, esophagojejunostomy also in-
duces BE and EAC in rats and mice. 

 We further modifi ed the EDA procedure by making 
an anastomosis between the gastroesophageal junction 
and the duodenum. This procedure, known as  esopha-
gogastroduodenal anastomosis (EGDA),  produces BE 
and EAC in rats without major nutritional complications 
and severe large-area esophagitis, which are unwanted 
effects of the EDA procedure (20). Compared with the 
other procedures, EGDA has several advantages: (a) it 
allows food to pass through the normal alimentary tract, 
and the EGDA rats have normal stomach function and 
normal nutritional status; (b) there is substantial refl ux 
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of both gastric and duodenal contents into the esopha-
gus; and (c) recirculation of bile through the stomach 
raises the antral pH, thus resulting in gastrin release by 
the antral G cells. Gastrin is known to have a trophic 
effect on the gastrointestinal epithelium by encouraging 
the growth of esophageal carcinoma. 

 Duodeno-forestomach refl ux may also induce BE 
without disturbance to the anti-refl ux mechanism of 
the lower esophagus. Miwa et al. observed an incidence 
ESCC of 18% rats at 50 weeks after the surgery. Al-
though they did not observe any EAC, the authors sug-
gested that EAC might appear if the esophagus was 
exposed to refl uxate for a longer period of time (21). 
Pancreaticoesophageal refl ux procedures and bilio-
esophageal refl ux procedures were designed to examine 
the effects of pancreatic juice or bile on rat esophagus, 
respectively (22–24). It appears that pancreatic juice is 
carcinogenic, while bile exerts a co-carcinogenic effect 
when combined with pancreatic juice. 

 Several other procedures have also been reported 
to produce refl ux in animals, e.g., Wendel cardioplasty, 
pyloplasty, gastrectomy, cardiectomy. These procedures 
may be combined with procedures, such as Roux-en-Y 
reconstruction, to manipulate the refl ux constituents in 
the esophagus (25,26). 

 Recently, 2 interesting procedures have been re-
ported in the literature: external esophageal perfusion 
and heterotropic transplantation (27,28). In the perfu-
sion model, rat esophagus was cannulated at the upper 
esophagus and connected to a subcutaneous osmotic 
micropump to perfuse the esophageal lumen with bile 
and/or acid. In the transplantation model, a piece of 
rat esophagus was transplanted into the stomach or the 
duodenum to induce transdifferentiation into the gas-
tric or duodenal phenotype. Because of their unique fea-
tures, these newly developed procedures hold promises 
in studying mechanism of BE. 

 RAT MODEL 

 Pathologic phenotypes of rat surgical models are simi-
lar to each other. We have systematically compared the 

phenotype of the rat EGDA model to human BE and 
EAC (29). At week 40 after EGDA, BE, dysplasia, and 
EAC were found in 53.5%, 34.9%, and 25.6%, of 43 
rats, respectively. Iron supplementation (4 mg Fe/kg/
week, i.p.) greatly promoted esophageal lesions and 
increased the tumor incidence to 53.7%. Careful char-
acterization has demonstrated that rat EGDA model 
mimics human carcinogenesis in 3 consecutive histo-
pathologic stages (Figure 7.1): 

 1.  Infl ammation stage: Normal esophageal squamous 
epithelium develops GERD as a result of chronic 
refl ux. At this stage, the esophageal epithelium is 
covered by squamous epithelium which expresses 
squamous differentiation markers. 

 2.  Metaplasia/precancerous stage: Squamous epithelial 
cells undertake intestinal metaplasia to develop mul-
tilayered epithelium and BE. At this transition stage, 
esophageal epithelial cells start to lose squamous dif-
ferentiation markers, and begin to express columnar 
differentiation markers. The esophageal epithelium 
consists of a mixture of squamous epithelial cells and 
columnar epithelial cells. 

 3.  Dysplasia/cancer stage: Columnar epithelial cells be-
come dysplastic, and fi nally develop adenocarcinoma.   

 Multilayered epithelium consists of 4 to 8 layers 
of cells that show squamous differentiation in the basal 
portion and columnar differentiation in the superfi cial 
layers at the neo-squamocolumnar junction, and occa-
sionally in the mid-esophagus. 

 The occurrence of intestinal metaplasia, which is 
defi ned by the presence of goblet cells in the esopha-
gus, characterizes BE. Multilayered epithelium and BE 
in rats resemble the lesions in human BE in morphol-
ogy, mucin features, and expression of differentiation 
markers (keratin 7, keratin 20, Das-1, villin and tre-
foil factor 1). Invasive EAC in EGDA rat is observed 
as well-differentiated mucinous adenocarcinoma. 
Both in rat and human BE and EAC, p53, c-myc, and 
cyclooxygenase 2 are overexpressed. These similari-
ties make the EGDA rats a useful model of human BE 
and EAC. 

FIGURE 7.1

Pathologic progression of esophageal adenocarcinogenesis in the rat EGDA model.
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 Many studies have been conducted with rat surgical 
models by us and others to understand the mechanism, 
prevention, and therapy of BE and EAC. Small intestinal 
contents are believed to be the primary causative fac-
tor, in conjunction with gastric contents (26,30). Using 
 lacI  transgenic rats and the EDA model, bile refl ux was 
found to generate gene mutations mainly at the CpG 
dinucleotides in the form of C to T or G to A transi-
tions. This pattern of gene mutation is similar to  p53  
mutations in human EAC (31). Dietary or tobacco car-
cinogens, iron supplementation, high-fat diet, antacid 
therapy, and certain intestinal microfl ora may modulate 
the disease process in rats (19,20,26,32–36). Accumu-
lation of p53 and gene overexpression (e.g., cyclin D1, 
inducible nitric oxide synthase, cyclooxygenase 2, mi-
crosomal prostaglandin E synthase 1, prostaglandin E 
receptors, 5-lipoxygenase, leukotriene A4 hydrolase, 
and EGFR/ErbB2) are associated with the progression of 
the disease (25,29,37–43). Gene microarray studies have 
identifi ed altered expression of many genes in rat tumor, 
upregulation of the DNA damage pathway and the in-
terleukin 6 signaling pathway, and downregulation of 
the DNA mismatch repair pathway (44–47). Using pro-
teomic technique, we have reported overexpression of 
proteins (e.g., glucose-regulated protein 94) in rat tumor 
in a way similar to human cancer (48). 

 Oxidative stress and aberrant arachidonic acid 
metabolism are critical in the development of EAC, 
and agents targeting these pathways have chemo-
prevention effects on the development of rat tumor 
(14,39–41,48–54). Other agents, such as difl uorometh-
ylornithine, nordihydroguaiaretic acid, curcumin, su-
peroxide dismutase, thioproline, and combinations of 
different agents have also shown more or less chemo-
preventive effects on rat EAC (39,41,55–57). Biliary 
diversion for rats with surgically induced BE prevents 
the development of EAC, although it does not lead to 
regression of BE. It suggested that bile refl ux is a major 
promoting factor of carcinogenesis and may be a fac-
tor to deal with for treatment of BE and prevention of 
EAC (58). 

 In order to further understand the mechanism of 
BE, we have recently examined the expression patterns 
of transcription factors and differentiation markers of 
squamous epithelium and columnar epithelium on serial 
paraffi n sections of rat esophagi with immunohistochem-
istry. Several transcription factors and differentiation 
markers of squamous epithelium (p63, Sox2, K14, K4, 
loricrin) are found to be expressed in the squamous 
epithelial cells, but progressively lost during intestinal 
metaplasia. Meanwhile, several other transcription fac-
tors and differentiation markers of columnar epithelium 
(CDX1, CDX2, GATA4, HNF1α, and villin) appear in 
columnar epithelial cells, and eventually fully expressed 
in BE. Consistent with these fi ndings in the rat model, 

similar expression patterns of these transcription factors 
and differentiation markers are observed during intes-
tinal metaplasia in human esophageal biopsy samples 
(unpublished data). These data suggest that squamous 
de-differentiation and columnar differentiation may be 
the mechanism of intestinal metaplasia of the esophagus 
in rats. Pluripotent stem cells in the esophageal squa-
mous epithelium are very likely a cellular origin of intes-
tinal metaplasia (59) (Figure 7.2).   

   MOUSE MODEL 

 Mouse models of BE may offer great advantages over 
the rat models. Many genetically modifi ed mouse lines 
are readily available for investigating the functional roles 
of specifi c genes in the development of BE. Experiments 
with mice are likely more economic than those with rats 
and large animals. 

 Esophagojejunostomy has been used in mice to in-
duce BE and EAC (7). In Swiss-Webster mice, surgery 
alone induced BE in 42% of mice at 19 weeks after sur-
gery. When combined with a nitrosamine, it induced BE 
in 20% of mice. It was surprising that carcinogen treat-
ment alone induced BE in 12.5% of mice. Some animals 
developed EAC, ESCC, or adenosquamous carcinoma. 
Signifi cant promotion of BE and EAC by loss of  p27  was 
observed using this model in  p27 -/-   mice 60. Flavopiri-
dol, a cyclin-dependent kinase inhibitor, had preventive 
effects on both BE and EAC in this model (61). 

 With this procedure in mice, loss of  p53  seemed to 
enhance carcinogenesis (62), although this study was in-
conclusive because of the small number of animals used. 
We performed EGDA on  p53-/-  mice. However, 28 of 32 
operated mice died within 20 weeks after surgery and 
most within 8 weeks, due to spontaneous lymphomas or 
sarcomas. All of the 4 mice that survived 20 weeks after 
surgery developed visible tumors (63). 

 Several other mouse lines with genetic defects 
have been tested, such as  APC Min/+   mice,  iNOS  knock-
out mice,  COX-2  knockout mice, and  arginase  knock-
out mice (personal communications). In a recent study, 
we performed EGDA with or without gastrectomy on 
wild-type,  p53 A135V   transgenic, and  INK4a/Arf   +/-   A/J 
mice. After surgery, some mice were further treated with 
Omeprazole or intraperitoneal iron supplementation for 
20, 40, or 80 weeks. To our surprise, none of these mice 
developed EAC, and many developed ESCC instead. 
Consistent with this observation, only scattered muci-
nous cells were observed in the squamous epithelium of 
mouse esophagus, but not the multilayered epithelium or 
full-blown BE that was reported in the rats,  p53 -/-   C57BL 
mice, and wild-type or  p27 -/-   Swiss-Webster mice. This 
experiment suggests that genetic background may play a 
critical role in developing BE and EAC in mice. 
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 Several issues need to be considered: (a) early death 
due to genetic defects, such as spontaneous tumor devel-
opment of  p53 -/-   mice and renal insuffi ciency of  COX-2  -/-  
mice, may not allow long-term studies; (b) mouse surgery 
is technically challenging because of the small size of the 
mouse esophagus; (c) certain genetically modifi ed strains 
do not breed well, and it may take a long period of time 
to breed compound mutant mice. 

 Although a genetic mouse model of BE is cur-
rently not available yet, it is still highly feasible if the 
genetic background and target genes are properly se-

lected. It is known that embryonic esophageal epithe-
lium of  p63  -/-  mice appear columnar containing both 
ciliated and goblet-like cells (64). A murine transgenic 
model introducing E1A/E1B under the control of the 
mouse mammary tumor virus-long terminal repeat 
promoter developed adenocarcinoma at the squamoco-
lumnar junction in the foregut (65). Several relatively 
 esophagus-specifi c promoters have been reported in the 
literature: keratin 5, keratin 6A, and keratin 14 promot-
ers (basal cells) (66–68); ED-L2 promoter (parabasal and 
basal cells) (69); tamoxifen- and tetracycline-inducible 

FIGURE 7.2

Proposed mechanism of intestinal metaplasia of the esophagus in the EGDA rats. When 
esophageal epithelial stem cells are stimulated by refluxate, the squamous differentiation 
pathway may be inactivated through loss of expression of some critical transcription fac-
tors. Meanwhile, the columnar differentiation pathway may be activated through gain of 
expression of intestinal transcription factors. In the presence of hyperproliferation and 
chronic inflammation, these molecular events may lead to squamous de-differentiation 
(i.e., loss of squamous differentiation markers [e.g., keratin 4, keratin 14, SPRRs, involu-
crin]), and columnar differentiation (i.e., gain of columnar differentiation markers). Once 
metaplasia is initiated in stem cells, it tends to undergo clonal expansion and finally de-
velops histological intestinal metaplasia consisting of four major cell lineages with specific 
differentiation markers. Similar mechanism may apply to human BE.
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systems (68,70); and  cre-lox  system driven by constitutive 
or inducible K14 promoters (66,71). These genetic tools 
will certainly help us develop a mouse model of BE. 

 CANINE MODEL 

 Cardioplasty, mucosal stripping, and other refl ux pro-
cedures with dogs have been reported in the literature 
(16,17,25,72,73). None of these studies provided solid 
evidence of goblet cells in the esophagus, except one 
recent long-term study (25). Cardiectomy and total gas-
trectomy plus esophagojejunostomy were performed on 
dogs to induce gastric refl ux and small intestinal refl ux, 
respectively. With endoscopy, BE was detected between 
18 and 39 months after cardiectomy, low-grade dys-
plasia between 42 and 69 months, high-grade dyspla-
sia at 57 months, and adenocarcinoma at 63 months. 
For those with small intestinal refl ux, BE was observed 
between 21 and 36 months, low-grade dysplasia be-
tween 48 and 63 months, high-grade dysplasia at 60 
months, and adenocarcinoma at 66 months. Notably, 
these 2 cases of EAC were reported as glandular adeno-
carcinoma, the commonly seen form of human EAC, 
whereas most rat and mouse EAC are mucinous adeno-
carcinoma that is less commonly seen in humans. To 
our knowledge, this is the fi rst study showing dogs may 
develop a full spectrum of pathology leading to EAC 
when exposed to either gastric refl ux or small intestinal 
refl ux alone for a long period of time. Further studies 

are needed to confi rm these fi ndings and explore the 
underlying mechanisms. 

 FUTURE PERSPECTIVES 

 Genetic mouse models of BE need to be developed. Such 
models will be very useful in studying the mechanism 
of BE. Since stem cells have long been hypothesized as 
the cellular origin of BE, recent research on esophageal 
stem cells has caught attention in this fi eld (74). Mouse 
models will defi nitely help us understand how stem cells 
may transdifferentiate into multiple lineages of special-
ized columnar epithelium when stimulated by chronic 
gastroesophageal refl ux. 

 When histologic and physiologic resemblance to hu-
mans is considered, a model with miniature pigs may offer 
many advantages over other species. Pigs are also well 
suited for genetic modifi cations. A lentiviral vector con-
taining the human keratin 14 promoter was able to drive 
expression of transgenes in pig skin, and probably also in 
the esophagus (75). A pig model of BE will be extremely 
valuable for experimental therapy of BE and EAC. 

 Combination of genetic modifi cations and surgery 
may not only produce models of BE and EAC, but also 
allow us to study gene-environment interactions. Ani-
mal models may help us explain why some patients with 
GERD are more susceptible to BE than the others, and 
why white males are more likely to develop BE and EAC 
than black males. 
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  8    
Barrett’s Esophagus: 
Screening and Surveillance 

 Richard Sampliner 

arrett’s esophagus (BE) is a change 
in the lining of the distal esophagus 
seen at endoscopy and documented 
to have intestinal metaplasia (IM) 
by biopsy (1). This defi nition has 

evolved over the last 30 years from extensive columnar 
lining, to columnar lining proximal to the manometric 
lower esophageal sphincter (LES), to 3 cm of columnar 
lining or any IM above the LES. The defi nition is critical 
for case detection when embarking on screening and/or 
surveillance. It implies the need for endoscopists to iden-
tify the apparent columnar lining in the esophagus and 
to biopsy it to determine the presence of the necessary 
histologic criterion of goblet cells of IM (2). 

 The major defi nitional controversy is whether IM 
is necessary for the defi nition of BE. The fact that IM 
harbors the vast majority of dysplasia and esophageal 
adenocarcinoma (EAC) (3) argues for this criterion. 
Given the general awareness of the cancer risk of BE, 
engendering unnecessary concern on the patient’s part is 
to be avoided if no IM is present. It is also appropriate 
to avoid the increased fi nancial burden for insurance in 
the United States when this label is unnecessarily applied 
(4). Erosive esophagitis can be mistaken for columnar 
lining. Additionally, a columnar lined esophagus lacking 
IM will often yield IM on subsequent endoscopic biop-
sies (5), confi rming the diagnosis. So this methodologic 
issue of controversy may be resolved over time for an 

individual patient or by future endoscopic technology 
with refi nements in our ability to recognize IM by pat-
terns at high resolution endoscopy (see Chapter 17)   (6). 

 SCREENING FOR BE 

 Who 

 The highest risk patients for EAC identify those most 
likely to have BE—male, Caucasian, older (7), with 
long-standing refl ux symptoms (Table 8.1). The specifi c 
criteria for age and duration of refl ux are not evidence 
based. Although the yield of BE is highest in the above 
patients, many people with BE do not fi t these criteria. 
Females, people of color, and especially people without 
refl ux symptoms experience BE. Other than by impracti-
cal universal screening of adults, we have no current way 
to identify BE in the asymptomatic. About 40% of pop-
ulation determined BE patients are asymptomatic (8). If 
BE could be identifi ed without endoscopy, less targeted 
screening would be more feasible. Esophageal capsule 
endoscopy offers a technique to identify patients likely 
to have BE, but the current sensitivity, 67%–77%, is not 
adequate (9, 10). Additionally, the cost of the capsule is a 
barrier to wider usage. Other emerging non-endoscopic 
screening tests (sponge immunocytology for detection of 
minichromosome maintenance protein [2]) do not yet 
have the necessary sensitivity and specifi city (11).   

 B
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 Epidemiologic evidence suggests abdominal obesity 
is a risk factor for BE. Case control studies document 
that visceral adipose tissue (OR 1.5), waist to hip ratio 
(OR 2.4), and abdominal circumference (OR 2.2) are 
associated with BE (12–14). But this does not provide a 
specifi c criterion to identify people with BE. 

 Can we increase the yield of fi nding BE at the 
time of endoscopy by defi ning pre-endoscopic criteria? 
In a Veterans Affairs medical center, independent pre-
dictions of BE by multivariate logistic regression (88 
patients with BE, 88 with GERD) were age >40, heart-
burn or acid regurgitation, and heartburn more than 
once a week (15). In a logistic regression analysis of 
517 GERD patients, signifi cant predictors of BE were 
male gender, heartburn, nocturnal pain, odynopha-
gia, and dysphagia (99 with BE and 418 with GERD) 
(16). A screening nomogram for BE had a sensitivity of 
77% and specifi city of 63%. Another Veterans study 
found no symptoms predictive of BE comparing 235 
BE patients to 306 with erosive esophagitis (17). Eight 
gastrointestinal (GI) departments in Italy found GERD 
symptoms of more than 13 years duration were a risk 
factor for BE (149 BE and 143 esophagitis) (18). Fi-
nally, after eliminating BE patients undergoing surveil-
lance, in 1011 adults undergoing endoscopy only the 
duration of acid regurgitation for more than 5 years 
was associated with BE (OR 7.86 [95% CI 1.61–38.4]) 
(19). At a sensitivity of 80%, the model for BE had a 
specifi city of 57%; at a specifi city of 80%, the sensitiv-
ity was 62%. The only risk factors in common in posi-
tive studies was heartburn. 

 LIMITATIONS OF SCREENING 

 Pre-endoscopic criteria to predict BE are not validated. 
There are no prospective trials to document the impact 
of screening. Screening makes intuitive sense and analy-
ses have demonstrated the cost-effectiveness of screen-
ing in relation to what society is willing to spend (see 
Chapter 9) (20). 

 In the future, screening will be more feasible 
when high-risk groups for BE can be identifi ed and the 
initial phase of screening is less expensive and more 
sensitive. 

 SURVEILLANCE 

 Who 

 Patients with documented BE who have an expected sur-
vival of greater than 5 years and agree to interval endos-
copy are candidates for surveillance. It is not reasonable 
to undertake surveillance in frail elderly patients or in 
those with life-limiting comorbidity (21). When the only 
treatment of high-grade dysplasia (HGD) and early EAC 
was esophagectomy, candidates for surveillance had to 
be able and willing to undergo major surgery. With the 
availability and documented impact of endoscopic ther-
apy (22), the latter is no longer true. The ideal selection 
of BE patients for surveillance would include risk strati-
fi cation. We know males, Caucasians, and patients with 
longer segment BE have a greater risk of EAC. However, 
the precise criteria are not evidence based. The current 
biologic marker used to determine surveillance intervals 
is the grade of dysplasia (Table 8.2). Dysplasia is the fi rst 
step in the neoplastic process. It is an unequivocal change 
in the cellular characteristics of the glands in the BE that 
involve the crypts as well as the surface epithelium.    

 When no dysplasia has been documented with 
systematic biopsies—4-quadrant every 2 cm—on 2 en-
doscopies over 1 year, the interval of endoscopy can 
be extended to 3 to 5 years. When low-grade dysplasia 
(LGD) is found, confi rmation by an expert pathologist 
is necessary. The prevalence and incidence of LGD is 
higher than that of HGD and EAC. In a large multi-
center cohort of patients with documented BE, the prev-
alence of LGD was 7.3% and annual incidence 4.3% 
(23). Frequency of endoscopy in surveillance tends to 
be driven by LGD, and the greatest variability in his-
tologic interpretation is found in LGD cases. A study 
of the economic impact of the diagnosis of dysplasia 

TABLE 8.1
Risk Factors for Barrett’s Esophagus

Male
Caucasian
Older - ? specific age
Long-standing GERD - ? specific duration
Visceral adiposity - ? specific measure

TABLE 8.2
Grade of Dysplasia and Surveillance

Dysplasia Endoscopy (EGD)

None • 2 EGDs with biopsy in 1 year
• Every 3–5 years

Low grade •  Highest grade on repeat EGD in 
6 months with expert pathologist 
confirmation

• Yearly until no dysplasia x2

High grade •  Endoscopic resection for mucosal ir-
regularity. Repeat EGD in 3 months. 
Expert pathologist confirmation

•  3-month surveillance or individualized 
intervention
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estimated that 61% of endoscopies are performed be-
cause of the “transient” dysplasia—dysplasia not per-
sistent at 24 months of follow-up (24). When dysplasia 
is categorized into 4 clinically relevant groups, the in-
terobserver agreement is only moderate (kappa = 0.46) 
(25). This confi rmation of the diagnosis is an effort to 
focus surveillance on high-risk patients—the more pa-
thologists who agree on LGD, the greater the risk of 
neoplastic progression (26). This fi nding suggests that 
when more pathologists agree, changes are present that 
can be discriminated from normal. The natural his-
tory of LGD is highly variable, but BE patients with 
LGD should undergo an additional EGD in 6 months 
to exclude a worse lesion in the esophagus. Thereafter, 
once-yearly endoscopy can be done until no dysplasia 
is found on 2 consecutive endoscopies. 

 The fi nding of HGD, documented by an expert 
GI pathologist, warrants a repeat endoscopy within 
3 months to exclude the presence of concomitant 
(synchronous) EAC. Any mucosal irregularities should 
undergo endoscopic resection to ensure the absence of 
EAC. Endoscopic resection provides the opportunity 
to evaluate a large piece (usually 1 cm) of tissue, which 
includes the submucosa. This enables actual T staging. 
With the confi rmation of HGD, the next step is intensive 
surveillance (endoscopies every 3 months for 1 year) or 
individualized intervention. The threshold for therapeu-
tic endoscopic intervention in BE is HGD. The options 
of esophagectomy, intensive surveillance, and endo-
scopic ablative therapy need to be carefully considered 
by the patient. Patient and institutional issues factor into 
the complex network of decision making. The patient’s 
lesion—the length of the segment of BE—the stage of the 
EAC, age, comorbidity, and aversion to surgery, and /or 

cancer are involved in tailoring the therapy. The institu-
tional factors include the volume of esophagectomy and 
expertise in staging techniques (EUS, CT, PET scanning) 
and endoscopic therapy. 

 LIMITATIONS OF SURVEILLANCE 

 There is no randomized trial documenting the effi cacy 
of surveillance in improving the outcome of EAC in pa-
tients with BE. Dysplasia is an imprecise biomarker with 
major limitations in the variability of pathology inter-
pretation. Additionally, even with the recommended bi-
opsy protocols, only a fraction of the surface area of the 
Barrett’s segment is sampled. Therefore, sampling error 
remains a problem. Risk stratifi cation for EAC is not 
precise or accurate. Patients have to be adherent to a 
program of regular endoscopic evaluation for advanced 
neoplasia, which can be a rigorous endeavor. 

 CONCLUSION 

 Both screening and surveillance are de facto practiced 
in the United States. Although not necessarily evidence 
based and not supported by prospective trials, it would 
be worthwhile to use the best information to rationalize, 
if not standardize, our practice. Clues are present con-
cerning the high-risk patients for both BE and EAC. We 
can look forward to results of ongoing research to en-
hance our recognition of high risk patients—molecular 
markers, for instance. Further technologic developments 
of non-endoscopic detection of probable BE can also be 
anticipated.    
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Barrett’s Esophagus: 
Models for Cost-Effective 
Screening and Surveillance 

Jonathan Hata
 Aurora Pryor 

sophageal carcinoma is one of the 
most increasingly prevalent and 
highly lethal cancers in the United 
States and Europe. While the in-
creasing incidence of esophageal 

cancer is between 4% and 10% per year, the 5-year sur-
vival rate may be as low as 10%. Of the approximately 
14,000 new cases of esophageal cancer each year, over 
50% represent the adenocarcinoma variant. The de-
velopment of esophageal carcinoma is thought to be a 
histologic progression from metaplasia and low-grade 
dysplasia to high-grade dysplasia and invasive cancer. 
Barrett’s esophagus (BE) is the abnormal fi nding of in-
testinal metaplasia in the distal esophageal mucosa and 
is a well-characterized premalignant precursor of esoph-
ageal adenocarcinoma (EAC). Thought to result from 
chronic gastroesophageal refl ux disease (GERD), BE car-
ries a 30–50 fold risk of developing EAC (1). Although 
debated, the incidence of EAC in patients with known 
BE (termed  incident cases ) may be as high as 0.5% per 
year. The association of GERD with BE and eventual 
progression to EAC represents a potential target for an 
effective cancer screening program. 

 Screening for BE and subsequent surveillance of af-
fl icted patients has been proposed as a way to improve 
early detection of EAC and increase overall survival. 
The traditional cornerstone of these efforts is upper en-
doscopy with biopsies of the gastroesophageal junction 

and esophageal mucosa. Over the past decade, this prac-
tice has been endorsed by gastroenterologists and other 
health care providers, despite a lack of direct evidence 
supporting its effi cacy or cost-effectiveness (2). While 
the ultimate goal of any screening and surveillance pro-
gram is to decrease morbidity and mortality from dis-
ease, such techniques must also be evaluated from a 
cost-effective perspective in a health care environment 
of increasing expenditures and limited access to services. 
The purpose of this chapter is to review and summarize 
the available data on screening and surveillance of BE 
from this point of view. 

 DEFINITION OF COST-EFFECTIVENESS 

 To begin any discussion of  cost-effectiveness , several 
key terms must be clarifi ed. In general, the overall  effec-
tiveness  of a medical screening or surveillance program 
is its total benefi t to society, which for many diseases 
is measured in terms of  patient life-years saved . Obvi-
ously, this outcome measure is heavily infl uenced not 
only by the validity of the intervention itself but also 
by many other factors such as disease prevalence and 
virulence. As noted in a recent review by Shaheen et 
al., specifi c criteria have been described to help guide 
an evaluation of any proposed screening or surveillance 
program (Table 9.1  ) (3,4). While answers to these basic 

 E
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questions determine a program’s overall effectiveness, 
they also comprise the baseline set of assumptions for 
any subsequent calculation of cost-effectiveness. This 
concept combines an intervention’s overall benefi t 
to society with the fi nancial cost required to produce 
such a benefi t. In other words, determining the cost-
effectiveness of an intervention requires a comparison 
to the cost of not performing that same intervention. 
A common unit of measurement in cost-effectiveness 
calculations is the  incremental cost-effectiveness ratio , 
which is the cost difference between 2 strategies (usu-
ally intervention versus no intervention) divided by the 
gain in life expectancy. This typically yields a calculated 
unit reported as a monetary amount per life-year saved. 
In order to interpret this calculated value in the larger 
context of a health care system, it is useful to compare 
the incremental cost-effectiveness ratio of the interven-
tion in question to that of other widely accepted and 
practiced interventions. Ultimately, cost-effectiveness 
is simply a value judgment on the part of the decision 
maker (either patient, physician, or policy maker) re-
garding their level of willingness to pay for a particular 
intervention. Thus, the  value  of any intervention or pro-
gram in a given population is determined by a host of 
societal, cultural, and fi nancial forces, and often moves 
the debate from medical to political arenas.   

 As with any derived value or outcome measure, 
the assessment of an intervention’s cost-effectiveness is 
 completely dependent on the primary data used in the 
equation. From a theoretical perspective, it is the answers 
to criteria such as those proposed by Sackett (Table 9.1) 
  that provide this primary data or set of assumptions. 
Specifi cally for BE, there are no data available from 
randomized, controlled studies on the effectiveness of 

screening or surveillance. Therefore, decision-making 
and practice patterns have been developed based on co-
hort or observational studies. While providing valuable 
information, the data derived from these types of stud-
ies may be prone to inaccurate generalizations, bias, or 
other forms of methodologic error; any inaccuracies in 
data would ultimately call into question the reliability of 
subsequent cost-effectiveness calculations. 

 SCREENING 

 Regardless of the disease process, the concepts of screen-
ing and surveillance are 2 separate yet related entities. 
Screening is defi ned as the examination of a large sample 
of a population to detect a specifi c disease. In this case, 
upper endoscopy is performed on a selected subset of 
the general population in hopes of achieving earlier de-
tection of premalignant conditions (BE or dysplasia) or 
adenocarcinoma. Early detection allows for more effec-
tive treatment for esophageal cancer and ultimately im-
proves survival. In order for such a screening program 
to be effective, some general criteria must be met. First, 
a high-risk population must be identifi ed to target initial 
screening efforts. In the case of BE, this population com-
prises patients with chronic symptoms of gastrointes-
tinal refl ux disease (GERD). Second, upper endoscopy 
must be able to accurately diagnose BE and dysplastic 
changes before their progression to adenocarcinoma. 
Finally, there must be potential interventions (such as 
mucosal resection or esophagectomy) that can be used 
to treat dysplastic or neoplastic changes, and result in 
improved survival and QOL. While a full discussion of 
these topics are beyond the scope of this chapter, taken 
together they determine the cost-effectiveness of screen-
ing for BE and esophageal cancer. 

 While the complete epidemiology of BE is not 
completely understood, there is evidence that patients 
with EAC found as part of a screening program have 
improved survival relative to those who are symptom-
atic. However, there are no prospective studies con-
fi rming that screening programs directly reduce overall 
mortality. The exact prevalence of BE is unknown, but 
it has been demonstrated that greater severity of GERD 
symptoms is associated with an increased prevalence 
(5,6). The current American Gastroenterological Asso-
ciation (AGA) guidelines for screening for BE state that 
“patients with chronic GERD symptoms are those most 
likely to have BE and should undergo upper endoscopy” 
(2). With 14% of the United States population suffer-
ing from chronic symptomatic GERD, even if screening 
were limited to patients greater than 50 years of age, an 
overwhelming 10 million patients would still qualify for 
screening endoscopy (3). However, with only 6,000 new 
cases of EAC diagnosed in the United States annually, 

TABLE 9.1 
Sackett’s Proposed Criteria for Seeking an Early 

Diagnosis of Disease

1.  Does early diagnosis lead to improved clinical out-
comes (survival, function, quality of life)?

2.  Can one manage the clinical time required to con-
firm a diagnosis and provide long-term care for 
those who screen positive?

3.  Will patients with early diagnoses comply with sub-
sequent recommendations and treatment options?

4.  Has the effectiveness of individual components of 
a screening or surveillance program been demon-
strated before their combination?

5.  Does the burden of disability from the target disease 
warrant action?

6.  Are the costs, accuracy, and acceptability of the 
screening test adequate?
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such a massive screening effort would still be very low-
yield. Clearly, this highlights the need for further iden-
tifying higher risk sub-populations for more targeted 
screening. Risk factors for BE include male gender (2:1 
male to female predominance), white race, > 40 years 
of age, positive family history, and concomitant hiatal 
hernias (7). Other risk factors may include obesity and 
use of medications reducing lower esophageal sphincter 
pressure (6). As a screening tool, endoscopy is able to 
reliably differentiate the absence of dysplasia from the 
presence of high-grade dysplasia or frank cancer (>80% 
specifi city), yet may struggle to distinguish between dif-
ferent grades of dysplasia (8). Finally, the requirement to 
act on positive results from an endoscopic screening pro-
gram has far-reaching implications for any health care 
system. With a fi nding of high-grade dysplasia or EAC, 
subsequent esophageal resection will need to be per-
formed in a relatively small number of patients. How-
ever, as many as 3 million Americans may be diagnosed 
with BE, requiring a large investment of health care re-
sources in order to carry out future surveillance. As more 
data are acquired on less invasive methods for esophageal 
resection, surveillance may have more of an impact. 

 While the majority of cost-effectiveness models 
regarding BE include both screening and surveillance, 
Soni et al. performed an analysis of endoscopic screen-
ing in patients with GERD to detect BE and dysplasia 
(9) (Table 9.2). Using a decision-tree analysis, several 
key assumptions were included. Patients at age 60 un-
derwent a single endoscopy with biopsies of abnormal 
epithelium. Positive biopsy fi ndings of high-grade dys-
plasia or adenocarcinoma resulted in esophagectomy. 
Transition rates were estimated from published data 
and national cancer statistics, including a high specifi c-
ity/sensitivity of endoscopy (90%), high prevalence of 
BE (10%) and high-grade dysplasia (7%) with GERD, 
and minimal reduction in quality of life (QOL) after 
esophagectomy. The costs of endoscopy and cancer 
care were estimated from Medicare data. Using the in-

cremental cost-effectiveness ratio (ICER) as an outcome 
measure, screening endoscopy cost $24,700 per life-
year saved when compared to no screening. Subsequent 
univariate and multivariate analysis demonstrated that 
this outcome is highly sensitive to assumptions about 
the prevalence of BE and dysplasia, ability of endos-
copy to diagnose abnormalities, and health-related 
QOL after surgery. For instance, a small decrease of 
10% in QOL following esophagectomy increases the 
calculated ICER to $63,000 per life-year saved, while 
a 16% decrease eliminates any benefi t. Nevertheless, 
this study suggests that in the setting of favorable pa-
rameters, endosopic screening of a population (>60 yrs 
age) of patients with symptomatic GERD may be cost-
effective. As with any screening program, further risk 
stratifi cation is needed to better defi ne those patients 
most at risk of harboring undiagnosed disease, thus 
leading to increased cost-effectiveness. 

 SURVEILLANCE 

 Surveillance is defi ned as the ongoing, periodic monitor-
ing of patients considered to be at high-risk for a disease, 
which is often determined by prior testing (i.e., screen-
ing). In this case, surveillance involves follow-up endos-
copy at scheduled intervals in patients with BE in order 
to detect early progression toward dysplasia or cancer. 
Early detection would permit early surgical or other 
therapeutic interventions before development of invasive 
cancer, thus improving survival. Although endoscopic 
surveillance of BE has not been defi nitively shown in 
prospective, randomized trials to decrease cancer inci-
dence or increase life expectancy, this strategy is widely 
practiced. Retrospective and cohort studies have demon-
strated that patients diagnosed with EAC in the setting 
of surveillance endoscopy have a lower stage cancer and 
improved survival (10–12). While promising, these types 
of studies may be infl uenced by selection, lead-time, or 

TABLE 9.2
Cost-Effectiveness Models of Screening and Surveillance of Barrett’s Esophagus

Study

Surveil-
lance 

interval
Incidence cancer 

(Barrett’s esophagus)
Survival (5-yr) 

(esophagectomy)
QOL 

(esophagectomy)
ICER a ($/life-
yr gained)

Soni (2000) n/a 7% (screening only) 23% 100% $24,718

Provenzale (1999) 5-year 0.4%/year 22% 97% $98,000

Sonnenberg (2002) 2-year 0.5%/year 20% 100% $16,965

Inadomi (2003) 5-year 0.5%/year 20% 97% $12,336

a Incremental cost-effectiveness ratio (compared to no screening/surveillance program)
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the average annual incidence of cancer was estimated at 
0.4%, while the QOL adjustment factor following sur-
gery was 0.97. The assumed costs for endoscopy were 
$600, esophagectomy $23,800, and long-term cancer 
care $34,000 per year. Using these estimates and a sur-
veillance interval of 5 years, the incremental cost-utility 
ratio (ICUR; which is the ICER adjusted for QOL) was 
$98,000 per life-year gained. In a sensitivity analysis, once 
again the incidence of cancer in BE was demonstrated to 
be the most important parameter. For instance, if the 
annual incidence of cancer was set at <0.2%, no surveil-
lance would be preferred, as the risks of surveillance and 
the potential surgery would outweigh potential gains in 
survival or QOL. Conversely, if the incidence rate ap-
proached 2% per year, more frequent endoscopy (every 
1–2 years) became cost-effective. Similarly, if operative 
mortality and morbidity from esophagectomy increases, 
less frequent surveillance is required to maintain equiv-
alent cost-effective ratios with other accepted medical 
practices. For an operative mortality between 6% and 
10%, surveillance every 5 years was the only strategy 
that increased quality-adjusted life expectancy, with an 
ICUR ranging from $80,000–$120,000. 

TABLE 9.3
Baseline Variables Most Influencing the 

Cost-Effectiveness of Surveillance for 
Barrett’s Esophagusa

Variable Rate or 
cost range

Reference

Incidence rate of adenocarci-
noma per year arising 
from Barrett’s esophagus

0.2%–2.0% 13,16,17

Starting age of surveillance 
endoscopy

40–60 
years

43

Surveillance interval for 
endoscopy

1–10 years 43

Efficacy of endoscopy in pre-
venting cancer

25%-75% 27

Cost of endoscopy $400–
$1500

25

5-year survival after 
esophagectomy

20% 17

Health-related quality of life 
after esophagectomy

83%–100% 21,25

Cost of esophagectomy for can-
cer or high-grade dysplasia

$21,277 25

Cost of medical care for 
adenocarcinoma

$44,931 25

aAdapted from Sonnenberg et al. Aliment Pharmacol Ther. 
2002;16:41–50.

publication bias, and may overestimate critical parame-
ters such as the incidence of EAC in BE (13). The current 
recommendations are based on guidelines from the AGA 
and include multiple 4-quadrant biopsies performed in 
patients with BE at intervals determined chiefl y by the 
presence, and histologic grade, of dysplasia (2). 

 As with screening, there are no prospective random-
ized trials studying the clinical role or cost-effectiveness 
of surveillance for BE. Such research would be very dif-
fi cult to perform given statistical requirements for a large 
patient population, long-term follow-up, and standard-
ized protocols. Instead, economic decision models have 
been developed to calculate the cost-effectiveness of in-
tervention strategies (14). Perhaps the most controversial 
variable infl uencing the cost-effectiveness of surveillance 
of BE is its natural history. While an estimated 700,000 
patients in the United States have BE, their annual esti-
mated risk of progression to adenocarcinoma is reported 
to range between 0.2% and 2%, with a generally accepted 
incidence of 0.5% per year (13,15–17). If progression to 
high-grade dysplasia is included, this risk may be as high 
as 1.4% per year (18). As listed in Table 9.3, other im-
portant variables include the surveillance interval, cost 
of endoscopy, and the ability of endoscopy to accurately 
diagnose dysplasia and cancer. Finally, accurate data 
regarding the clinical outcomes, costs, and QOL after 
esophagectomy are necessary in order to calculate how 
much patients benefi t from an intervention following a 
positive endoscopic fi nding. As will be discussed, vary-
ing the baseline values of any of these parameters can 
dramatically alter the cost-effectiveness of any proposed 
surveillance strategy for BE.   

 SURVEILLANCE COST-
EFFECTIVENESS MODELS 

 The fi rst cost-effectiveness analysis for surveillance 
of BE was published by Provenzale et al. in 1994 (19) 
(Table 9.2). A Markov model (20), a mathematical model 
used to estimate life expectancy in medical contexts, 
was used to construct a computer cohort simulation of 
10,000 55-year-old men with BE. In the simulation, the 
surveillance interval was varied between 1 and 5 years, 
and a diagnosis of either high-grade dysplasia or ad-
enocarcinoma resulted in esophagectomy. The analysis 
concluded that surveillance every 5 years resulted in an 
ICER of $27,400 per life-year gained. Shortening the 
surveillance interval to 4 years provided a greater gain in 
life expectancy but increased the ICER to $276,700 per 
life-year gained. Further analysis revealed that the 2 most 
important parameters infl uencing the analysis were the 
incidence of cancer and the QOL after esophagectomy. 

 In a follow-up study, the same authors performed a 
similar analysis using updated estimates for cancer risk 
and esophagectomy outcomes (21). In this simulation, 
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 Recent surgical series reporting outcomes after 
esophagectomy suggest that perioperative mortality 
rates may range from 10% to as high as 24% (22), with 
an associated morbidity of 50%–64% (23,24). If these 
outcome data are used, the calculated cost-effectiveness 
ratios become prohibitively high. 

 A computer-simulated Markov model of bi-annual 
surveillance was performed by Sonnenberg et al. (25) 
(Table 9.2). Using baseline assumptions including an 
adenocarcinoma incidence rate of 0.5%, a low surgical 
mortality rate (0%–3.5%), and a 20% 5-year survival 
rate, the ICER of surveillance was $16,695 per life-year 
saved. If either the estimated operative mortality rate 
was increased (to 7%) or the QOL after   surgery was 
reduced (to 50%), the ICER recalculated to $19,488 or 
$33,929, respectively. Once again, sensitivity analysis 
demonstrated that the incidence of EAC in patients with 
BE and outcomes after esophagectomy were the most 
important determinants of cost-effectiveness. While the 
true 5-year survival rate following esophagectomy for 
EAC ranges from 15%–24% (26), the operative mor-
tality is certainly greater than 7%, suggesting that the 
ICER is probably higher than reported in this analysis. 

 The most comprehensive cost-effectiveness model 
was reported by Inadomi et al., and incorporated a sim-
ulation of both screening and surveillance for BE (27) 
(Table 9.2). A decision analysis Markov model was cre-
ated to analyze white 50-year old male patients with 
symptomatic GERD; the model included over 7,000 deci-
sion points encompassing the natural history of patients 
with GERD compared to strategies of screening and sur-
veillance for BE, dysplasia, and cancer. This simultaneous 
evaluation allowed comparison of the benefi t and cost of 
screening for prevalent EAC with that of surveillance for 
incident EAC. When screening and surveillance of patients 
with BE and evidence of dysplasia was compared to no 
intervention, the ICER was $10,440 per life-year saved; 
this amount increased to $12,336 for patients without 

TABLE 9.4
Cost-Effectiveness Comparison with Other Medical Practices

Health care interventions
Incremental cost-effectiveness ratios 
($/life-year gained) References

Screening and surveillance of Barrett’s esophagus $12,000–$98,000 2,21

Colon cancer screening $11,000–$20,000 30,31

Breast cancer screening with annual mammography $8,300–$57,000 17,32,33

Evaluation of chest pain $57,700 34

Screening carotid disease (asymptomatic men) $130,000 35

Cervical cancer screening (Pap smear every 3 yr) $250,000 32

Heart transplantation $160,000 36

Empiric omeprazole therapy for dyspepsia $780,000 37

dysplasia. Viewed from a different perspective, however, 
the incremental ICER was >$500,000 for surveillance in 
patients with BE without dysplasia compared to those 
with both BE and dysplasia, suggesting that such a surveil-
lance strategy may not be cost-effective. From this, the au-
thors concluded that the benefi t obtained from screening 
is greater than that of surveillance, since the prevalence 
of EAC in patients with symptomatic GERD is greater 
than the subsequent annual incidence of EAC in patients 
with BE. An additional sensitivity analysis highlighted the 
importance of several key factors, including identifying 
groups of patients most at risk of developing EAC and 
quantifying the QOL of patients undergoing surveillance 
for BE and following surgery. Cost-effectiveness may also 
be improved by decreasing the costs of screening and sur-
veillance programs through increased utilization of physi-
cian extenders or lowering the cost of endoscopy. Finally, 
while esophagectomy for high-grade dysplasia has been 
the traditional therapeutic approach, continued close sur-
veillance (28) or less aggressive surgical options in this sub-
group may also be a viable strategy, especially in light of 
recently published esophagectomy outcomes (22–24,26). 
Finally, a threshold analysis demonstrated that perform-
ing esophagectomy for both EAC and high-grade dyspla-
sia resulted in higher survival only if the annual incidence 
of EAC with BE was >0.75%, and proved cost-effective 
(ICER <$50,000) only if this rate was >0.82%. 

 COMPARISON TO OTHER HEALTH 
CARE EXPENDITURES 

 Any discussion regarding cost-effectiveness of a screen-
ing or surveillance program is inadequate without a 
comparison to other accepted medical practices. League 
tables are commonly used to group and rank interven-
tions in terms of their overall cost-effectiveness, and 
often form the basis of diffi cult health care policy deci-
sions (14,29). As summarized in Table 9.4  , screening and 
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surveillance programs for BE and EAC compare favor-
ably to similar programs for other diseases. For exam-
ple, screening for colon cancer with annual fecal occult 
blood testing and fl exible sigmoidoscopy in asymptom-
atic 50-year old men has an estimated ICER of $20,000 
(30,31). Screening mammography for breast cancer car-
ries an ICER ranging from $8,000 to nearly $60,000, 
which compares favorably with surveillance for BE in a 
head-to-head analysis (32,33). Commonly accepted in-
terventions such as work-up of chest pain, screening for 
carotid artery stenosis, and heart transplantation may be 
less cost-effective, while long-term proton-pump inhibi-
tor therapy and cervical cancer screening are even more 
expensive (28,34–37).   

 FUTURE DIRECTIONS 

 In the past several years, there have been several prom-
ising developments with potential to increase the cost-
 effectiveness of screening and surveillance of BE. Perhaps 
the most infl uential factor for improvement is a more 
precise identifi cation of patient populations most at risk 
for developing BE and subsequent EAC. A recent study 
found that age > 40 years and GERD symptoms more 
than once per week were independent predictors of BE 
(7). In patients undergoing surveillance of BE, progres-
sion to high-grade dysplasia and EAC was associated 
with BE segment length > 2 cm, hiatal hernia > 3 cm, and 
the presence of any dysplasia during earlier surveillance 
(38). Biologic and genetic markers may also eventually 
prove useful in identifying higher-risk patients; however, 
no marker has yet emerged that is superior to histologic 
diagnosis of dysplasia or cancer. Novel techniques for 
screening and surveillance have been developed, includ-
ing capsule endoscopy, brush cytology, and chromo-
endoscopy. When compared to traditional endoscopy, 
capsule endoscopy cannot obtain biopsies; however, it 
is less invasive, with comparable sensitivity (97%) and 
specifi city (99%) for diagnosing BE based on visual 
clues (39). When analyzed using a Markov model, this 
technology was suggested to be equivalent in effi cacy 
and cost-effectiveness to upper endoscopy as a screen-
ing tool (40). Techniques such as brush cytology, chro-
moendoscopy, and magnifi cation endoscopy may prove 

more sensitive than traditional endoscopy for detect-
ing early dysplastic changes in the esophageal mucosa, 
but currently may be too expensive to make them cost-
 effective. Finally, new therapies for treating high-grade 
dysplasia of the esophagus, such as endoscopic resection 
techniques and tissue ablative procedures may prove 
less costly and carry less morbidity and mortality than 
that associated with traditional esophagectomy (41,42). 
These technologies will continue to favor screening and 
surveillance. 

 CONCLUSIONS 

 At the recent AGA Barrett’s Esophagus Workshop in 
2004, a critical review of the literature covering all as-
pects of BE was undertaken (43). This expert panel de-
cided that there was insuffi cient evidence to conclude that 
screening of the general public for BE was either cost-
effective or signifi cantly improved mortality in patients 
with EAC. Targeted screening of high-risk patients, how-
ever, may be effective in diagnosing EAC at a less-invasive 
stage and therefore improving survival in this selected 
population. Unfortunately, there is no consensus at this 
time regarding which patients should be viewed as “high-
risk.” In terms of surveillance, it is clear that upper endos-
copy with multiple biopsy sites is effective for detecting 
potentially curable dysplastic lesions. However  , a careful 
review of the literature calls into question any conclusion 
that a routine surveillance program for BE either prolongs 
overall survival or is proven to be cost-effective (43), es-
pecially considering the reported morbidity and mortal-
ity of esophagectomy in recent series (22–24,26). Clearly, 
further research is needed to better characterize the base-
line parameters used in cost-effectiveness modeling, such 
as incidence of BE and EAC, effi cacy of endoscopy, and 
QOL outcomes after surgery. Future development of new 
diagnostic technologies may prove important for improv-
ing the sensitivity and specifi city of tests used in screen-
ing and surveillance for BE. Finally, less-invasive ablative 
techniques for esophageal dysplasia may eventually re-
duce the need for esophagectomy with its accompanying 
morbidity and mortality. Such therapeutic advances may 
ultimately make screening and surveillance programs for 
patients with BE cost-effective.        
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  10    Barrett’s Esophagus: 
Chemoprevention 

 George Triadafi lopoulos 

uring the last few decades, a rapid 
increase in the incidence of esopha-
geal adenocarcinoma has occurred 
in the industrialized world with 
gastroesophageal refl ux, high body 

mass, male sex, Barrett’s esophagus, and tobacco smok-
ing having been identifi ed as key risk factors. Several 
other potential risk factors, such as the use of medica-
tions that relax the lower esophageal sphincter, high fat 
diets, or diets low in nutrients from plant foods, have also 
been identifi ed. In contrast, infection with  Helicobacter 
pylori  and the use of anti-infl ammatory drugs (such as 
aspirin and other non-steroidal anti-infl ammatory drugs, 
including cyclooxygenase inhibitors) have been inversely 
linked with the risk of esophageal adenocarcinoma (1). 
This rise in incidence of esophageal adenocarcinoma 
and the improved understanding of the epidemiology 
and pathophysiology of the disease has spurred robust 
clinical and research activity aimed at preventing cancer 
development through application of early screening of 
subjects at risk, endoscopic surveillance, and widespread 
use of new technologies, such as ablation and endoscopic 
resection before invasive cancer develops. 

 Cancer chemoprevention is the pharmacologic 
intervention that aims to intervene in pathways that 
lead to cancer before such cancer occurs. Esophageal 
cancer chemoprevention is a new fi eld that has been 

mostly ignited by observational studies, showing that 
non-steroidal anti-infl ammatory drugs (NSAIDs) are 
protective against esophageal adenocarcinoma, while 
a combination of beta-carotene, alpha-tocopherol, and 
selenium may protect against squamous esophageal 
cancer (2). Herein we review the current evidence that 
promotes the concept of chemoprevention of esopha-
geal adenocarcinoma utilizing various agents either 
alone or in combination. However, there are no ran-
domized clinical trials demonstrating a clear clinical 
benefi t on chemoprevention of dysplasia and adeno-
carcinoma. Instead, using intermediate end-points (i.e., 
cellular proliferation, dysplasia rates), studies have 
suggested that maximal intraesophageal acid suppres-
sion with proton pump inhibition (PPI) therapy and 
cyclooxygenase-2 (COX-2) inhibition may be useful. 

 Since symptoms of gastroesophageal refl ux dis-
ease (GERD) and Barrett’s esophagus are the key risk 
factors for esophageal adenocarcinoma, the evidence 
has centered on patients with these conditions. Nev-
ertheless, up to 40% of esophageal adenocarcinoma 
cases occur in people without prior or concurrent 
refl ux symptoms, and future efforts should focus on 
chemoprevention strategies that would be applied to 
the general population (3). Table 10.1 outlines the 
specifi c means for chemoprevention of esophageal 
adenocarcinoma.   

 D
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 GENERALITIES 

 Barrett’s esophagus, defi ned as endoscopically recognized 
and histologically proven intestinal metaplasia of the 
esophagus, is a 3-phase process (4). During the  initiation  
phase, genetically predisposed individuals (typically white 
men) are exposed to clinical or occult gastroesophageal 
refl ux, suffer esophageal squamous epithelial damage, 
and develop a new cell phenotype (transformation). Dur-
ing the  formation  phase, the new phenotype matures to 
short-segment (< 3cm) or long-segment (> 3cm) Barrett’s 
esophagus and does not expand further. During the  pro-
gression  phase, low-grade dysplasia, high-grade dyspla-
sia, or invasive cancer may occur at rates of 4.3%, 0.9%, 
and 0.5% per year respectively, under the infl uence of 
a cascade of molecular events leading to proliferation, 
increasing DNA damage and cellular aneuploidy (5). 
Hence, chemoprevention efforts focus on one or more of 
these genetic and epigenetic alterations that are involved 
in the progression of Barrett’s esophagus to adenocarci-
noma. It is important to emphasize that Barrett’s esopha-
gus progression is not geographic; that is, not associated 
with expansion of the length or surface of the metaplasia. 
Instead, progression is molecular, with increased prolif-
eration under the infl uence of acid and bile refl ux and 
associated genetic and cytometric abnormalities. 

 Simplistically seen, the overall risk for cancer is a 
function of the number of dividing metaplastic cells over 
time: r =  f  (n / t). If such dividing cells are removed by 
biopsy or endoscopic mucosal resection, ablated by pho-
todynamic therapy or balloon-based radiofrequency cur-
rent, or their rate of cell division is suppressed or halted 
pharmacologically, the risk for cancer will be reduced 
or eliminated. This latter approach could be viewed as 
cancer chemoprevention. 

 CONTROL OF ACID REFLUX FOR 
THE PREVENTION OF BARRETT’S 

ESOPHAGUS 

 It is unclear why only a minority of patients with GERD 
develop Barrett’s esophagus, but some recent in vitro 

evidence suggests that, damaged by acid, the esophageal 
squamous epithelium of such patients becomes metaplas-
tic rather than regenerating more squamous esophageal 
cells (6). Evaluating the response of the extracellular 
regulated kinase (ERK)1/2, an enzyme involved in stimu-
lating cell proliferation, following acid exposure of the 
squamous esophagus of GERD patients with and with-
out Barrett’s esophagus, Souza et al. found that baseline 
levels of ERK1/2 were signifi cantly lower in the squa-
mous mucosa of GERD patients without metaplasia and 
that acid exposure increased the activity of ERK1/2 in the 
squamous epithelium of GERD patients without but not in 
those with Barrett’s esophagus. It is therefore  possible that 
individuals who have high baseline levels of ERK1/2 and 
fail to activate this pro-proliferative pathway in response 
to acid exposure may be predisposed to intestinal meta-
plasia rather than squamous re-epithelialization. Hence, 
early institution of acid suppressive therapy in patients 
with GERD might prevent this fi rst  formation  step in 
the  metaplasia-dysplasia-carcinoma sequence described 
above. Further, it may also be possible to identify a molec-
ular biomarker that would identify GERD patients bound 
to develop Barrett’s esophagus and therefore select a sub-
group which might benefi t from endoscopic screening/
surveillance or cancer chemoprevention. 

 Acid suppressive therapy is associated with a reduc-
tion in the eventual length of newly diagnosed Barrett’s 
esophagus in patients with GERD (Figure 10.1). A retro-
spective analysis of a well-characterized large cohort of 
patients with Barrett’s esophagus compared the length of 
metaplasia between patients who received acid suppres-
sive therapy prior to their diagnosis to those who did 
not receive such therapy. In the same study, the authors 
further examined the association between prior use 
of acid suppressive therapy and the length of Barrett’s 
esophagus in correlation and multivariate linear regres-
sion analyses. Of all patients, 139 (41%) had prior use 
of histamine-2 receptor antagonists (H2RAs), or PPIs 
(41 used both), and 201 (59%) used neither prior to the 
diagnosis of Barrett’s esophagus. The mean length of 
Barrett’s esophagus was signifi cantly shorter in patients 
with prior PPI use (3.4 cm) or PPIs and H2RAs (3.1 cm) 
when compared to those with none of these medications 
(4.8 cm). In the multivariate linear regression model, the 
prior PPI use or either PPI or H2RAs was an independent 
predictor of shorter length of Barrett’s esophagus (7).   

 This evidence suggests that early utilization of PPI 
therapy in patients with acid refl ux symptoms would 
protect against the development of Barrett’s metaplasia 
and in turn of adenocarcinoma. However, despite the 
over-the-counter availability and accessibility of acid 
suppressants and their lower costs, we have not seen an 
impact on the incidence of Barrett’s esophagus detected 
on endoscopy, and the role of such therapy in averting 
Barrett’s esophagus formation remains unclear. 

TABLE 10.1
Means for Chemoprevention of Esophageal 

Adenocarcinoma

Control of acid reflux for the prevention of Barrett’s 
esophagus

Acid suppressive therapy 
Control of bile reflux 
Inhibition of ornithine decarboxylase
Aspirin and NSAIDs 
Combination of PPI and aspirin
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 CONTROL OF ACID REFLUX IN 
PATIENTS WITH ESTABLISHED 
BARRETT’S ESOPHAGUS FOR 
THE PREVENTION OF CANCER 

 Aggressive control of gastric acid secretion resulting in 
reduction or elimination of intraesophageal acid expo-
sure has been proposed as a strategy to decrease the 
risk of cancer in Barrett’s esophagus (Figure 10.1). This 
notion is based on ex vivo as well as in vivo data sug-
gesting that intraesophageal acid suppression decreases 
proliferation in the metaplastic epithelium. However, 
prospective randomized trials using clinical endpoints 
(i.e., development of dysplasia or cancer, cancer mor-
tality) are not yet available and only intermediate sur-
rogate endpoints with unclear clinical signifi cance have 
been used. 

 Fitzgerald et al. investigated the ex vivo effects 
of acid on cell differentiation (as determined by villin 
expression) and on cell proliferation (as determined 
by tritiated thymidine incorporation and proliferating 
cell nuclear antigen expression) (8). To mimic known 
physiologic conditions, endoscopic biopsies of normal 
esophagus, Barrett’s esophagus, and duodenum were 
exposed, in organ culture, to acidifi ed media (pH 3–5) 
either continuously, or as a 1-hour pulse and compared 
with exposure to pH 7.4 for up to 24 hours. Before 
culture, villin expression was noted in 25% of Barrett’s 
esophagus samples, and increased after 6 or 24 hours 
of continuous acid to 50% or 83% of samples, respec-
tively. Increased villin expression correlated with ultra-
structural maturation of the brush border. In contrast, 

an acid-pulse followed by culture at pH 7.4, did not 
alter villin expression in Barrett’s esophagus. Moreover, 
continuous acid exposure blocked cell proliferation in 
these explants, whereas, an acid-pulse enhanced cell 
proliferation, as compared to pH 7.4. Based on these 
ex vivo fi ndings, Fitzgerald et al. proposed a model in 
which the diverse patterns of acid exposure in vivo may 
contribute to the observed heterogeneity and unpredict-
able progression to dysplasia and neoplasia of Barrett’s 
esophagus (8). 

 Acid may contribute to carcinogenesis in Barrett’s 
esophagus through activation of MAPK pathways. In a 
study by Souza et al., Barrett’s adenocarcinoma cell line 
(SEG-1) cells were exposed to acidic media for 3 min-
utes, and the activities of 3 MAPKs (ERK, p38, and JNK) 
were determined. Proliferation was assessed using fl ow 
cytometry, and cell growth and apoptosis were assessed 
using cell counts and an apoptosis ELISA assay. Further, 
MAPK activation was studied in biopsy specimens taken 
from patients with Barrett’s esophagus before and after 
esophageal perfusion for 3 minutes with 0.1N HCl. 
Acid-exposed SEG-1 cells exhibited a signifi cant increase 
in proliferation and total cell numbers, and a signifi cant 
decrease in apoptosis. These effects were preceded by a 
rapid increase in the activities of ERK and p38, and a de-
layed increase in JNK activity. The acid-induced decrease 
in apoptosis was abolished by inhibition of either ERK 
or p38. In patients, acid exposure signifi cantly increased 
the activity of p38 in metaplastic tissues (9). 

 In another in vitro study, treatment with PPIs fa-
vorably altered the expression and DNA copy number 
of key cell cycle regulatory genes in paired normal and 
Barrett’s esophagus samples. In this study, protein lev-
els were evaluated in 60 formalin-fi xed and paraffi n-
embedded human tissues by immunohistochemistry 
while DNA copy number was analyzed by Southern 
blot analysis in 20 fresh tissue pairs. All normal mu-
cosal samples expressed the p27 (kip1) protein but did 
not exhibit nuclear staining for p16 (kip4), p21 (cip1) 
or cyclins D1 and E. In contrast, Barrett’s metaplastic 
samples revealed increased expression of p16 (kip4) 
(74%), p21 (cip1) (89%), and cyclins D1 (43%) and E 
(37%) levels. p27 protein was absent in 3 cases. There 
was a signifi cant correlation between p16 (kip4) and 
cyclin E expression, while p21 (cip1) and p27 (kip4) 
correlated with cyclin D1. Although DNA analysis did 
not reveal any amplifi cation or deletion of these genes, 
acid suppression was associated with signifi cantly lower 
expression levels of key cell cycle proteins (10). 

 Contradicting these in vivo and ex vivo studies, acid 
exposure has p53-mediated, antiproliferative effects in 
non-neoplastic Barrett’s epithelial cells. In a study of the 
effects of acid on proliferation and apoptosis in a non-
neoplastic, telomerase-immortalized Barrett’s epithelial 
cell line, cells were treated with two 3-minute exposures 

FIGURE 10.1

Possible beneficial role of PPI therapy in Barrett’s esophagus 
chemoprevention (based on references 7 and 13).
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to acidic media and cell growth was determined using 
cell counts, proliferation was studied by fl ow cytometry, 
cell viability was determined by trypan blue staining, 
and apoptosis was assessed by TUNEL and Annexin V. 
The expression levels of p53 and p21 were determined 
by Western blotting; p53 siRNA was used to study the 
effect of p53 inhibition on total cell numbers after acid 
exposure. Acid exposure signifi cantly decreased total 
cell numbers at 24 hours without affecting either cell vi-
ability or apoptosis. Acid exposure resulted in cell cycle 
prolongation that was associated with greater expres-
sion of p53, but not p21. The acid-induced decrease in 
total cell numbers was abolished by p53 RNAi (11). 

 Cell proliferation and differentiation were studied 
in vivo in biopsy specimens of Barrett’s esophagus before 
and after 6 months of therapy with the PPI lansoprazole 
at doses needed to render patients acid refl ux symptom-
free. Cellular proliferation (as measured by PCNA immu-
nohistochemical staining) decreased while differentiation 
(as measured by villin immunoblotting) increased in the 
patients who exhibited normalization of esophageal 
acid exposure by 24-hour ambulatory pH monitoring 
but not in those who—despite being asymptomatic on 
therapy—exhibited persistently abnormal acid exposure 
(12). Further, a more recent study showed that patients 
with Barrett’s esophagus treated with PPIs developed 
dysplasia less frequently than those treated with H2RAs, 
which are less effective at controlling gastric acid secre-
tion and, in turn, intraesophageal pH (13). In this retro-
spective study of 236 veteran patients, 86% Caucasian 
and 98% male, during 1,170 patient-yr of follow-up, 56 
patients developed dysplasia giving an annual incidence 
rate of 4.7%. Of those, 14 had high-grade dysplasia. 
The cumulative incidence of dysplasia was signifi cantly 
lower among patients who received PPI after the diagno-
sis of Barrett’s esophagus than in those who received no 
therapy or used H2RAs. Furthermore, among those on 
PPIs, a longer duration of use was associated with less 
frequent occurrence of dysplasia. In multivariate analy-
sis, the use of PPI after the diagnosis of Barrett’s esopha-
gus was independently associated with reduced risk of 
dysplasia, with a hazards ratio of 0.25. Longer segments 
of Barrett’s metaplasia and Caucasian race were other in-
dependent risk factors for developing dysplasia. Similar 
fi ndings were also observed when only cases with high-
grade dysplasia were analyzed (Figure 10.2).   

 Furthermore, a signifi cantly increased rate of cell 
proliferation and pro-proliferative cell cycle abnormali-
ties have been detected in biopsies of Barrett’s epithe-
lium taken from patients treated with H2RAs compared 
with similar biopsies from patients treated with PPIs. In 
1 randomized 2-year follow-up study, 45 patients with 
long-segment Barrett’s esophagus were treated with 
either omeprazole 40 mg or ranitidine 150 mg both 
taken twice daily and were compared for the effect on 

epithelial cell proliferation (14). Biopsies were taken 
3 cm above the GEJ at 0, 3, 9, and 24 months. Epithe-
lial cell proliferation was determined by in vitro labeling 
with 5-bromo-2-deoxyuridine and immunohistochemis-
try and labeling indices for luminal and crypt epithelium 
were used separately. Ambulatory 24-hour esophageal 
monitoring was performed at 0 and 3 months. Omepra-
zole reduced mean acid refl ux to 0.1% per 24 hours, 
while ranitidine to 9.4% and this was associated with 
a signifi cant increase in the labeling index in  ranitidine-
treated patients, while in those on omeprazole it re-
mained stable. 

 It should be noted that, aggressive acid suppres-
sion that goes beyond what is required to effectively 
control refl ux symptoms and tissue healing and does 
not concomitantly eliminate other harmful components 
of the gastro-duodenal refl uxate may have unfavorable 
consequences. A very important role of duodenal com-
ponents (i.e., bile acids) in the development of Barrett’s 
adenocarcinoma has been raised in several clinical stud-
ies. Kauer et al. showed that patients with Barrett’s 
metaplasia have a signifi cantly higher prevalence of ab-
normal intraesophageal bilirubin exposure than those 
with erosive or non-erosive refl ux disease. In their 
study, the correlation of pH and bilirubin monitoring 
showed that the majority (87%) of esophageal bilirubin 
exposure occurred when the pH of the esophagus was 
between 4 and 7, suggesting that bile acids—the major 
component of duodenal juice—are capable of damaging 
the esophageal mucosa at a near-neutral pH (15). 

 In another study, Kaur et al. investigated the ef-
fect of bile salts, with or without acid, on cell prolif-
eration in ex vivo mucosal explants. In order to mimic 
physiologic conditions in this study, biopsies of esopha-
gus, Barrett’s esophagus, and duodenum were exposed 
to a bile salt mixture, either continuously or at 1-hour 

FIGURE 10.2

Dysplasia rates in patients with Barrett’s esophagus treated 
with PPIs versus those either not receiving any treatment or 
receiving H2RA therapy (adapted from reference 13).
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pulses, and were compared with control media without 
bile salts (pH 7.4) for up to 24 hours. Similar experi-
ments were also performed with acidifi ed media (pH 
3.5), combined with the bile salt mixture as 1-hour 
pulses. Bile salt pulses enhanced cell proliferation only 
in Barrett’s explants without affecting cell proliferation 
in esophageal or duodenal epithelia. In contrast, 1-hour 
pulses of bile salts in combination with acid signifi -
cantly inhibited proliferation in Barrett’s esophagus but 
had no effect on esophagus or duodenum. The authors 
concluded that, in Barrett’s esophagus explants, brief 
exposure to bile salts, in the absence of acid, increases 
proliferation, whereas exposure to a combination of 
bile salts and acid together inhibits proliferation (16). 
In order to further understand the mechanisms of acid- 
and bile-induced hyperproliferation in Barrett’s esopha-
gus, these researchers further investigated the release of 
PGE 2  in response to acid or bile salt exposure. Biop-
sies of esophagus, Barrett’s esophagus, and duodenum 
were exposed to a bile salt mixture at 1-hour pulses and 
compared with exposure to pH 7.4 for up to 24 hours, 
and PGE 2  release, cyclooxygenase-2 (COX-2), and pro-
tein kinase C (PKC) expression were compared. Similar 
experiments were also performed with acidifi ed media 
(pH 3.5) alone, in the presence or absence of a selective 
PKC inhibitor, and a COX-2 inhibitor. One-hour pulses 
of bile salts or acid signifi cantly enhanced proliferation, 
COX-2 expression, and PGE 2  release in Barrett’s esoph-
agus. In contrast, the combination pulse of acid and bile 
salts had no such effect. Furthermore, treatment with 
either PKC or COX-2 inhibitors led to a dramatic de-
crease in PGE 2  release in Barrett’s esophagus explants 
and a suppression of proliferation, suggesting that the 
acid- or bile salt-mediated hyperproliferation is related 
to COX-2-mediated PGE 2  release and explain, at least 
in part, the tumor-promoting effects of acid and bile in 
Barrett’s metaplasia (17). Taken together, these ex vivo 
studies suggest that complete acid inhibition may not 
be benefi cial unless associated by concomitant effective 
control of bile refl ux. In contrast, if intraesophageal acid 
exposure is effectively controlled pharmacologically, un-
abated bile refl ux may promote proliferation in Barrett’s 
metaplasia and increase the risk for cancer. 

 Chronic PPI therapy frequently leads to elevated 
serum gastrin levels. Gastrin is a mitogen capable of 
inducing growth in both normal and malignant gas-
trointestinal mucosa and has been linked to increased 
proliferation in Barrett’s biopsy specimens in vitro. Per-
forming reverse-transcription polymerase chain reaction 
(RT-PCR) and northern analysis for the cholecystokinin 
(CCK-2) receptor on normal squamous, infl amed squa-
mous, Barrett’s metaplastic, and malignant esophageal 
mucosa, Haigh et al. noted that gastrin induces prolifera-
tion via the CCK-2 receptor in Barrett’s mucosa. Real-
time PCR quantifi ed receptor expression in 10 patients 

with Barrett’s esophagus showing twice the level of ex-
pression than that of 12 controls. Further, 10 nmol/L of 
G17 induced a 2-fold increase in [3-H]-thymidine incor-
poration in mucosal biopsy specimens (18). Abdalla et al. 
noted that biopsies from non-dysplastic Barrett’s esopha-
gus expressed increased gastrin mRNA levels compared 
with other epithelia. Further, gastrin signifi cantly induced 
COX-2, prostaglandin E2, and cell proliferation in biop-
sies and cell lines. Gastrin-induced proliferation could be 
inhibited by inhibitors for CCK-2 and COX-2 suggesting 
that, during carcinogenesis, gastrin is a signifi cant deter-
minant of COX-2 activity levels via the CCK-2 receptor 
(19). 

 Chronic acid suppressive therapy in patients with 
gastroesophageal refl ux disease (GERD) may induce 
gastric bacterial overgrowth leading to an increased 
amount of deconjugated bile acids and increased mu-
cosal injury. In one study, 30 patients with GERD who 
were treated with omeprazole 40 mg daily for at least 
3 months and 10 patients with GERD who were un-
treated for at least 2 weeks were studied by gastric fl uid 
aspiration and analyzed for bacterial growth and bile 
acids. Eleven of the 30 patients taking omeprazole had 
bacterial overgrowth compared to 1 of the 10 control 
patients. Bacterial overgrowth only occurred when the 
pH was >3.8. The ratio of conjugated to unconjugated 
bile acids changed from 4:1 in the patients without bac-
terial overgrowth to 1:3 in those with bacterial growth 
greater than 1000/ml (20). Chronic PPIs can also re-
sult in increased production of secondary bile acids, 
particularly deoxycholic acid (DCA), which has been 
demonstrated to have a tumor-promoting capacity (see 
below). 

 The aforementioned experimental and clinical 
data support the concept of potent acid suppression as 
a chemopreventive strategy in patients with Barrett’s 
esophagus. However, because of possibly unabated bile 
refl ux, this approach will require proper validation by 
controlled, prospective clinical trials before it can be rec-
ommended for widespread long-term practice. Presently, 
although some groups feel that patients with Barrett’s 
esophagus should be treated with PPIs given in doses 
that adequately eliminate acid refl ux symptoms and heal 
esophagitis, others are more aggressive and (in such 
asymptomatic patients with Barrett’s esophagus) they 
routinely advocate 24-hour esophageal pH monitoring 
while on PPI therapy to document the “normalization” 
of esophageal acid exposure. Although it is generally as-
sumed that acid suppressive therapy with PPIs improves 
or eliminates GERD symptoms by normalizing intra-
esophageal pH, such normalization has been reported to 
happen in less than 50% of patients with Barrett’s esoph-
agus treated with PPIs and rendered asymptomatic. For 
example, in one study, 62 patients with GERD and 48 
with Barrett’s esophagus were prospectively evaluated 
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by dual sensor 24h pH monitoring while receiving PPI 
therapy for complete symptom control. Only 24 (50%) 
patients with Barrett’s esophagus normalized their in-
traesophageal pH profi les on PPI. Overall, as compared 
with patients with GERD, patients with Barrett’s esoph-
agus were more likely to have higher degree of patho-
logic acid refl ux despite PPI therapy and exhibited less 
intragastric acid suppression, particularly supine, sug-
gesting that intraesophageal and intragastric pH control 
are signifi cantly more diffi cult to achieve in patients with 
Barrett’s esophagus (21). 

 In another study to assess the effi cacy of esome-
prazole on symptom relief and intraesophageal and 
intragastric acid suppression in patients with Barrett’s 
esophagus, all patients tolerated esomeprazole (40–
80 mg/day) with good symptom control. However, 62% 
of these patients had abnormal intraesophageal pH 
profi les and signifi cant nocturnal breakthrough despite 
adequate symptom control despite PPI therapy. Low noc-
turnal intragastric pH correlated highly with nocturnal 
intraesophageal acid refl ux, and there was a relative fail-
ure of nocturnal intragastric acid control with esomepra-
zole. These authors concluded that for an antisecretory 
treatment aimed at chemoprevention of esophageal ade-
nocarcinoma to be effective, higher PPI dosing confi rmed 
by pH monitoring may be necessary (22). 

 Since patients with Barrett’s esophagus may con-
tinue to have abnormal esophageal acid exposure de-
spite PPI therapy, Wani et al. evaluated esophageal 
acid exposure in a large Barrett’s esophagus population 
treated with twice daily PPIs and determined clinical fac-
tors predicting normalization of intraesophageal pH on 
therapy. In this study, 34 of the Barrett’s esophagus pa-
tients (73.9%) had a normal pH study and 12 patients 
(26.1%) had an abnormal result. The authors found 
no signifi cant differences between patients with a nor-
mal and abnormal 24h pH result with respect to age, 
Barrett’s esophagus length, hiatal hernia size, and pres-
ence of  H. pylori  infection; hence, such factors cannot 
be used to predict persistent abnormal intraesophageal 
pH on PPI (23). 

 Nevertheless, PPIs have been shown to decrease 
the bile component of the refl uxate. Using a spectro-
photometric technique to measure bile refl ux and 24-
hour esophageal pH monitoring, 4 groups were studied: 
healthy subjects, refl ux patients, patients with Barrett’s 
esophagus, and patients with esophageal symptoms after 
partial gastrectomy. Such simultaneous 24-hour pH and 
bile monitoring of distal esophagus found a close asso-
ciation (r = 0.78) between intraesophageal acid expo-
sure and duodeno-gastroesophageal refl ux. The use of 
omeprazole (20 mg twice daily) normalized both acid 
refl ux and duodeno-gastroesophageal refl ux suggest-
ing that aggressive acid suppression markedly decreases 
both (24). 

 CONTROL OF BILE REFLUX IN 
PATIENTS WITH ESTABLISHED 
BARRETT’S ESOPHAGUS FOR 
THE PREVENTION OF CANCER 

 The molecular mechanisms by which bile acids promote 
the development of esophageal adenocarcinoma are still 
largely unknown and have not been fully investigated. 
Combined pH and bilirubin monitoring and esopha-
geal aspiration studies in humans suggest a combined 
role for bile acids, particularly taurine-conjugated bile 
acids, in causing esophageal mucosal injury. Animal 
model experiments have also shown that duodenal juice 
alone may induce Barrett’s esophagus and cancer. Like-
wise, ex vivo studies with biopsies from patients with 
Barrett’s esophagus have shown increased proliferation 
and COX-2 expression after a pulsed exposure to acid 
or conjugated bile acids, but not if acid and bile acids are 
combined (25). 

 Unconjugated bile acids induce CREB and AP-1-
dependent COX-2 expression in Barrett’s esophagus 
and adenocarcinoma through ROS-mediated activation 
of PI3K/AKT and ERK1/2. The secondary bile acid, 
DCA, is one of the commonly refl uxed bile acids that 
causes chromosome damage and induces human p53 
gene mutations at both neutral and acidic pH. Since it 
can induce DNA damage at neutral pH, suppressing 
the acidity of the refl uxate will not completely remove 
its carcinogenic potential. The genotoxicity of DCA 
is, however, reactive oxygen species (ROS) dependent, 
hence anti-oxidant supplementation in addition to acid 
suppression may block DCA-driven carcinogenesis in 
Barrett’s patients (26). 

 The oral administration of ursodeoxycholic acid 
(UDCA) decreases plasma and biliary endogenous bile 
acid concentrations while UDCA itself is found in high 
concentrations in these compartments (27). It is unclear 
if the reduction in endogenous bile acid concentration 
is induced by competition for intestinal absorption of 
endogenous bile acids or if there is increased hepatic 
clearance of endogenous bile acids. The endogenous bile 
acids have greater detergent activity and are therefore 
more cytotoxic than UDCA. Thus, such UDCA-induced 
decrease in endogenous bile acids in the gastroduodenal 
refl uxate could have a favorable chemopreventive role 
in patients with Barrett’s esophagus. A small, open pilot 
study, however, failed to show a signifi cant reduction in 
cellular proliferation or PGE2 decrease in biopsies of pa-
tients treated with UDCA (unpublished observations). 
The use of bile acid-binding agents, such as cholestyr-
amine, cholestipol, or sucralfate has not been studied. 

 Because it controls both acid and bile refl ux,  anti-
refl ux surgery (fundoplication) has been proposed as 
more effective than antisecretory therapy for preventing 
cancer in Barrett’s esophagus (28). For example, 2 small, 
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uncontrolled studies found fewer cases of dysplasia and 
cancer among patients with Barrett’s esophagus who 
had undergone fundoplication than among those who 
had received medical treatment. McCallum et al. pro-
spectively followed 181 patients with Barrett’s esopha-
gus: 29 who had anti-refl ux surgery and 152 who were 
treated medically (29). Dysplasia was found in 3.4% of 
the surgical group after a mean follow-up of 62 months 
and in 19.7% of the medical group after a mean follow-
up of 49 months. No patient in the surgically treated 
group developed adenocarcinoma, compared with 2 
medically treated patients. Similarly, Katz et al. fol-
lowed 102 patients with Barrett’s esophagus for a mean 
of 4.8 years (30). By 3 years, dysplasia had developed 
in approximately 8% of the medically treated patients. 
In contrast, patients treated by anti-refl ux surgery had 
a signifi cantly reduced risk of developing dysplasia. In 
contrast, a randomized trial of medical versus surgical 
therapy of 247 veteran patients with erosive esophagitis 
(including 108 with Barrett’s esophagus) did not show 
that fundoplication prevents esophageal adenocarci-
noma better than medical therapy (31). In this study, 
during 10 to 13 years of follow-up, 4 of 165 patients 
(2.4%) receiving medical therapy and 1 of 82 (1.2%) 
who had undergone fundoplication developed esopha-
geal adenocarcinoma, a insignifi cant difference due to 
inadequate statistical power. In another large, Swedish, 
population-based cohort study, patients with GERD 
were followed for up to 32 years. The relative risk for 
developing esophageal adenocarcinoma (compared with 
the general population) among 35,274 men who received 
medical anti-refl ux therapy was 6.3, whereas the relative 
risk for 6,406 men treated with fundoplication was 14.1 
(32). A recent meta-analysis also found no signifi cant 
cancer-protective effect of anti-refl ux surgery (33). 

 INHIBITION OF ORNITHINE 
DECARBOXYLASE 

 Ornithine decarboxylase (ODC) is the rate-limiting en-
zyme in the synthesis of polyamines that are essential 
for cells to progress through the cell cycle (34). Barrett’s 
esophagus expresses higher ODC than control epithelia 
and such expression increases signifi cantly with dyspla-
sia (35–37). The ODC inhibitor DFMO has been used 
in clinical trials as a chemopreventive and chemothera-
peutic agent, but its use has been limited by ototoxicity 
(38–40). In one study, low-dose (0.5 g/m2) DFMO treat-
ment of patients with Barrett’s esophagus for 6 weeks 
decreased the polyamine tissue content by 60% (41) but, 
in another study, 1 patient treated with DFMO devel-
oped irreversible ototoxicity (42). 

 Indirect inhibitors of ODC may also have a po-
tential role for chemoprevention in Barrett’s esophagus. 

For example, troglitazone, a peroxisome proliferator -
activated receptor gamma (PPAR-gamma) ligand, 
reduces ODC activity in human esophageal adenocar-
cinoma cells in vitro by inhibiting cell growth and in-
ducing apoptosis (43). In vitro treatment of a human 
esophageal adenocarcinoma cell line with troglitazone 
signifi cantly inhibited cell growth and induced apopto-
sis, events which would limit the growth of neoplastic 
cells in vivo. Controlled clinical trials will be needed 
before ODC inhibitors can be recommended for cancer 
chemoprevention in patients with Barrett’s esophagus. 

 ASPIRIN AND SELECTIVE OR 
NON-SELECTIVE NON-STEROIDAL 

ANTI-INFLAMMATORY DRUGS 

 Aspirin, as well as both selective and non-selective non-
steroidal anti-infl ammatory drugs (NSAIDs), all inhibi-
tors of cyclooxygenase, have been extensively studied 
as potential chemopreventive agents in patients with 
Barrett’s esophagus. Cyclooxygenase and its 2 isoforms, 
COX-1 and COX-2, mediate the production of pros-
taglandins from arachidonic acid. Whereas COX-1 is 
expressed constitutively in many epithelia, COX-2 ex-
pression is inducible by cytokines, growth factors, and 
tumor promoters, and maybe detected in many gastro-
intestinal premalignant and malignant epithelia (44–46). 
Since increased COX-2 expression promotes prolifera-
tion and decrease apoptosis in vitro, its inhibition by 
COX-2 inhibitors may have chemopreventive effect 
(47,48). 

 Several epidemiologic studies suggest that the use 
of aspirin and other NSAIDs protects against gastro-
intestinal neoplasia, including adenocarcinoma of the 
esophagus (49–52). However, the anti-neoplastic effect 
of NSAIDs may also be independent of COX inhibition 
(53,54). In a prospective study of the relation between 
duration, frequency, and recent use of NSAIDs and the 
risk of esophageal adenocarcinoma, aneuploidy, and tet-
raploidy in a cohort of 350 people with Barrett’s esopha-
gus followed for 20,770 person-months, NSAID use was 
shown to be an effective chemopreventive strategy, re-
ducing the risk of neoplastic progression in patients with 
Barrett’s esophagus. Compared with never users, hazard 
ratios for esophageal adenocarcinoma in current NSAID 
users was 0.32, and in former users was 0.70. The 5-year 
cumulative incidence of esophageal adenocarcinoma was 
14.3% for never users, 9.7% for former users, and 6.6% 
for current NSAID users. Further, compared with never 
users, current NSAID users (at baseline and follow-up) 
had less aneuploidy and tetraploidy (55). 

 A systematic review with meta-analysis of obser-
vational studies evaluating the association of aspirin or 
NSAID use and esophageal cancer identifi ed 9 studies 
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(2 cohort, 7 case control) containing 1,813 cancer cases 
and showed a protective association between any use 
of aspirin/NSAID and esophageal cancer (odds ratio 
[OR] = 0.57). Further, the study provided evidence for 
a dose effect since both intermittent (OR = 0.82) and 
frequent medication use were protective (OR = 0.54) 
with greater protection with more frequent use. Strati-
fi ed by medication type, aspirin use was protective 
(OR = 0.5) and NSAIDs had a borderline protective 
association (OR = 0.75) (56). 

 A literature review identifi ed 27 studies that quali-
tatively or quantitatively assessed COX-2 protein or 
gene expression in either Barrett’s esophagus, dysplastic, 
or adenocarcinoma tissue in humans. In this study, there 
was general agreement that COX-2 was either absent 
or very weakly expressed in normal esophageal squa-
mous mucosa, but there was considerable disagreement 
regarding the presence of COX-2 in Barrett’s and low-
grade dysplasia. All studies agreed that high-grade dys-
plasia and adenocarcinoma expressed COX-2 to some 
extent although levels varied considerably between tis-
sue samples (57). 

 Sonnenberg et al. analyzed the incremental cost-
effectiveness ratio (ICER) of chemoprevention—as 
compared with endoscopic surveillance or with no sur-
veillance—using a Markov computer model (58). They 
found that under baseline conditions for all patients with 
Barrett’s esophagus (neoplastic and non-neoplastic), the 
ICER of chemoprevention ranges between $12,700 and 
$18,500 per life-year saved. However, these cost values 
are sensitive to variations in the costs of chemopreven-
tion, incidence of cancer in patients with Barrett’s esoph-
agus, and effi cacy of NSAIDs in reducing the incidence 
of cancer, which can shift the ICER into a cost range that 
is prohibitively expensive. Conversely, in those patients 
with Barrett’s esophagus and high-grade dysplasia, the 
ICER ranges between $3,900 and $5,000, and chemo-
prevention remains a cost-effective option even under 
rather unfavorable conditions, such as higher cost and 
lower effi cacy of chemoprevention and lower incidence 
of cancer. However, chemoprevention may not be a cost-
effective measure in the general population of all pa-
tients with Barrett’s esophagus, depending on unknown 
factors such as cost and effi cacy of chemoprevention as 
well as true incidence of cancer (58). 

 Although aspirin use is associated with many com-
plications, such as gastrointestinal bleeding and hem-
orrhagic stroke, its use in the management of Barrett’s 
esophagus appears to be a cost-effective strategy to 
prevent esophageal adenocarcinoma. A Markov Monte 
Carlo decision model was constructed to compare, from 
a societal perspective from age 55 years until death, 4 
strategies for management of Barrett’s esophagus: aspirin 
therapy, endoscopic surveillance with biopsies, both, or 
neither. Patients who took a daily enteric-coated aspirin 

were modeled to have a 50% reduction in the incidence 
of esophageal adenocarcinoma but could have complica-
tions related to therapy, at which point the aspirin was 
discontinued. Potential cardiac benefi ts of aspirin and its 
role in the chemoprevention of other cancers were not 
analyzed. Sensitivity analyses were performed to inves-
tigate the effects of changes in model parameters on es-
timated costs and effectiveness outcomes across a wide 
range of assumptions. Aspirin therapy was more effective 
and less costly than no therapy, resulting in 0.19 more 
quality-adjusted life years (QALYs). The combination 
of aspirin and endoscopic surveillance produced 0.27 
more QALYs than no therapy at a cost of $13,400 more, 
for an associated incremental cost-effectiveness ratio of 
$49,600/QALY. Aspirin use in combination with endo-
scopic surveillance dominated endoscopic surveillance 
alone, resulting in 0.06 more QALYs and $11,400 less 
cost. These results, however, were sensitive to increasing 
age and to decreased benefi t or delay in the chemopre-
ventive effi cacy of aspirin (59). 

 In Barrett’s esophagus, selective COX-2 inhibitors 
have been used both in vivo and in vitro studies and 
shown to decrease proliferation and increase apoptosis in 
vitro in combined primary cultures of dysplastic and non-
dysplastic Barrett’s epithelial cells and in human esopha-
geal adenocarcinoma cell lines (60,61). In an animal 
model, selective inhibition of COX-2 decreases both the 
development of Barrett’s esophagus and the incidence of 
esophageal adenocarcinoma (62,63). Further, short-term 
treatment of patients with the selective COX-2 inhibitor 
rofecoxib decreases cellular proliferation in Barrett’s epi-
thelia in vivo (64). 

 In adenocarcinoma cells in vitro and in an animal 
model of Barrett’s esophagus, the administration of 
nonselective NSAIDs induces apoptosis and decreases 
the risk of tumor formation (65). However, in an animal 
model of Barrett’s esophagus, there is no signifi cant dif-
ference in the risk of tumor formation in animals treated 
with MF-tricyclic (a selective COX-2 inhibitor) and su-
lindac (a nonselective NSAID) (66). 

 The effect of long-term administration of cele-
coxib in 100 patients with low- or high-grade Barrett’s 
dysplasia was investigated in the Chemoprevention for 
Barrett’s Esophagus Trial (CBET), a phase IIb multi-
center randomized placebo-controlled trial. Patients 
were randomly assigned to treatment with 200 mg of 
celecoxib or placebo, both administered orally twice 
daily, and then stratifi ed by grade of dysplasia. The pri-
mary outcome was the change from baseline to 48 weeks 
of treatment in the proportion of biopsy samples with 
dysplasia between the celecoxib and placebo arms. Sec-
ondary and tertiary outcomes included evaluation of 
changes in histology and expression levels of relevant 
biomarkers. After 48 weeks of treatment, no difference 
was observed in the median change in the proportion 
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of biopsy samples with dysplasia or cancer between 
treatment groups in either the low- or high-grade dys-
plasia and there were no signifi cant differences in total 
surface area of the Barrett’s esophagus, in prostaglan-
din levels, in cyclooxygenase-1/2 mRNA levels, or in 
methylation of tumor suppressor genes p16, adenoma-
tous polyposis coli, and E-cadherin (67). Further, the 
risk of cardiovascular side effects has limited the utility 
of the COX-2 selective agents for chemoprevention in 
Barrett’s esophagus. However, aspirin is cardioprotec-
tive and, in conjunction with PPI therapy to treat acid 
refl ux and prevent aspirin-induced gastrotoxicity, it 
could be used in patients with Barrett’s esophagus (68) 
(see below). 

 COMBINATION OF PPI 
AND ASPIRIN 

 Epidemiologically, the use of NSAIDS and aspirin, most 
likely via inhibition of COX-2 and other infl ammatory 
pathways, is associated with a reduction of adenocar-
cinoma rates (69). In a recent exploratory, multicenter, 
randomized, open-label, crossover study in 45 patients 
with Barrett’s esophagus, the combined treatment of 
esomeprazole 40 mg twice daily and aspirin 325 mg 
daily signifi cantly decreased mucosal prostaglandin E(2) 
content and reduced proliferating cell nuclear antigen 
expression (70). Combining the anti-infl ammatory ef-
fects of acid suppression with aspirin, is the subject of 
the Aspirin Esomeprazole Chemoprevention Trial (AS-
PECT; http://www.digestivediseases.org/) clinical trial, 
which has been initiated in the United Kingdom (71). 
This randomized controlled trial will involve 5,000 male 
patients 40–75 years of age with long-segment Barrett’s 
esophagus and will have a 2-by-2 intervention trial fac-
torial design. The agents tested are a high-dose proton 
pump inhibitor (PPI) and a low-dose PPI. In addition, 
half of these patients will receive either low-dose aspirin 
or no aspirin. The follow-up will be at least 8 years long, 
with 2 years of initial recruitment, for a total of 10 years. 
Patients will receive endoscopy and biopsy examinations 
every 2 years. The primary end point is all-cause mortal-
ity. This trial explores the chemoprevention potential of 
standard (20 mg/d) versus twice daily (80 mg/d) doses of 
esomeprazole in conjunction with or without low-dose 
(300 mg) aspirin. If new dyspeptic symptoms arise, a 
dose reduction protocol will be used for aspirin, decreas-
ing from 300 mg/day, then 100 mg/day, and ultimately 

75 mg/day. If a gastrointestinal bleed occurs, then imme-
diate and permanent cessation of the aspirin will occur. 
No washout period will be required for individuals al-
ready on aspirin or PPI to allow baseline blood tests and 
biopsy samples to be assessed easily. 

 CONCLUSIONS 

 Barrett’s esophagus is a premalignant condition that, 
through a dysplasia-adenocarcinoma pathway, confers 
at least a 40-fold increased risk for esophageal adeno-
carcinoma (0.5% to 1% per year) compared with the 
general population. Such adenocarcinoma risk further 
rises to 40%–50% within 5 years for those patients 
with high-grade dysplasia. Currently, the only strategies 
available to diminish or eliminate the risk for cancer are 
regular surveillance endoscopy and biopsies, endoscopic 
thermal or photodynamic ablation, endoscopic mucosal 
resection or esophagectomy. Low-risk pharmacologic 
strategies aiming at cancer chemoprevention are needed. 
Both acid and bile acid refl ux, through a range of mo-
lecular signaling (i.e., by COX-2, c-myc, and MAPK), 
initiate and propagate a cascade of events leading to 
neoplasia. Bile acids, present especially frequently in the 
refl uxate of Barrett’s esophagus patients, also infl uence 
the development and persistence of metaplasia. PPIs 
not only suppress acid but also bile refl ux, cause par-
tial regression in Barrett’s esophagus length, increase cell 
differentiation and apoptosis, reduce proliferation and 
COX-2 levels, and may diminish cancer risk. However, 
PPI-induced symptom control is a poor guide as to ad-
equacy of the underlying acid suppression and the cor-
rect dosage needed is unknown. Epidemiologically, the 
use of NSAIDS and aspirin, most likely via inhibition of 
COX-2 and other infl ammatory pathways, is associated 
with a reduction of adenocarcinoma rates. Both PPIs 
and NSAIDs/aspirin may therefore be potential chemo-
preventive agents but randomized controlled trials are 
under way to precisely address their use because the 
existing data are limited. Such large clinical trials will 
need to have hard endpoints, like high-grade dysplasia 
or cancer development or mortality, as in the ASPECT 
trial. Currently however, aspirin, COX-2 inhibitors, and 
NSAIDs cannot be recommended for the prevention of 
esophageal adenocarcinoma. Similarly, since there is no 
strong evidence of a preventive effect of medical or sur-
gical antirefl ux therapy with regard to cancer risk, such 
therapy cannot be recommended.    

References
  1. Lagergren J. Etiology and risk factors for oesophageal adenocarcinoma: possibilities 

for chemoprophylaxis?  Best Pract Res Clin Gastroenterol . 2006;20:803–812. 
  2. Grau MV, Rees JR, Baron JA. Chemoprevention in gastrointestinal cancers: current 

status.  Basic Clin Pharmacol Toxicol . 2006;98:281–287. 

  3. Gerson LB, Shetler K, Triadafi lopoulos G. Prevalence of Barrett’s esophagus in asymp-
tomatic individuals. Gastroenterology. 2002;123:636–639. 

  4. Triadafi lopoulos G. Acid and bile refl ux in Barrett’s esophagus: a tale of two evils. 
[Editorial].  Gastroenterology . 2001;121:1502–1506. 



90 I • BIOLOGY

  5. Sharma P, Falk GW, Weston AP, et al. Dysplasia and cancer in a large multicenter cohort 
of patients with Barrett’s esophagus.  Clin Gastroenterol Hepatol . 2006;4:566–572. 

  6. Souza RF, Shewmake KL, Shen Y, et al. Differences in ERK activation in squamous mu-
cosa in patients who have gastroesophageal refl ux disease with and without Barrett’s 
esophagus.  Am J Gastroenterol . 2005;100:551–559. 

  7. El-Serag HB, Aguirre T, Kuebeler M, et al. The length of newly diagnosed Barrett’s 
oesophagus and prior use of acid suppressive therapy.  Aliment Pharmacol Ther . 
2004;19:1255–1260. 

  8. Fitzgerald RC, Omary MB, Triadafi lopoulos G. Dynamic effects of acid on Bar-
rett’s esophagus. An ex vivo proliferation and differentiation model.  J Clin Invest . 
1996;98:2120–2128. 

  9. Souza RF, Shewmake K, Terada LS, et al. Acid exposure activates the mitogen-
activated protein kinase pathways in Barrett’s esophagus.  Gastroenterology . 
2002;122:299–307. 

  10. Umansky M, Yasui W, Hallak A, et al. Proton pump inhibitors reduce cell cycle abnor-
malities in Barrett’s esophagus.  Oncogene . 2001;20:7987–7991. 

  11. Feagins LA, Zhang HY, Hormi-Carver K, et al Acid has antiproliferative effects in non-
neoplastic Barrett’s epithelial cells.  Am J Gastroenterol . 2007;102:10–20. 

  12. Ouatu-Lascar R, Fitzgerald RC, Triadafi lopoulos G. Differentiation and prolif-
eration in Barrett’s esophagus and the effects of acid suppression.  Gastroenterology . 
1999;117:327–335. 

  13. El Serag HB, Aguirre TV, Davis S, et al. Proton pump inhibitors are associated 
with reduced incidence of dysplasia in Barrett’s esophagus.  Am J Gastroenterol . 
2004;99:1877–1883. 

  14. Peters FT, Ganesh S, Kuipers EJ, et al. Effect of elimination of acid refl ux on 
epithelial cell proliferative activity of Barrett esophagus.  Scand J Gastroenterol . 
2000;35:1238–1244. 

  15. Kauer WK, Peters JH, DeMeester TR, et al. Mixed refl ux of gastric and duodenal juices 
is more harmful to the esophagus than gastric juice alone. The need for surgical therapy 
re-emphasized.  Ann Surg . 1995;222:525–531. 

  16. Kaur BS, Ouatu-Lascar R, Omary MB, et al. Bile salts induce or blunt cell proliferation 
in Barrett’s esophagus in an acid-dependent fashion.  Am J Physiol Gastrointest Liver 
Physiol . 2000;278(6):G1000–1009. 

  17. Kaur BS, Triadafi lopoulos G. Acid- and bile-induced PGE(2) release and hyperprolif-
eration in Barrett’s esophagus are COX-2 and PKC-epsilon dependent.  Am J Physiol 
Gastrointest Liver Physiol . 2002;283:G327–334. 

  18. Haigh CR, Attwood SE, Thompson DG, et al. Gastrin induces proliferation in 
Barrett’s metaplasia through activation of the CCK2 receptor.  Gastroenterology . 
2003;124:615–625. 

  19. Abdalla SI, Lao-Sirieix P, Novelli MR, et al. Gastrin-induced cyclooxygenase-2 expres-
sion in Barrett’s carcinogenesis.  Clin Cancer Res . 2004;10:4784–4792. 

  20. Theisen J, Nehra D, Citron D, et al. Suppression of gastric acid secretion in patients 
with gastroesophageal refl ux disease results in gastric bacterial overgrowth and decon-
jugation of bile acids.  J Gastrointest Surg . 2000;4:50–54. 

  21. Gerson LB, Boparai V, Ullah N, et al. Oesophageal and gastric pH profi les in patients 
with gastro-oesophageal refl ux disease and Barrett’s oesophagus treated with proton 
pump inhibitors.  Aliment Pharmacol Ther . 2004;20(6):637–643. 

  22. Yeh RW, Gerson LB, Triadafi lopoulos G. Effi cacy of esomeprazole in controlling refl ux 
symptoms, intra-esophageal, and intra-gastric pH in patients with Barrett’s esophagus. 
 Dis Esophagus . 2003;16:193–198. 

  23. Wani S, Sampliner RE, Weston AP, et al. Lack of predictors of normalization of 
oesophageal acid exposure in Barrett’s oesophagus.  Aliment Pharmacol Ther . 
2005;22:627–633. 

  24. Champion G, Richter JE, Vaezi MF, et al. Duodenogastroesophageal refl ux: re-
lationship to pH and importance in Barrett’s esophagus.  Gastroenterology . 
1994;107:747–754. 

  25. Sital RR, Kusters JG, De Rooij FW, et al. Bile acids and Barrett’s oesophagus: a sine qua 
non or coincidence?  Scand J Gastroenterol Suppl . 2006;243:11–17. 

  26. Jenkins GJ, D’Souza FR, Suzen SH, et al. Deoxycholic acid at neutral and acid pH is 
genotoxic to oesophageal cells through the induction of ROS: The potential role of 
anti-oxidants in Barrett’s oesophagus.  Carcinogenesis.  2007;28:136–142. 

  27. Lazaridis KN, Gores GJ, Lindor KD. Ursodeoxycholic acid ‘mechanisms of action and 
clinical use in hepatobiliary disorders’.  J Hepatol . 2001;35:134–146. 

  28. DeMeester SR, DeMeester TR. Columnar mucosa and intestinal metaplasia of the 
esophagus: fi fty years of controversy.  Ann Surg . 2000;231:303–321. 

  29. McCallum R, Polepalle S, Davenport K, et al. Role of anti-refl ux surgery against dys-
plasia in Barrett’s esophagus.  Gastroenterology . 1991;100:A121. 

  30. Katz D, Rothstein R, Schned A, et al. The development of dysplasia and adenocar-
cinoma during endoscopic surveillance of Barrett’s esophagus.  Am J Gastroenterol . 
1998;93:536–541. 

  31. Spechler SJ, Lee E, Ahnen D, et al. Long-term outcome of medical and surgical thera-
pies for gastroesophageal refl ux disease: follow-up of a randomized controlled trial. 
 JAMA . 2001;285:2331–2338. 

  32. Ye W, Chow WH, Lagergren J, et al. Risk of adenocarcinomas of the esophagus and 
gastric cardia in patients with gastroesophageal refl ux diseases and after antirefl ux 
surgery.  Gastroenterology . 2001;121:1286–1293. 

  33. Corey KE, Schmitz SM, Shaheen NJ. Does a surgical antirefl ux procedure decrease the 
incidence of esophageal adenocarcinoma in Barrett’s esophagus? A meta-analysis.  Am 
J Gastroenterol . 2003;98:2390–2394. 

  34. Fong LY, Pegg AE, Magee PN. Alpha-difl uoromethylornithine inhibits N-nitroso-
methylbenzylamine-induced esophageal carcinogenesis in zinc-defi cient rats: effects on 
esophageal cell proliferation and apoptosis.  Cancer Res . 1998;58:5380–5388. 

  35. Garewal HS, Gerner EW, Sampliner RE, et al. Ornithine decarboxylase and polyamine 
levels in columnar upper gastrointestinal mucosae in patients with Barrett’s esophagus. 
 Cancer Res . 1988;48:3288–3291. 

  36. Gray MR, Wallace HM, Goulding H, et al. Mucosal polyamine metabolism in the 
columnar lined oesophagus.  Gut . 1993;34:584–587. 

  37. Garewal HS, Sampliner R, Gerner E, et al. Ornithine decarboxylase activity in Barrett’s 
esophagus: a potential marker for dysplasia.  Gastroenterology . 1988;94:819–821. 

  38. Verma AK. Inhibition of tumor promotion by DL-alpha-difl uoromethylornithine, a spe-
cifi c irreversible inhibitor of ornithine decarboxylase.  Basic Life Sci . 1990;52:195–204. 

  39. Meyskens FL Jr, Gerner EW, Emerson S, et al. Effect of alpha-difl uoromethylornithine 
on rectal mucosal levels of polyamines in a randomized, double-blinded trial for colon 
cancer prevention.  J Natl Cancer Inst . 1998;90:1212–1218. 

  40. Meyskens FL Jr, Gerner EW. Development of difl uoromethylornithine (DFMO) as a 
chemoprevention agent.  Clin Cancer Res . 1999;5:945–951. 

  41. Garewal HS, Sampliner RE, Fennerty MB. Chemopreventive studies in Barrett’s esoph-
agus: a model premalignant lesion for esophageal adenocarcinoma.  J Natl Cancer Inst 
Monogr . 1992;51–54. 

  42. Lao CD, Backoff P, Shotland LI, et al. Irreversible ototoxicity associated with difl uoro-
methylornithine.  Cancer Epidemiol Biomarkers Prev . 2004;13:1250–1252. 

  43. Takashima T, Fujiwara Y, Higuchi K, et al. PPAR-gamma ligands inhibit growth 
of human esophageal adenocarcinoma cells through induction of apoptosis, 
cell cycle arrest and reduction of ornithine decarboxylase activity.  Int J Oncol . 
2001;19:465–471. 

  44. Eberhart CE, Coffey RJ, Radhika A, et al. Up-regulation of cyclooxygenase 2 gene 
expression in human colorectal adenomas and adenocarcinomas.  Gastroenterology . 
1994;107:1183–1188. 

  45. Tucker ON, Dannenberg AJ, Yang EK, et al. Cyclooxygenase-2 expression is up-
regulated in human pancreatic cancer.  Cancer Res . 1999;59:987–990. 

  46. Steinbach G, Lynch PM, Phillips RK, et al. The effect of celecoxib, a cyclooxygenase-2 
inhibitor, in familial adenomatous polyposis.  N Engl J Med . 2000;342:1946–1952. 

  47. Ding XZ, Tong WG, Adrian TE. Blockade of cyclooxygenase-2 inhibits prolif-
eration and induces apoptosis in human pancreatic cancer cells.  Anticancer Res . 
2000;20:2625–2631. 

  48. Kawamori T, Rao CV, Seibert K, et al. Chemopreventive activity of celecoxib, 
a specifi c cyclooxygenase-2 inhibitor, against colon carcinogenesis.  Cancer Res . 
1998;58:409–412. 

  49. Giardiello FM, Hamilton SR, Krush AJ, et al. Treatment of colonic and rec-
tal adenomas with sulindac in familial adenomatous polyposis.  N Engl J Med . 
1993;328:1313–1316. 

  50. Thun MJ, Namboodiri MM, Calle EE, et al. Aspirin use and risk of fatal cancer.  Cancer 
Res . 1993;53:1322–1327. 

  51. Farrow DC, Vaughan TL, Hansten PD, et al. Use of aspirin and other nonsteroidal 
anti-infl ammatory drugs and risk of esophageal and gastric cancer.  Cancer Epidemiol 
Biomarkers Prev . 1998;7:97–102. 

  52. Greenberg ER, Baron JA, Freeman DHJ, et al. Reduced risk of large-bowel adeno-
mas among aspirin users. The Polyp Prevention Study Group.  J Natl Cancer Inst . 
1993;85:912–916. 

  53. Molina MA, Sitja-Arnau M, Lemoine MG, et al. Increased cyclooxygenase-2 expres-
sion in human pancreatic carcinomas and cell lines: growth inhibition by non-steroidal 
anti-infl ammatory drugs.  Cancer Res . 1999;59:4356–4362. 

  54. Piazza GA, Rahm AL, Krutzsch M, et al. Antineoplastic drugs sulindac sulfi de and 
sulfone inhibit cell growth by inducing apoptosis.  Cancer Res . 1995;55:3110–3116. 

  55. Vaughan TL, Dong LM, Blount PL, et al. Non-steroidal anti-infl ammatory drugs and 
risk of neoplastic progression in Barrett’s oesophagus: a prospective study.  Lancet 
Oncol . 2005;6:945–952. 

  56. Corley DA, Kerlikowske K, Verma R, et al. Protective association of aspirin/NSAIDs 
and esophageal cancer: a systematic review and meta-analysis.  Gastroenterology . 
2003;124:47–56. 

  57. Mehta S, Boddy A, Johnson IT, et al. Systematic review: cyclo-oxygenase-2 in human 
oesophageal adenocarcinogenesis.  Aliment Pharmacol Ther . 2006;24:1321–1331. 

  58. Sonnenberg A, Fennerty MB. Medical decision analysis of chemoprevention against 
esophageal adenocarcinoma.  Gastroenterology . 2003;124:1758–1766. 

  59. Hur C, Nishioka NS, Gazelle GS. Cost-effectiveness of aspirin chemoprevention for 
Barrett’s esophagus.  J Natl Cancer Inst . 2004;96:316–325. 

  60. Souza RF, Shewmake K, Beer D.G., et al. Selective inhibition of cyclooxygenase-2 
suppresses growth and induces apoptosis in human esophageal adenocarcinoma cells. 
 Cancer Res . 2000;60:5767–5772. 

  61. Buttar NS, Wang KK, Anderson MA, et al. The effect of selective cyclooxygenase-
2 inhibition in Barrett’s esophagus epithelium: an in vitro study.  J Natl Cancer Inst . 
2002;94:422–429. 

  62. Buttar NS, Wang KK, Leontovich O, et al. Chemoprevention of esophageal adenocarci-
noma by COX-2 inhibitors in an animal model of Barrett’s esophagus.  Gastroenterol-
ogy . 2002;122:1101–1112. 

  63. Oyama K, Fujimura T, Ninomiya I, et al. A COX-2 inhibitor prevents the esopha-
geal infl ammation-metaplasia-adenocarcinoma sequence in rats.  Carcinogenesis . 
2005;26:565–570. 

  64. Kaur BS, Khamnehei N, Iravani M, et al. Rofecoxib inhibits cyclooxygenase 2 expres-
sion and activity and reduces cell proliferation in Barrett’s esophagus.  Gastroenterol-
ogy . 2002;123:60–67. 

  65. Aggarwal S, Taneja N, Lin L, et al. Indomethacin-induced apoptosis in esophageal 
adenocarcinoma cells involves upregulation of Bax and translocation of mitochondrial 
cytochrome C independent of COX-2 expression.  Neoplasia . 2000;2:346–356. 



 10 • BARRETT’S ESOPHAGUS: CHEMOPREVENTION 91

  66. Buttar NS, Wang KK, Leontovich O, et al. Chemoprevention of esophageal adenocar-
cinoma by COX-2 inhibitors in an animal model of Barrett’s esophagus  Gastroenterol-
ogy . 2002;122:1101–1112. 

  67. Heath EI, Canto MI, Piantadosi S, et al. Chemoprevention for Barrett’s Esophagus 
Trial Research Group. Secondary chemoprevention of Barrett’s esophagus with cele-
coxib: results of a randomized trial.  J Natl Cancer Inst . 2007;99:545–557. 

  68. Raj A, Jankowski J. Acid suppression and chemoprevention in Barrett’s oesophagus. 
 Dig Dis . 2004;22:171–180. 

  69. Jankowski JA, Anderson M. Review article: management of oesophageal adenocarci-
noma—control of acid, bile and infl ammation in intervention strategies for Barrett’s 
oesophagus.  Aliment Pharmacol Ther . 2004 ;20(Suppl 5):71–80. 

  70. Triadafi lopoulos G, Kaur B, Sood S, et al. Effects of esomeprazole combined with aspi-
rin or rofecoxib on prostaglandin E2 production in patients with Barrett’s esophagus. 
 Aliment Pharmacol Ther . 2006;23:997–1005. 

  71. Leedham S, Jankowski J. The evidence base of proton pump inhibitor chemopreventa-
tive agents in Barrett’s esophagus—the good, the bad, and the fl awed.  Am J Gastroen-
terol . 2007;102:21–23. 





93

  11    
Epidemiology
of Esophageal 
Cancer: Molecular 

 David W. Cescon 
 Jessica Patricia Hopkins 
 Penelope A. Bradbury
  Darren Tse 
 Geoffrey Liu 

enetic polymorphisms are common 
inherited variations in the genetic 
code, typically defi ned as compris-
ing at least 1% of the population 
of interest. They exert their effects 

through a high prevalence (i.e., common) but low pen-
etrance (i.e., small amount of effect per polymorphism) 
genetic model. Among the most common genetic varia-
tions are single nucleotide polymorphisms (SNPs), which 
are single nucleotide substitutions in the genetic code 
(Figure 11.1). Some of these SNPs will lead to changes 
in the amino acid sequence (known as exonic non-syn-
onymous SNPs), while many others do not change the 
sequence (synonymous SNPs), or sit in regions of the 
gene that are not transcribed. SNPs located in non-cod-
ing regions (e.g., splice sites, promoter regions, transcrip-
tional binding sites, untranslated regions adjacent to a 
gene, etc.) can exert an effect through indirect gene or 
protein regulatory effects. With an estimated 1–3 mil-
lion SNPs in the human genome, deciphering which SNP 
affects specifi c risks or outcomes of esophageal cancer 
is overwhelming. In addition, there are other common 
genetic variations that include microsatellite variations, 
insertions, and deletions. Microsatellite polymorphisms 
typically involve repeated sequences that vary  according 
to the number of sequence repetitions. For example, 
CACACACACA or (CA) 5  is a dinucleotide repeat, and 

in the case of an intron 1  EGFR  gene polymorphism, 
individuals can have between 14 and 23 repeats—or 
(CA) 14  to (CA) 23 . Insertions/deletions may be of only one 
or a few base pairs but can be as large as that of an en-
tire gene, as in the case of the glutathione s-transferases, 
 GSTM1  and  GSTT1  deletions. Recently, genetic varia-
tions consisting of duplication or deletion of thousands 
of bases have been described and termed  copy number 
variants . Most of the existing literature has focused on 
single nucleotide polymorphisms, insertions, deletions, 
and microsatellites.   

 Genetic factors can affect both the risk and prog-
nosis of cancer (Figure 11.1). The genetic factors may 
be tumor-specifi c (such as somatic p53 mutation) or 
inherited/germline (e.g., germline  p53  mutation in Li-
 Fraumeni syndrome). A variety of pathways are in-
volved in both esophageal carcinogenesis and prognosis 
(Figure 11.2), and for each pathway, human genetic 
variation exists that can alter the effi ciency or effective-
ness of that pathway or pathways. The development 
of most cancers involves the interaction of genetic and 
 environmental factors. In esophageal cancer, the known 
risk factors are distinct by histology: for squamous cell 
cancers (ESCCs), the risk factors include  tobacco and 
alcohol exposure and physical trauma to the  esophagus; 
for adenocarcinoma (EAC), the risk factors include toba-
cco exposure, obesity,  gastroesophageal  refl ux disease, 

 G
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and the presence of a pre-neoplastic lesion, Barrett’s 
esophagus. Gene-environment interaction has been the 
cornerstone of molecular epidemiologic research in the 
past three decades. Figure 11.3 illustrates how these in-
teractions can affect both risk and prognosis of disease. 
Thus, molecular epidemiology is the study of  inherited  
(not tumor specifi c) human genetic variations in the 
risk or prognosis of esophageal cancer, either by itself 
or in conjunction with environmental factors.   

   Molecular and genetic factors can also affect 
disease outcome. These factors may be prognostic, 

refl ecting an association between the factor and the 
metastatic potential or aggressiveness of the cancer, 
which enables the identifi cation of patients requiring 
additional treatment. It is predictive and may aid the 
selection of the most benefi cial treatment modality. 
Molecular prognostic factors have been identifi ed in 
lung, breast, colon, and ovarian cancers, among many 
others (1). 

 This chapter will focus on 2 common themes: (a) 
the current state of the literature on genetic polymor-
phisms and esophageal cancer risk and prognosis; and 
(b) where the future lies in these areas of active research. 
The separate role of genetic polymorphisms in ESCC 
and EAC risk will be discussed fi rst, followed by the role 
of genetic polymorphisms in the prognosis of these can-
cers. We will also focus on methodologic issues, since 
the fi eld is still emerging in the post-genome era. 

 GENETIC POLYMORPHISMS AND RISK 
OF ESOPHAGEAL CANCER 

 Familial Susceptibility to Esophageal Cancer 

 Esophageal cancer is typically considered a sporadic dis-
ease. However, familial clusters have been found, and 
there is an increased risk of esophageal cancer in indi-
viduals with a family history of esophageal cancer (both 
ESCC and EAC) (2,3). Further, familial association of 
the risk factors of esophageal cancer, particularly gastro-
esophageal refl ux disease and Barrett ’ s esophagus are also 
associated with elevated risks of EAC (4,5). These data 
suggest a familial susceptibility in a proportion of indi-
viduals who develop esophageal cancers, arguing for the 
evaluation of genetic factors in esophageal cancer risk. 

FIGURE 11.1

Examples of pathways involved in esophageal cancer risk 
and outcomes. Within each pathway, genetic variation can 
modify risk and outcomes.

FIGURE 11.2

Gene-environmental interactions in esophageal cancer risk 
and prognosis. Genetic variation in a variety of factors can 
alter the exposure of environmental factors that affect esoph-
ageal cancer risk and prognosis. When these genetic factors 
are modifying the effects of drugs on treatment outcomes, it 
is known as a pharmacogenetic factor.

FIGURE 11.3

Single nucleotide polymorphisms (SNPs). SNPs are single 
nucleotide substitutions in the genetic code. In the example 
shown, most individuals have 2 copies (alleles) of genetic 
variation 1 (the wildtype genotype) in their DNA, but a mi-
nority of patients have 1 or 2 copies of variation 2 (heterozy-
gous and homozygous variant genotypes, respectively).
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 Genetic Polymorphisms and Esophageal 
Cancer Risk 

 Interest in, and progress toward, defi ning the genetic 
contribution to susceptibility of complex diseases has 
increased substantially with the development of tools for 
high-volume, low-cost genetic analysis, and the avail-
ability of detailed genomic information accumulated 
through the Human Genome Project and its offshoots 
(6–8). An understanding of the molecular epidemiology 
of esophageal cancer risk would enable 2 major advances 
in the management of this disease: (a) the identifi cation 
of genetically susceptible groups that could be targeted 
for risk-reduction, screening or chemoprevention strate-
gies; and (b) an improved understanding of the biologic 
basis of esophageal cancer, which could inform the ra-
tional development of novel therapeutic strategies. 

 Much attention has been devoted recently to large-
scale genome-wide association studies that have iden-
tifi ed putative risk alleles or loci in an ever-expanding 
array of conditions. These studies generally are con-
ducted under the umbrella of international consortia, 
which permit the collection of large cohorts of affected 
individuals, necessary to achieve the statistical power 
these designs demand (9,10). In contrast, the published 
literature on genetic risk factors in esophageal cancer 
consists primarily of small, case-control studies that in-
vestigate the impact of genetic polymorphisms in a small 
number of candidate genes. These studies have been the 
subject of a recent review, which identifi ed 100 publi-
cations and 3 meta-analyses (11), the vast majority of 
which focused on Asian populations. Given the distinct 
epidemiology and pathogenesis of the 2 major histologic 
subtypes of EAC and ESCC, most research into the ge-
netic factors associated with this disease has analyzed 
these histologies separately. Approximately 90% of the 
published studies have focused on ESCC. 

 Genetic Polymorphisms and Squamous 
Cell Carcinoma Risk 

 To date, most studies of the molecular epidemiology of 
ESCC risk have focused on individuals in areas of high 
incidence, primarily in China and Japan. Based on an un-
derstanding of the environmental factors (including smok-
ing, alcohol consumption, exposure to nitrosamines, and 
dietary defi ciencies in specifi c micronutrients) known or 
believed to contribute to the development of ESCC, in-
vestigations of the genetic susceptibility to this disease 
have concentrated on genetic polymorphisms involved 
in pathways that may modify the effects of these expo-
sures. Enzymes include those responsible for carcinogen 
detoxifi cation: Phase I (activation pathways of the Cyto-
chrome P450 [ CYP ] family) (12–25), and Phase II (de-
activation enzymes such as the glutathione s-transferase 

[ GST ] family) (12–15,17–23,25–29), NAD(P)H: quinine 
oxidoreductase 1 ( NQO1 ) (30–35), microsomal epoxide 
hydrolase ( mEH ) (36,37), alcohol metabolism (aldehyde 
dehydrogenase [ ALDH2 ] and alcohol dehydrogenase 
[ ADH2 ]) (12,26,38–44), and folate metabolism (thymi-
dylate synthase [ TS ] [45–47] and methylenetetrahydro-
folate reductase [ MTHFR ] [45,48–51]). Another group 
of candidates that has been considered includes genes 
involved in cell cycle control, DNA repair, and apoptosis 
(i.e.,  p5329  [52–57]; cyclin D1 [ CCND1 ] [58,59]; nu-
cleotide excision repair [NER] genes [60–63]; base exci-
sion repair [BER] genes [44,60,61,64–68]; and others), 
which are critical to the cellular response to damage from 
carcinogen exposure and are known to contribute to the 
susceptibility to other cancers. 

 The results of these studies are summarized in Table 
11.1. Few genes have been demonstrated consistently to 
be associated with susceptibility to ESCC. A polymor-
phism in aldehyde dehydrogenase ( ALDH2 ), the gene 
responsible for elimination of acetaldehyde produced in 
the metabolism of alcohol, confers the greatest increase 
in ESCC risk, with an odds ratio (OR) of 3.2 for the 
 ALDH2 *1/*2  heterozygous genotype (38). This poly-
morphism, common in East Asians but rare in other 
populations, codes for an inactive enzyme that results 
in elevated serum acetaldehyde levels after consumption 
of alcohol and is associated with a fl ushing reaction. 
This polymorphism is an excellent example of a gene-
environment interaction, whereby the increased risk it 
confers is strongly dependent on the amount of alcohol 
consumed. Interestingly, the homozygous *2/*2 variant 
is associated with a lower risk of ESCC, which has been 
attributed to the intolerance to alcohol that this geno-
type imparts. 

 Genetic Polymorphisms and Esophageal 
Adenocarcinoma Risk 

 While much has been written about the classic epide-
miology and rapidly increasing incidence of EAC, com-
paratively little has been published on its molecular 
epidemiology. In contrast to the large number of studies 
involving ESCC, fewer than 20 studies assessing roughly 
2 dozen genetic polymorphisms in adenocarcinoma have 
been reported. In keeping with the epidemiology of EAC, 
these studies have included mostly North American and 
European Caucasians. The number of cases in the major-
ity of these studies has been very small, with most involv-
ing fewer than 50 individuals (the smallest involving only 
9 patients) (69,70). Only recently have studies with larger 
cohorts (up to 203 cases) been published (71). As with 
squamous cell carcinoma, the polymorphisms chosen for 
study have included genes involved in DNA repair, cell 
cycle control, and carcinogen metabolism. Results of these 
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studies are summarized in Table 11.2:  XPC  and  XPD  are 
DNA repair genes; Cyclin D1 and  p73  are cell cycle/ p53  
pathway genes;  GSTT1, GSTP1,  and  GSTM 3 are Phase II 
enzymes. The lack of consistency and confl icting results 
among studies that have examined the same genetic poly-
morphisms is notable. While this may refl ect differences 
between the populations studied, it is more likely a refl ec-
tion of the small sample sizes examined in earlier studies, 
and the consequent high rate of false positive and false 
negative results that this generates. A number of genetic 
polymorphisms have been reported to show no associa-
tion with EAC susceptibility, though many of these stud-
ies lack the statistical power to detect such an association 
(Table 11.3) (21,69,70,72,73).   

 Future Directions 

 The goal of identifying the genetic factors associated 
with the risk of esophageal cancer will best be achieved 
through the conduct of suitably large cohort studies 
that consider and adjust for possible confounders, em-
ploy rigorous statistical methods including adjustment 
for multiple hypotheses testing, and ensure adequate 
statistical power to detect the associations of interest. 
Consensus guidelines for the design and reporting of 
such studies have been developed recently, and should 
contribute to the advancement of this fi eld of research 
reporting (74). As with all investigations of this nature, 
replication of results in independent validation cohorts 

is critical, and publication of methodologically sound 
negative fi ndings is important. Much work remains to 
be performed to identify the interactions between ge-
netic polymorphisms and environmental exposures, and 
to investigate the importance of gene-gene interactions 
among risk alleles. One avenue, recently attempted on a 
pilot scale in esophageal cancer, to assess many genetic 
polymorphisms concurrently involves the application of 
DNA micro-arrays or “SNP chips.” This powerful tech-
nology, which can evaluate from several hundred to even 
a million SNPs, enables the consideration of complex 
gene-gene interactions and holds much promise, though 
study design and statistical issues discussed above are 
still of paramount importance in ensuring the validity of 
this high-throughput method. 

 Identifi cation of novel alleles and confi rmation of 
previously suggested esophageal cancer risk alleles is 
sure to occur at an increasing pace as this fi eld matures. 
Once confi rmed, the application of genetic risk factors 
to interventional screening or chemoprevention studies 
in a prospective, randomized fashion can be considered 
defi nitively to assess their role in clinical practice. 

 GENETIC POLYMORPHISMS AND 
ESOPHAGEAL CANCER PROGNOSIS 

 Research into the association between germline poly-
morphic variants, and either survival or toxicity out-
comes in EAC and ESCC, is an emerging fi eld of study. 

TABLE 11.1 
Polymorphic Genes a Associated with Esophageal Squamous Cell Carcinoma Susceptibility (11).

Mostly posi-
tive studies

Positive & neg-
ative studies

Mostly negative 
studies

Single, unreplicated 
 positive study

Phase I enzymes CYP1A1 CYP2E1 CYP3A5

Phase II enzymes NQO1 SULT1A1
NAT2

GSTM1
GSTT1

GSTP1
mEH

GSTM3

DNA repair/
Cell cycle/
Apoptosis

p53
p73
XRCC1
XPD

XRCC1
hOGG1
L-Myc
CCND1

Fas
Fas-L
MDM2

ECRG2
ECRG1
p21

Other ALDH2
ADH2
MTHFR

TS MTHFR MTRR
12-LOX
COX-2
BRCA2
Mitochon-
drial DNA
MMP7

MMP2
SHMT1
TAP2
LMP7
androgen 
receptor

a For some genes, more than one SNP has been evaluated.
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Current research is attempting to identify candidate 
genes that can be tested in methodologically rigorous 
validation studies. The ultimate goal is to create prog-
nostic models incorporating genetic and clinical data, 
which will inform management and prognosis of pa-
tients with esophageal cancer. 

 Outcome studies are of interest in esophageal 
cancer because overall survival remains poor despite 
treatment, and the morbidity and consequences result-
ing from treatment (including disfi gurement, dyspha-
gia, and reduced quality of life [75]) remain signifi cant. 
Polymorphic variants have the potential to contribute 
to the identifi cation of those individuals who would 
benefi t most from treatment, thus maximizing survival 
outcomes while minimizing toxicity. Outcomes of clini-
cal interest include overall survival, disease/progression-
free survival, response to treatment, and early and late 
toxicity caused by chemotherapy and/or radiotherapy. 
However, different outcomes may require evaluation of 
different polymorphic variants, since the relevant as-
sociated genetic pathways may be distinct. Conversely, 
variants from a single pathway may affect survival and 
toxicity in opposite ways. For instance, nucleotide ex-
cision DNA repair pathway genes conferring improved 
DNA repair capacity are thought to play a role in resis-
tance to cisplatin-based chemotherapy in non-small cell 

lung cancer (76) and ovarian cancer (77). In contrast, 
the same DNA repair pathway genes may have a role in 
predicting outcomes such as toxicity, where improved 
DNA repair capacity may reduce toxic side effects of 
platinum agents. 

 Current State of Literature 

 The current literature is limited to a handful of studies 
(Table 11.4). Histologic subtypes studied were generally 
divided along ethnic lines, with adenocarcinoma being 
studied primarily in Caucasians and squamous cell car-
cinoma being studied primarily in Asians. Study types 
were limited to case series or cohort studies of modest 
size. Although most studies reported overall survival and 
disease-free survival (47,78–84), 2 reported intermedi-
ate end-points, such as response to treatment (80,83). 
Often, the selection of polymorphic variants was based 
on previous information from cancer risk studies or hy-
pothesized functional pathways. Polymorphic variants 
of interest represented a number of different pathways, 
including DNA repair (e.g.,  XRCC1 ) (83) and xenobi-
otic metabolism (e.g.,  GSTT1, GSTM1 ) (78,84), among 
others. Pharmacogenetic pathway analyses have focused 
primarily on either the folate pathway because of the com-
mon use of 5-fl uorouracil in the treatment of this cancer 

TABLE 11.2 
Polymorphic Genes a Associated with Esophageal Adenocarcinoma Susceptibility

Gene Polymorphism Genotype/effect Ethnicity Country Evidenceb

XPC Intron 9 Poly AT 
insertion

Homozygous inser-
tion ↑

Caucasian Canada Single study (n = 56) (86)

XPD Lys751Gln Gln/- ↑, Gln/Gln ↓ Caucasian Canada, United 
States, Sweden

Conflicting (61,86)

Cyclin D1 G870A A/A ↑ Caucasian Canada, Germany Weak (72,73)

P73 5’UTR G4A + C14T AT/AT ↓ Caucasian Ireland Single study (n = 59) (87)

GSTT1 Deletion (*1->*2) *2/*2 ↓ Caucasian Canada, France Weak (15,21,88)

GSTP1 Ile104Val -/Val ↑ Caucasian Canada, Nether-
lands, United King-
dom, France

Weak (15,18,21,71,88)

GSTM3 *A→*B -/*B ↑ Indian India Single study (n = 9) (70)

NQO1 C609T T/- ↑, T/T ↓, null Caucasian Germany, United 
Kingdom

Conflicting (89–91)

ADH3 *1→*2 1/1 ↑ Caucasian United States Single study (n = 114) 
(92) 

a For some genes, more than one SNP has been evaluated.
b Weak = positive result in single study and multiple studies with negative results; Conflicting = positive results in multiple studies but 
with conflicting definitions of at-risk allele; Single study = unreplicated data. For single studies, number of cases shown in parentheses.
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(particularly genetic polymorphisms of thymidylate syn-
thase [ TS ] [47,78,80,82,83] and methylenetetrahydrofo-
late reductase [ MTHFR ] [80,83], or polymorphisms of 
the glutathione s-transferase and DNA repair pathways 
because of the common use of cisplatin chemotherapy to 
treat these tumors [83,84]). Overall, no consistent pat-
tern of results has emerged. A few polymorphic variants 
of other pathways ( IL-1ß, L-Myc, IL-6 ) have also been 
evaluated in very small studies (79,81,83). Wu et al. re-
ported a prognostic association with the polymorphic 
variant of the gene coding for the multidrug resistant 
protein  MDR1  (83). Independent replication of these re-
sults has not yet been performed.    

 Future Directions 

 Currently, genotypic information is not used in the man-
agement of esophageal cancer. In order for the translation 
from clinical science to clinical practice to occur, future 
studies will need to improve in design methodology, sta-
tistical analysis, and reporting. Polymorphism-outcomes 
association studies suffer from a lack of thorough re-
porting (74) and fail to include important information 
such as a description of the source population, inclusion/

exclusion criteria, follow-up time/losses-to-follow-up, 
and complete clinical data for other important prog-
nostic factors. As such, multivariate analyses are neces-
sary as they provide more information about the role of 
polymorphic variants within the larger clinical context 
and can take gene-gene and gene-environment interac-
tions into account. However, special attention should be 
given to adjustment for multiple comparisons when test-
ing multiple genes and outcomes; otherwise, there is a 
high probability of false positive results (85). Research-
ers should also consider polymorphic variants that have 
been previously studied but yielded negative results, as 
many studies are underpowered, leading to a high prob-
ability of falsely negative results. 

 Once candidate genes have been identifi ed, vali-
dation should take place. Two reasonable options for 
polymorphism validation studies exist: (a) a multistage 
validation approach and (b) controlled trials. 

 Multistage Validation Approach 

 A case series or small cohort study can represent the fi rst 
stage of the multistage validation approach. Statistically 
signifi cant polymorphisms from these initial studies can 

TABLE 11.3
 Other Polymorphisms Reported with No Demonstrated Associations with Adenocarcinoma Risk

Pathway Gene Polymorphism

Cell cycle p53 p53 Arg72Pro (93)

p16 p16 3’ UTR C540G (rs11515) (73)

Murine double minute oncogene MDM2 -T309G (55)

DNA repair Xeroderma pigmentosum group C XPC Lys939Gln (61)

Xeroderma pigmentosum group D XPD Arg156Arg
XPD Asp312Asn (61,94)

X-ray repair cross complimenting protein XRCC1 Arg194Trp
XRCC1 Arg399Gln
XRCC1 Thr241Met
XRCC3 Thr241Met (61,86)

Xenobiotic metabolism Cytochrome P450 CYP 2E1 c2/c1
CYP 1A1 Ile462Val (15,21,95)

Microsomal epoxide hydrolase mEH His113Tyr
mEH His139Arg (21,88)

Glutathione peroxidase GPX2 intron 1 A/G (rs4902346)
GPX2 intron 1 C/T (rs2737844) (71)

Glutathione s-transferase GSTM1 deletion (15,21,88)

Manganese superoxide dismutase SOD2 Ala16Val
SOD2 intron 4 A/G (rs3798215)
SOD2 3’ UTR (rs1967802) (71)
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be tested in a larger validation cohort study. Subsequent 
sequential validation cohorts consist of groups of patients 
who are relatively homogeneous as a group and similar 
in characteristics to the original study participants. With 
each stage, the number of polymorphic variants being 
tested decreases, since each validation cohort acts as an 
additional fi lter for false-positive results. Care must be 
taken to ensure complete collection of important clinical 
prognostic factors. When planned carefully to answer 

a specifi c question, validation cohorts may represent a 
higher level of evidence than case series or small single 
cohort studies. 

 Controlled Trials 

 Ideally, researchers would like to perform controlled tri-
als. To date, no controlled trials have been performed in 

TABLE 11.4 
Genetic Polymorphisms and Esophageal Cancer Outcomes

Study Gene Polymorphism Results

Okuno et al.
(squamous)
Japan (n = 31) (78)

TS TSER/6bp del 3’ UTR Two or 3 homozygous variants 
of TSER, 6bp del 3’UTR, and Ile-
105Val had better prognosis

GSTP1 Ile105Val

Shibuta et al.
(squamous)
Japan ( n = 65) ( 79)

L-myc Intron 2 long/short Short allele had poorer 
prognosis

Sarbia et al.
(squamous)
Europe ( n = 68) ( 80)

MTHFR C677T No prognostic significance

TS TSER No prognostic significance

MTR A2756G A/G & G/G more responsive to 
chemoradiation

Deans et al.
(adeno) United 
Kingdom ( n = 56) ( 81)

IL-1ß 511 Not significant

IL-6 174 C/C had reduced survival

Liao et al.
(adeno)
United States (n = 146) (82)

TS 6bp del 3’UTR Deletion had non-significant 
improved prognosis

Wu et al.
(83% adeno) 
United States (n = 210) (83)

MTHFR A429C
C222T

G/A & A/A had better prognosis 
and combined variants had bet-
ter prognosis

TS and MTR Multiple “at-risk” allele combos had 
worse prognosis

MDR1 C3435T C/C & C/T had improved 
prognosis

NER genes 9 SNPs Decreasing number of “at-risk” 
alleles had better prognosis

XRCC1 Arg399Gln A/A & G/A had worse prognosis

Lee et al.
(squamous)
Taiwan ( n = 233) ( 84)

GSTT1 deletion No prognostic significance

GSTM1 deletion No prognostic significance

GSTP1 Ile105Val Ile/Val & Val/Val had worse 
prognosis

Zhang et al
(squamous).
China (n=465) (47)

TS
TS

TSER
G/C in TSER

2R/3G (vs 3R/3R) genotype had 
11-fold increase in lymph node 
metastasis in ESCC patients

TS 6bp del 3’UTR No prognostic significance
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this fi eld. Generally, controlled studies are methodologi-
cally diffi cult to design and more expensive to implement. 
One of the largest barriers to this is the requirement of 
large numbers of participants, which is often not feasible 
in esophageal cancer studies. However, controlled trials 
have an advantage over validation cohorts by balancing 
known and unknown confounding factors and could be 
useful for ultimate validation as well as implementation 
into clinical practice. 

 SUMMARY 

 In general, the literature describing the role of germline 
polymorphic variants in outcomes represents a new bur-
geoning research area, though many published examples 
to date suffer from methodologic problems: The report-
ing often lacks information on the source population, 
there is a lack of statistical adjustment for multiple com-
parisons, and studies are generally underpowered. There 
is also inadequate consideration and documentation of 
environmental factors that may confound risk results. In 
addition, publication bias may exist leading to underrep-

resentation of negative results in the published literature. 
Finally, for risk studies pertaining to ESCC, the external 
validity of reported fi ndings is limited by the heavy focus 
on isolated populations with very high disease incidence. 
In these special populations, distinct genetic and environ-
mental risk factors may exist that lack relevance in other 
groups. However, this is an emerging fi eld, and informa-
tion from these initial studies can help to identify candi-
date genes to test in future larger and validative studies. 

 The mapping of the entire human genome has ad-
vanced this fi eld in quantum leaps. A new series of larger, 
comprehensive, multistage test and validation studies 
involving multiple replication patient populations that 
are well characterized will likely be available in the next 
few years. The information gleaned from these studies 
should yield good candidates for the development of fu-
ture interventional studies designed to identify strategies 
to clinically exploit this genetic information. The ulti-
mate goal of this research is to improve our understand-
ing of esophageal cancer, its treatment and prognosis, 
with a more practical goal of utilizing these polymorphic 
data to better stratify at-risk individuals and better clas-
sify individuals who already have this disease.   
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his chapter reviews the epidemiol-
ogy of esophageal cancer and its 2 
major histologic types, squamous 
cell carcinoma (SCC) and adeno-
carcinoma (AC). Although patients 

with either of the tumors share a poor prognosis, the 
cancers have rather distinct epidemiologic profi les. 
Herein we review the descriptive patterns of both tu-
mors, along with known and suspected risk or protec-
tive factors. Because AC comprised only a small fraction 
of esophageal cancers until recently, most epidemiologic 
studies of esophageal cancer did not distinguish histo-
logic types and results largely refl ect the risk factors for 
SCC. However, special attention has recently centered 
on AC in view of the rapidly rising incidence rates of 
this tumor. 

 DEMOGRAPHIC CHARACTERISTICS 

 Mortality Patterns and Trends 

 Globally, esophageal cancer is the sixth most common 
cause of cancer death (261,162 deaths among men; 
124,730 deaths among women) (1). Fatality rates are 
high, so that global estimates of age-standardized rates 
per 100,000 are generally comparable for incidence (11.5 
for men, 4.7 for women) and mortality (9.9 for men, 3.9 

for women) (1). The most recent estimates of global can-
cer incidence indicate that esophageal cancer is the eighth 
most frequent cancer in the world (315,394 cases in men; 
146,723 cases in women) (1). Esophageal cancer is known 
for its marked variation by geographic region, ethnicity, 
and gender. Some of the highest mortality rates in both 
men and women occur in the so-called Asian esopha-
geal cancer belt, an area not covered by  population-
based tumor registries that stretches from northern Iran 
and central Asia (including Turkmenistan and Kazakh-
stan) into northern and western China. Other high-rate 
areas are found in southern and eastern Africa. 

 In the United States, esophageal cancer accounts 
for only 1% of all diagnosed cancers; however, it is the 
seventh leading cause of death from cancer among men 
(2). According to estimates provided by the American 
Cancer Society, approximately 11,250 men and 3,030 
women are expected to die from esophageal cancer in 
the United States during 2008 (2). 

 Based on data from the National Center for Health 
Statistics, 1950–2004, mortality rates for esophageal 
cancer almost doubled among non-whites between 1950 
and 1984, reaching a high of 16.1/100,000 among non-
white men and 4.0/100,000 among non-white women 
(Figure 12.1). However, since 1985 rates have decreased 
steadily, with rates for nonwhite men and women fall-
ing to 8.1/100,000 and 2.4/100,000, respectively, in 

 T
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white men and women in 2000–2004 were 7.7/100,000 
and 1.6/100,000, respectively. Rates specifi c for blacks, 
available since the early 1970s, are higher than rates for 
all nonwhites combined.   

 Incidence Patterns and Trends 

 International differences in esophageal cancer incidence 
rates are striking (Figure 12.2) (3). Based on updated 
data available on the International Agency for Research 
on Cancer (IARC) website (http://www.iarc.fr/), recent 
esophageal cancer rates varied 7-fold among males, 
from 18 in Calvados, France, to 2.5 in Israel. Recent 
rates among females varied over 20-fold, from 6.6 in 
India to 0.3 in Spain. Male to female rate ratios varied 
from less than 2 in India and China to more than 6 in 
Japan, Italy, and Calvados, France, and to more than 10 
in Spain; Bas-Rhin, France; and Slovakia. Rates in all 
populations rose consistently with age.   

 Among men, rates declined by 24%–60% over 
most of the time period in U.S. blacks, France, Italy, 
India, China, and Singapore; increased by 20%–98% 
in U.S. whites, Australia, Scotland, England, Denmark, 
and Norway; and more than doubled in Slovakia. Al-
though rates among females tended to fl uctuate more 
over time due to the smaller number of cases, similar to 
males, rates decreased 27%–65% in U.S. blacks, India, 
China, and Singapore, whereas they rose 21%–83% in 
Scotland, England, Denmark, Norway, and Slovakia. 

 These divergent incidence trends and patterns re-
fl ect the changing frequencies of SCC and AC in these 
populations. Rates of SCC, which tend to be higher in de-
veloping countries and U.S. blacks, appear to be falling, 
whereas AC rates, which tend to be higher in more de-
veloped countries and in U.S. whites, have been steadily 
increasing (4). Examples of these trends are presented in 
Figure 12.3, which demonstrates the impact of changing 
rates of SCC and AC on total esophageal cancer rates 
among U.S. black and white men and women in the 9 
Surveillance, Epidemiology, and End Results (SEER) reg-
istries over the time period 1973–1976 to 2001–2004, 
as well as the marked differences in cell type distribution 
by race (5).   

 Total esophageal cancer incidence rates among 
U.S. blacks peaked at 21.7 in 1977–1980 and then 
began a marked decline, reaching 10.0 in 2001–2004, 
whereas rates among white men increased from 5.8 in 
1973–1976 to 8.4 in 2001–2004. Rates among white 
women remained around 2 over the several decades, 
but they declined among black women since the early 
1980s. The dramatic decrease in total esophageal can-
cer rates for black men was driven by the concurrent 
57% drop in rates for SCC (from 19.1 in 1981–1984 to 
8.2 in 2001–2004). Rates of SCC also decreased 50%, 

2000–2004. Among whites, mortality rates changed 
little during 1950–1984; rates have risen notably since 
1985 among men, but not women. Mortality rates for 

FIGURE 12.1

Trends in esophageal cancer mortality rates (per 100,000 
person-years, age-standardized to the 2000 U.S. population) 
in the United States by race and sex, 1950–2004. Data from 
the Surveillance, Epidemiology, and End Results (SEER) 
Program of the National Cancer Institute (www.seer.cancer.
gov) SEER*Stat Database: Mortality—Cancer, Total U.S. 
(1950–2004), National Cancer Institute, DCCPS, Surveil-
lance Research Program, Cancer Statistics Branch, released 
March 2007. Underlying mortality data provided by NCHS 
(www.cdc.gov/nchs).
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48%, and 35% among white males, black females, and 
white females, respectively. In contrast, the increase in 
total esophageal cancer rates for white men refl ects the 
dramatic increase of over 600% in the incidence of AC 
(from 0.8 in 1973–1976 to 5.7 in 2001–2004). With 
the decreases in SCC and the increases in AC, the AC 
rate among white men surpassed that for SCC during 

the late 1980s. In addition, AC rates rose over 400% 
among white women. Rates of AC among black men 
more than doubled; however, the rates of SCC remain 
considerably higher. Rates of AC among black females 
were more variable since they were based on the few-
est number of cases. During 2001–2004, AC, SCC, and 
other histologies accounted for 61.6%, 31.0%, and 

FIGURE 12.2

International trends in esophageal cancer incidence rates (per 100,000 person-years, age-
standardized to the world population) by geographic area, registry, and sex, circa 1973–
1977 to 1993–1997. Adapted from updated data available at http://www.iarc.fr/.
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7.5% of esophageal cancer among whites and 11.6%, 
82.7%, and 5.6% among blacks, respectively (6). 

 Esophageal cancer incidence rates in the 17 SEER 
registries by race/ethnicity and gender during 2001–
2005 are presented in Table 12.1. Among both males 
and females, rates were highest for blacks and lowest for 
Asian/Pacifi c Islanders. Rates were higher for males than 
for females among all race/ethnicity groups (7).   

 U.S. Survival Patterns 

 Presented in Table 12.2 are survival data for patients di-
agnosed with esophageal cancer during 1975–2004 in 9 
SEER population-based cancer registries (7). Although 
survival among patients diagnosed with esophageal can-
cer is poor for all race-gender groups, marked improve-
ments in the 5-year relative survival rates have occurred 

TABLE 12.1 
Age-Adjusted Esophageal Cancer SEER Incidence 

Rates a 2001–2005 by Race/Ethnicity 
and Gender (7) b

Race/ethnicity Total Male Female

All races 4.6 7.8 2.0

White 4.6 8.0 1.9

Black 5.9 9.9 3.0

Asian/Pacific 
 Islander

2.4 4.0 1.2

American Indian/
 Alaska Native c

4.4 7.1 2.0

Hispanic d 3.1 5.5 1.2

a Rates per 100,000 person-years, age-adjusted to the 2000 U.S. 
standard.
b Based on November 2007 SEER data submission, posted to 
the SEER website, 2008, from 17 population-based registries: 
San Francisco, San Jose-Monterey, Los Angeles, other Califor-
nia, Connecticut, Detroit, Hawaii, Iowa, New Mexico, Seattle, 
Utah, Atlanta, Alaska Native Registry, Rural Georgia, Kentucky, 
Louisiana, and New Jersey.
c Based on the CHSDA (Contract Health Service Delivery Area) 
counties.
d  Excludes data from the Alaska Native Registry and Kentucky.

SEER*Stat Database: Incidence—SEER 9 Regs Limited-Use, 
Nov 2006 Sub (1973–2004)—Linked To County Attributes—
Total U.S., 1969–2004 Counties, National Cancer Institute, 
DCCPS, Surveillance Research Program, Cancer Statistics 
Branch, released April 2007, based on the November 2006 
submission.

FIGURE 12.3 (continued)

FIGURE 12.3

Trends in esophageal cancer incidence rates (per 100,000 
person-years, age-standardized to the 2000 U.S. popula-
tion) in 9 SEER areas in the United States by histologic cell 
type, race and sex, 1973–1976 to 2001–2004. Data from the 
Surveillance, Epidemiology, and End Results (SEER) Pro-
gram of the National Cancer Institute (www.seer.cancer.gov) 
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TABLE 12.2 
Esophageal Cancer 5-Year Relative Survival Rates, 1975–2004, by Diagnosis Year, Gender, and Race (7) a

      All races White Black

Year of 
diagnosis        Male Fe  male Male Fe  male Male Fe  male

1975–1979 4.3% 6.6% 5.1% 6.2% 2.2% 6.8%

1985–1989 9.5% 10.6% 10.8% 10.5% 6.7% 10.3%

1996–2004 16.4% 18.9% 17.6% 19.7% 9.0% 15.6%

a Based on November 2007 SEER data submission, posted to the SEER website, 2008. Based on data from 9 population-based registries: 
San Francisco, Connecticut, Detroit, Hawaii, Iowa, New Mexico, Seattle, Utah, and Atlanta. Rates are based on follow-up of patients 
through 2005.

over the past three decades. The 5-year relative survival 
rates for those diagnosed during 1996–2004 were 17.6% 
for white males, 19.7% for white females, 9.0% for 
black males, and 15.6% for black females. Survival rates 
for SCC and AC are similar (data not shown), and there 
is a strong decreasing gradient in patient survival with in-
creasing extent of disease. For total esophageal cancer, the 
5-year relative survival rates, 1996–2004, ranged from 
34.4% for localized, to 17.1% for regional, to 2.8% for 
distant, and 11.6% for unstaged disease at diagnosis (7).   

 ETIOLOGIC FACTORS 

 The established or suspected risk or protective factors 
for SCC and AC are listed in Table 12.3 and explained 
in greater detail below.   

 Tobacco 

 Squamous Cell Carcinoma 

 Tobacco use, regardless of form, is a major risk factor 
for esophageal cancer in most parts of the world. Sev-
eral case-control studies have reported strong positive 
dose-response effects with duration and/or intensity of 
cigarette smoking (8–13). In most studies evaluating the 
effect of quitting smoking, a 50% reduction in risk has 
been seen for ex-smokers compared with current smok-
ers, along with an inverse effect with time since stopped 
smoking (8,13,14). Smoking has been associated with 
esophageal cancer risk among nondrinkers, supporting 
an independent effect of tobacco smoke on the esopha-
geal epithelium (13,15). In some studies, pipe smokers 
have shown a higher risk of esophageal cancer than 
smokers of commercial cigarettes, perhaps because pipe 
tobacco condensates are swallowed,  allowing tobacco 
carcinogens to have direct contact with the esophagus 

(13). In case-control studies in the United States, the per-
centage of SCC attributable to ever smoking has ranged 
from 57% to 65% (16,17). In several studies from South 
America, the risks of esophageal cancer for use of black 
(air-cured) tobacco were 2-fold or more higher than 
those for blond (fl ue-cured) tobacco (13). Elevated risks 
have also been reported for hand-rolled cigarettes, which 
have a higher tar content than commercial cigarettes 
(13). Case-control studies in India and Taiwan identifi ed 
bidi smoking (a native cigarette of coarse tobacco in a 
dry temburni leaf), pan chewing (a mixture of betel leaf, 
sliced areca nut, and aqueous shell lime), and betel quid 
chewing (areca nut chewing with a piece of Piper betle 
infl orescence, which contains approximately 15 mg/g of 
the animal carcinogen safrole) as major risk factors for 
esophageal cancer (10,12,13,18). 

 Adenocarcinoma 

 Although smoking is a less potent cause of AC than SCC, 
cigarette smoking, especially heavy/long-term smoking, is 
a signifi cant risk factor for AC in most of the world (13,19–
21). Although results are inconsistent, quitting smok -
ing appears to attenuate risks for AC somewhat (22). 
It has been suggested that changes in the constituents of 
tobacco smoke or the introduction of fi ltered cigarettes 
might have differentially affected rates of SCC and AC 
(23). The percentage of AC attributable to ever use of ciga-
rettes was recently estimated at 40% and 58%, based on 
U.S. case-control and cohort data, respectively (16,22). 

 Alcohol 

 Squamous Cell Carcinoma 

 There are clear-cut epidemiologic data indicating that al-
coholic beverages are a major cause of SCC, particularly 
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in Western populations (12). Strong dose-response rela-
tionships for ethanol consumption, after adjustment for 
smoking, have been demonstrated in many case-control 
and cohort studies in the United States, Europe, South 
America, Asia, and South Africa (8,10,12,13,24). How-
ever, alcohol drinking has not been shown to be a risk 
factor in some developing countries with exceptionally 
high rates of SCC, including rural parts of Africa, Iran, 
and China (13,25). In the United States, the percentage 
of SCC attributable to alcohol intake has been estimated 
to range from 72% to 82% (16,17). 

 In case-control studies in Italy, Hong Kong, and 
South America, the dose-response gradients for alcohol 
consumption remained strong when analyses were re-
stricted to lifelong nonsmokers (13). However, other 
measures of exposure such as duration and age started 
drinking have not shown signifi cant gradients in risk 
(13). Years since stopping drinking did not affect the 
risk of esophageal cancer in France or Argentina but did 
in Hong Kong, Paraguay, and Taiwan (12,13). 

 Variability in risks by type of alcoholic beverage 
may refl ect culturally or economically determined drink-
ing habits. Generally, the beverage most strongly asso-
ciated with the risk of esophageal cancer has been the 
one most frequently consumed by the study population 

(13). For example, in most studies, the risk was greatest 
among users of hard liquor. However, wine was most 
strongly implicated in a region of Italy where wine is 
the major contributor to ethanol intake, and moonshine 
(home-brewed) whiskey was implicated in a high-risk 
area of coastal South Carolina (13). In addition, con-
sumption of apple brandy, home-brewed rum,  aguardi-
ente  (a local spirit), and  shochu  has been associated with 
excess risk of esophageal cancer in France, Puerto Rico, 
Paraguay, and Japan, respectively (13). 

 Although alcohol is strongly related to risk of 
esophageal cancer, the components or mechanisms re-
sponsible for its carcinogenicity have not been identifi ed. 
Findings of studies conducted in Italy and Switzerland 
have supported the notion that subjects who drank alco-
hol outside meals (i.e., not with food) regardless of level 
were at greater risk of SCC than subjects who drank only 
with meals, possibly because of the more rapid absorp-
tion of alcohol (26). The results of several studies suggest 
that concentrated liquor is associated with higher risk 
than diluted liquor because of local effects on tissue (13). 
While certain kinds of alcoholic beverages, including 
beer and whiskey, may contain compounds that are car-
cinogenic, fi ndings suggest that the risk of SCC is associ-
ated with alcohol per se, rather than with the presence 

TABLE 12.3 
Risk and Protective Factors for Esophageal Cancers by Histologic Cell Type

Factors Squamous cell carcinoma Adenocarcinoma

Tobacco use +++ ++

Alcohol use +++ +

Dietary deficiencies ++ 0

Obesity/high Body Mass Index (BMI) -- +++

High fruit and vegetable intake ++ ++

Hot food and beverages ++ 0

Gastroesophageal reflux disease 0 +++

Barrett’s esophagus 0 +++

Helicobacter pylori prevalence +/- -

Human papilloma virus + 0

Aspirin/NSAIDa use -- --

Other medical conditions ++ 0

Poverty/low socioeconomic status ++ +

Radiotherapy ++ ++

Occupational exposures + 0

Abbreviation: aNSAID = non-steroidal anti-inflammatory drugs.
Risk factor: +++ (strong and well documented); ++ (medium); + (weak/not well  documented)
Protective factor: --- (strong and well documented); -- (medium); - (weak/not well documented) 
No documented relationship: 0
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of contaminants, fl avoring compounds, or additives that 
may vary among types of beverages (13). Acetaldehyde, 
a metabolite of alcohol and a recognized animal carcino-
gen, may play a critical role in the mechanism by which 
alcohol causes esophageal cancer (13). 

 Adenocarcinoma 

 Although several earlier case-control studies suggested 
a modest association between alcohol intake and risk 
of AC, more recent studies found no association with 
any measure of alcohol intake or type of beverage 
(13,19,20,22). 

 Alcohol-Tobacco Interactions 

 Squamous Cell Carcinoma 

 In Western Europe and North America, 80%–90% of 
the risk of SCC has been attributed to alcohol and to-
bacco use (13,17). Alcohol and tobacco appear to act 
independently, with the importance of each factor de-
pending on the baseline characteristics of the population 
under study. In most studies, heavy consumers of both 
alcohol and tobacco have the highest risk of esophageal 
cancer, often consistent with multiplicative interaction 
(8,12,13). 

 Diet and Nutrition 

 Body Mass Index (BMI), Food Groups, 
and Nutrients 

 Squamous Cell Carcinoma 
 Dietary insuffi ciencies appear to contribute to the vary-
ing incidence of SCC around the world (13). High-risk 
populations for SCC are frequently malnourished, and 
risk tends to increase as BMI decreases (11,13,24,27). 

 A protective effect of fruit and vegetable consump-
tion, especially those eaten raw, is supported by a large 
quantity of epidemiologic data from around the world 
(13,28–30). Fruits and vegetables contain a variety of 
micronutrients and other dietary components with po-
tential anticarcinogenic effects. The population attrib-
utable risk for low fruit and vegetable intake has been 
estimated to range from 29% to 44% in U.S. case-control 
studies (16,17). 

 A number of case-control studies have suggested 
a protective effect of vitamin C from supplements and 
food sources (13,31–33). Vitamin C blocks the endog-
enous formation of N-nitroso compounds, which are 
suspected factors in the etiology of esophageal cancer in 
some high-risk areas of the world (13). 

 Case-control studies that have attempted to evalu-
ate other food groups and nutrients have found an el-
evated risk associated with high consumption of retinol, 

dietary cholesterol, animal protein, polyunsaturated fat/
linoleic acid, total fat, and vitamin B12, while alpha- 
and beta-carotene, beta-crytoxantin, lycopene, folate, 
vitamin E, vitamin B6, zinc, selenium, and fl avonoids 
generally appeared to be protective (13,31–40). 

 Some case-control studies of SCC have reported el-
evated risks associated with consumption of barbequed 
or fried meats, possibly due to the formation of het-
erocyclic amines during cooking (13). In addition, the 
higher risks associated with red meat (especially cured 
or processed meat); pickled vegetables; salted fi sh; and 
moldy breads, rice, and cereals suggest an effect of 
N-nitroso compounds or their precursors (nitrates and 
amines) (13,28,30,41). A protective effect of frequent 
consumption of fi sh high in polyunsaturated omega-3 
essential fatty acids has also been reported (13,30). 

 It has been diffi cult to disentangle the infl uence of 
dietary and nutritional factors from the potent effects of 
alcohol and tobacco on the risk of esophageal cancer. In 
particular, heavy consumption of alcoholic beverages can 
interfere with the consumption and utilization of a variety 
of nutrients, including vitamins A, C, D, the B vitamins, 
zinc, and protein (13). Also, since poor nutrition is a risk 
factor for esophageal cancer, it is conceivable that alco-
hol increases risk, in part, by reducing nutrient intake. In 
addition, smokers appear to have lower intake of several 
nutrients including vitamin C than nonsmokers (13). 

 Adenocarcinoma 
 In contrast to SCC, where high-risk populations are 
generally poorly nourished, AC risk tends to rise as 
BMI increases, with subjects in the highest quartile of 
BMI having 3–7 times the risk of subjects in the low-
est quartile (13,21,27,42,43). The mechanism by which 
obesity affects the risk of AC is unclear (21), although 
it may be linked to the predisposition of obese individu-
als to develop gastroesophageal refl ux disease (GERD) 
(13). Whatever the process, it seems likely that obesity 
contributes to the upward trend in AC, in view of the 
sharply increasing prevalence of individuals classifi ed as 
overweight and/or obese in the United States (44). The 
percentage of AC attributable to the highest vs. the low-
est quartile of BMI was recently estimated at 21% in a 
U.S. case-control study (16). 

 Various foods, food groups, and nutrients have 
been associated with risk of AC, but most consistent is a 
protective effect of consumption of fruits and vegetables 
as well as fi ber (13). In the United States, the percentage 
of AC attributable to low consumption of fruits and veg-
etables was recently estimated at 15% (16). 

 Nutrients that may be protective against AC include 
antioxidants (vitamin C, vitamin E, and beta-carotene), vi-
tamin B6, vitamin B12, and folate (13,36,40,45). Animal-
based foods (total meat, processed meat, red meat) and 
associated macronutrients (e.g., total fat, saturated fat, 
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total protein, animal protein, and cholesterol) have been 
associated with elevated risk in some studies (13,46). 

 Hot Food and Beverages 

 Squamous Cell Carcinoma 
 Although consumption of green tea at normal tempera-
tures has been associated with a reduced risk of esopha-
geal cancer (13,28), drinking tea, including green tea, 
at exceptionally hot temperatures appears to increase 
SCC (13). Excess risks have also been associated with 
consumption of burning hot soup, gruel, porridge, and 
other beverages, suggesting a role for thermal injury to 
the esophagus (13,28,41). 

 Consumption of hot alcoholic beverages, especially 
hot Calvados, was associated with elevated risks of esoph-
ageal cancer in France; declines in that formerly wide-
spread habit likely contributed to the downward trend 
in incidence in western France (13). In high-risk areas of 
South America, chronic thermal injury from mate, a local 
tea prepared as an infusion of the herb  Ilex paraguayenis  
and usually drunk very hot, has been linked to esopha-
geal cancer (13,24,47). Based on the South American 
data, an IARC working group concluded in 1991 that 
“hot mate drinking is probably carcinogenic to humans” 
(48). In Uruguay, the percentage of SCC due to consump-
tion of mate was estimated at 53% (47). 

 Medical Conditions and Medications 

  Gastroesophageal Refl ux Disease (GERD) 
and   Helicobacter pylori  

 Squamous Cell Carcinoma 
  Helicobacter pylori (H. pylori)  infection, especially with 
CagA+ strains, has been associated with an increased 
risk of SCC in some studies and a protective effect in 
others (49–51). The discrepancy may result from the in-
terplay of  H. pylori  infection and atrophic gastritis (52). 
 H. pylori  infection appears to be associated with an in-
creased risk of SCC when it induces atrophic gastritis but 
a decreased risk when it induces an antral-predominant, 
non-atrophic gastritis (52). 

 Adenocarcinoma 
 Signifi cant 2-fold or greater risks of AC have been as-
sociated with the presence of GERD, a major risk factor 
that predisposes the esophagus to Barrett’s esophagus, a 
precursor lesion for AC (13,21,53). It has been hypoth-
esized that use of lower esophageal sphincter-relaxing 
(LES) drugs such as anticholinergic agents, may promote 
GERD and thus contribute to the risk of AC (13). An 
elevated risk with LES drug use was observed in a Nor-
wegian case-control study (20) but not in most other 
studies (13,54). 

 Several but not all case-control studies found that 
infection with CagA+ strains of  H. pylori  was associated 
with a reduced AC risk (13,51,55–57). Further investi-
gations are needed to determine whether the decreasing 
prevalence of  H. pylori  infection may contribute in some 
way to the upward trend for AC. 

 Human Papilloma Virus 

 Squamous Cell Carcinoma 
 Human papilloma virus (HPV) (particularly HPV-16 and 
HPV-18) is an oncogenic virus that appears to play an eti-
ologic role in some high risk areas with an exceptionally 
high incidence of esophageal cancer, such as China, Iran, 
South Africa, and South America (13,58–65). However, 
HPV does not appear to be related to the risk of SCC in 
the United Kingdom and North America (13). 

 Other Medical Conditions 

 Squamous Cell Carcinoma 
 Elevated risks of esophageal cancer have been reported 
with certain medical conditions, such as pernicious ane-
mia, achalasia, some autoimmune diseases, gastrectomy, 
and chemical injuries to the esophagus (13). In clinical and 
case-control studies, a high risk of SCC has been reported 
in association with tylosis, a dominantly inherited disorder 
characterized by palmar and plantar keratoses (PPK) and 
often accompanied by esophageal hyperkeratosis (13,66). 
It has been suggested that a hereditary predisposition may 
cause both PPK and SCC (66). Some studies have indicated 
a familial tendency for esophageal cancer, although it is 
diffi cult to distinguish genetic from environmental factors 
(11,13,67). A striking excess risk of SCC has been demon-
strated following other tumors of the upper aerodigestive 
tract that share major risk factors (alcohol and tobacco) 
and may share genetic mechanisms (13). 

 Aspirin and Non-Steroidal Anti-Infl ammatory 
Drugs (NSAIDs) 

 Squamous Cell Carcinoma 
 Use of aspirin and other NSAIDs has been associated 
with reduced risk of SCC in most epidemiologic studies 
(13,20,68) 

 Adenocarcinoma 
 Use of aspirin and other NSAIDs, COX-2 inhibitors, 
and corticosteroids have been associated with a reduced 
risk of AC in some but not all studies (20,54,69,70). 
There is a suggestion that recent use may be more im-
portant than long-term use and might protect against 
development of AC in people with Barrett’s esophagus 
(68,71). 
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 Socioeconomic Status 

 Squamous Cell Carcinoma 

 The highest rates of SCC are generally found in areas of 
the world where the population is impoverished. Within 
various populations, the risk of esophageal cancer is 
greatest among those with the lowest socioeconomic 
status (SES), whether measured by income, education, 
or occupation (11,13,30,47). In addition, increased 
risks have been reported for single compared with mar-
ried men (13). Low SES is obviously a surrogate for a set 
of lifestyle and other environmental factors (e.g., poor 
housing, unemployment or workplace hazards, limited 
access to medical care, stress, poor nutrition, exposure 
to infectious agents), some of which may affect suscep-
tibility to environmental carcinogens (13). 

 Adenocarcinoma 

 Low SES based on income, education, and occupation 
has been related to excess risk of AC (13,19,72), al-
though the effect is less pronounced than for SCC. This 
differential is consistent with studies reporting a higher 
percentage of AC cases in professional/skilled occupa-
tions as compared with SCC cases (13). 

 Radiation 

 Squamous Cell Carcinoma 

 Ionizing radiation has been linked to esophageal can-
cer, particularly among patients irradiated for ankylos-
ing spondylitis and for breast cancer (13,73–76). In one 
study, postmastectomy radiation therapy was associated 
with greater than a 2-fold risk of SCC, whereas no sig-
nifi cant increase in risk was associated with lower-dose 
postlumpectomy radiation therapy (75). In addition, 
increased risk was restricted to SCCs in the upper and 
middle thirds of the esophagus. Signifi cant excesses of 
esophageal cancer risk also have been reported among 
A-bomb survivors in Japan (13). 

 Adenocarcinoma 

 In a study based on U.S. SEER data, no signifi cant risk 
of AC was found following either postmastectomy or 
postlumpectomy radiation (75). 

 Occupation and Industry 

 Squamous Cell Carcinoma 

 Esophageal cancer is not usually considered to be an 
occupational disease, although elevated risks have been 

reported for several exposures. Presented below are 
some of the more consistent fi ndings. 

 Excesses reported among Swedish brewery work-
ers and Norwegian and Swedish hotel and restaurant 
workers are likely due to their higher intake of alcohol 
or tobacco or to exposure to passive smoking (13,77). 
The lower risk of esophageal cancer generally reported 
among farmers appears to be related to their lower in-
take of alcohol compared with the general population 
(13,78). 

 Increased risks of esophageal cancer have been 
observed among chimney sweeps, printers, metal work-
ers exposed to metalworking fl uids, metal polishers and 
platers, dry cleaners, gas station attendants, vulcaniza-
tion and other rubber industry workers, asphalt work-
ers, automobile manufacturing workers, and textile 
fi nishers and dyers exposed to fumes from incomplete 
combustion of organic material or to perchloroethy-
lene (PCE) and other chemical solvents and detergents 
(13,79). Excess risks of esophageal cancer have been 
reported among workers exposed to silica and metal 
dust, and among concrete and construction workers 
(13,77,78). The association between asbestos exposure 
and esophageal cancer is unclear, as increased risks have 
been reported in some but not all studies (13,80). 

 Adenocarcinoma 

 Although a few associations between employment and 
AC have been noted (e.g., construction workers exposed 
to asbestos and cement dust, and health services work-
ers), occupational exposures are thought to play only a 
minor etiologic role (81,82). Occupational physical ac-
tivity was associated with a modest protective effect in a 
recent U.S. case-control study (83). 

 Impact of Risk Factors in the United States 

 Squamous Cell Carcinoma 

 In a U.S. case-control study, moderate/heavy levels of al-
cohol intake, use of tobacco, infrequent consumption of 
raw fruits and vegetables, and low income were found to 
account for over 98% of the SCC among both black and 
white men (17). It is likely that declines in the prevalence 
of smoking since the 1960s, especially among men, may 
have contributed to the downward trends reported for 
this cancer. 

 Adenocarcinoma 

 In another U.S. case-control study, use of tobacco, high 
BMI, infrequent consumption of fruits and vegetables, 
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and GERD were found to account for almost 82% 
of the AC among white men and 51% among white 
women (16). Data emerging from recent studies suggest 
that the relationship with obesity may account for part 
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  HISTOLOGIC ASPECTS AND DEFINITIONS 

The presence of islands of columnar epithelium amidst 
the esophageal squamous mucosa was described by 
investigators in early publications. It was Norman R. 
Barrett, however, who investigated in depth the esopha-
geal mucosa in hundreds of specimens, fi nally conclud-
ing that foci of columnar epithelium could regularly 
be found in the esophagus in 3 circumstances: (a) in 
hiatal hernia, (b) as true ectopic mucosa, and (c) as 
an extension of the esophagogastric junction. In his 
last paper, presented at the Mayo Clinic in 1957, he 
speculated that these islands represented a failure of 
the embryonic lining of the esophagus to achieve ma-
turity (congenital origin). In his last remark, however, 
he emphasized that chronic gastroesophageal refl ux 
could also pay a role (1). Subsequent publications de-
scribed 3 types of epithelia in these islands: (a) fundic 
glands, (b) cardiac-type glands, and (c) “specialized” 
(intestinal) epithelium (2). Currently only the presence 
of specialized epithelium, namely goblet cells, is con-
sidered essential to diagnose Barrett’s esophagus (3). 
The types of intestinal metaplasia present in Barrett’s 
esophagus are either type II, where the glands are a 
mixture of gastric foveolar type and goblet cells, or 
type III, consisting only of goblet cells (Figure 13.1). 
Both types are considered incomplete intestinal meta-
plasia. Rarely, type I complete intestinal metaplasia, 

containing Paneth and absorptive cells, is present in 
Barrett’s esophagus. The mucin present in goblet cells 
is Alcian blue (pH 2.5) positive and consists of sialo-
mucins and sulfomucins, with the former predominat-
ing (Figures 13.2 and 13.3).   

 Alcian blue positivity has been observed in colum-
nar cells lacking goblet cell morphology, leading some 
investigators to diagnose Barrett’s esophagus (4), but 
currently is not considered as Barrett’s epithelium. 

 Islands of columnar epithelium containing fundic 
or intestinal glands are found occasionally in the cervi-
cal esophagus (“inlet patches”); these are not considered 
Barrett’s esophagus, although adenocarcinomas may 
arise in them. 

 Fundic or cardiac type glands are considered to 
be part of the normal esophageal mucosa in the dis-
tal 3 cm of esophagus, within the lower esophageal 
sphincter (LES) area. This area lies immediately above 
the squamocolumnar junction (Z line—SQC), which 
does not necessarily coincide with the gastroesophageal 
junction (GEJ) or muscular GEJ (5). If fundic epithelium 
is found proximal to 3 cm above the SCJ, it most likely 
represents a hiatal hernia. In general, however, columnar 
epithelium present above 3 cm from the SCJ usually con-
tains metaplastic intestinal epithelium, although it may 
be mixed with cardiac-type epithelium. 

 The prevalence of Barrett’s esophagus has been es-
timated to be 10% of the patients with gastroesophageal 
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refl ux referred for endoscopy (6). The true frequency 
may be much higher, up to 20% (7). 

 Currently the diagnosis of Barrett’s esophagus re-
quires that a clear endoscopic fi nding of red, velvety ap-
pearing mucosa accompanies the histologic fi nding of 
goblet cells, according to the American College of Gas-
troenterology (8) (Figure 13.4).     

 Barrett’s esophagus is a disorder found mainly in 
white middle-aged males with chronic gastroesophageal 
refl ux disease (GERD); it is extremely infrequent in Afri-
can Americans, where it was reported with a prevalence 
of 3.5% (9). It also occurs in children, also as a result of 
GERD, although its frequency in this population is un-
known (10). The mechanisms leading to GERD include 
the presence of hiatal hernia, lower esophageal sphincter 
(LED) dysfunction, gastric hypersecretion, and duode-
nal gastric refl ux (11). 

FIGURE 13.1

Low-power view of columnar lined esophageal mucosa with 
“specialized” (intestinal) epithelium.

FIGURE 13.2

Lower-power view of gastric and intestinal type epithelia at 
squamocolumnar junction (PAS-Alcian blue x 100).

FIGURE 13.3

High-power view of goblet cells containing sulfomucins (high 
iron diamine stain x 400).
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 Dysplasias 

 Barrett’s esophagus is a preneoplastic disorder, thus a 
marker for the development of esophageal adenocarci-
noma (12). The progression of columnar epithelium to 
malignancy is the result of sequential events from meta-
plasia to dysplasia to adenocarcinoma. 

 The term  dysplasia  was coined by Ober in 1949  , 
cited by Papanicolau, to describe the neoplastic trans-
formation of the uterine cervix squamous mucosa con-
fi ned to the epithelium. The same year, Warren and 
Sommers used the term to describe similar changes 
occurring in the colon in long-standing ulcerative 
colitis. 

 In 1967, Morson reported the use of rectal biopsy 
to control cancer in ulcerative colitis. Subsequently, a 
group of gastrointestinal pathologists, members of the 
“Committee on Dysplasia,” established a classifi ca-
tion of dysplasia in infl ammatory bowel disease (13). 
The classifi cation established 3 categories: negative for 
dysplasia, indefi nite for dysplasia, and positive for dys-
plasia. Positive cases were subclassifi ed as low- or high-
grade dysplasia. 

 This classifi cation has been similarly used in Bar-
rett’s esophagus. The microscopic features that are im-
portant in the diagnosis of dysplasia are: (a) alterations 
in glandular architecture, (b) cytologic changes, (c) sur-
face maturation, and (d) infl ammation with erosions or 
ulcers. Surface maturation refers to the decrease in size 
of the nuclei reaching the surface and the presence of 
regularly interspersed goblet cells, replicating normal 
colonic epithelium. 

 CLASSIFICATION 

   Negative for dysplasia:   The glandular architecture and 
cellular morphology are normal, but the basal por-
tion of the glands shows regenerative (reactive) ac-
tivity. There is nuclear enlargement, pleomorphism, 
hyperchromasia and stratifi cation. The surface, how-
ever, displays smaller nuclei (mature) with smooth 
contours, less intensity of staining, and absence of 
stratifi cation. 

   Indefi nite for dysplasia:   Glandular architecture and cy-
tologic changes are either intact or may be slightly 
abnormal. Changes are more pronounced when there 
are marked infl ammatory changes, erosions or ulcer-
ations, and frequent mitoses. In indefi nite without in-
fl ammation, there are similar features without active 
mitotic rate. The classifi cation is also used when there 
is no visible intact surface to evaluate. 

   Low-grade dysplasia:   Crypt architecture is usually pre-
served, or it may show slight distortion. The nuclei are 
enlarged, hyperchromatic, pleomorphic, and crowded. 
Abnormal mitoses may be present. Goblet cells are de-
creased. The stratifi cation of nuclei does not reach the 
apical surface of the cells. The abnormalities are pres-
ent in the basal portion of the glands and extend to the 
surface (Figure 13.5).   

   High-grade dysplasia:   There is marked architectural dis-
tortion of glands, with branching and lateral budding. 
The nuclear changes are similar to those in low-grade, 
but in high-grade, the nuclear stratifi cation is more 
pronounced on the surface and there is loss of nuclear 
polarity. The surface may have a villiform appearance. 
When intraglandular bridging occurs (“cribriform 
pattern”), it indicates an intramucosal carcinoma. 
The goblet cell population is markedly depleted, if not 

FIGURE 13.4

Partial esophagogastrectomy showing the replacement 
of squamous mucosa by glandular type in the lower 
esophagus.

FIGURE 13.5

High-power view of low-grade dysplasia (H&E x 400).
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absent. Some of the goblet cells may be dystrophic, 
where the mucus droplet is not in contact with the 
luminal surface (Figure 13.6) (see Table 13.1).   

 INTERPRETATION OF DYSPLASIA 

 The dysplastic changes observed in Barrett’s esophagus 
are not exactly of a single type that would permit clear-

FIGURE 13.6

High-power view of high-grade dysplasia) (H&E x 400).

TABLE 13.1 
Morphologic Characteristics of Dysplasia

Indefinite for dysplasia Low-grade dysplasia High-grade dysplasia

Glandular distortion –
Absent

+
Mild distortion

++ / +++
Branching and lateral 
budding—may have 

 cribriform areas

Nuclear enlargement – / + + / ++ ++ / +++

Nuclear hyperchromasia – / + – / + ++ / +++

Nuclear crowding / 
 stratifi cation

– / + ++ ++ / +++

Loss of nuclear polarity – / + – / + ++ / +++

Surface maturation ++ – / + –

Goblet cells ++ / +++ – / + –

Infl ammation + / +++ + –

Mitotic activity + + / ++
Abnormal mitoses

may be present

+++
 Up to luminal 

surface
Abnormal mitoses

cut separation of the different types. It usually displays 
features encompassing the entire spectrum of abnor-
malities. Thus a great deal of subjectivity is involved in 
arriving at a diagnosis (14). In an effort to overcome 
discrepancies in interpretation of biopsies, a group of 
gastrointestinal pathologists examined a number of bi-
opsy specimens; they concluded that there was a high 
degree of intra- and interobserver variability in low-
grade dysplasia. On the other hand, there was nearly 
80% agreement in high-grade dysplasia (15). The study 
revealed a blurring in the boundaries between grades, 
particularly between indefi nite and low-grade dysplasia. 
As a consequence many pathologists currently combine 
those 2 stages into a 1. 

 Recently, another study confi rmed the much higher 
agreement among pathologists in the diagnosis of high-
grade dysplasia and intramucosal carcinoma (16). 

 Another problem in establishing the diagnosis of 
dysplasia is related to sampling. Since dysplasia is not 
endoscopically apparent, sampling must take this fact 
into consideration. Most protocols recommend 4 quad-
rant biopsies at intervals of 2 cm or less throughout the 
endoscopically visible Barrett’s mucosa. 

 Although complications arising from using jumbo 
forceps are not greater than smaller ones, many endos-
copists are reluctant to use the jumbo size. It is contro-
versial whether there is a discrepancy in the diagnostic 
yield of both approaches. 



 13 • PATHOLOGY OF BARRETT’S ESOPHAGUS AND ESOPHAGEAL NEOPLASMS 119

 A fi nal consideration is the orientation of the speci-
men in order to examine luminal surface, which is critical 
for the diagnosis. Best results are obtained by orienting 
the specimen in the endoscopy suite, rather than in the 
histology laboratories at the time of embedding into par-
affi n block (17). 

 FOLLOW-UP OF BARRETT’S ESOPHAGUS 

 The recommendations from the American College of 
Gastroenterology are as follows (8): 

 Low-grade: repeat yearly until no dysplasia. 
 High-grade: repeat every 3 months; sample adequately 

to exclude cancer. 

 Confi rmation of HGD by another pathologist with exper-
tise in gastrointestinal pathology is highly recommended. 

 Ancillary Techniques for Barrett’s Dysplasia 

 A number of techniques have been proposed to supple-
ment the microscopic impression. None of them, how-
ever, have been proven to be superior to the histologic 
examination. Among them fl ow cytometry seems to be 
most promising. Several consecutive studies showed 
prevalence of DNA aneuploidy and elevated S fraction, 
which correlated with histologic severity (18). Another 
study of 62 patients correlated histology and fl ow cy-
tometry; 9 of 13 patients with aneuploidy eventually 
developed high-grade dysplasia or carcinoma in a fol-
low-up of 34 months. None of the 42 patients without 
aneuploidy progressed to HGD or carcinoma (16). In 
contrast, another study found no defi nite correlation be-
tween HGD and fl ow cytometric abnormalities (19). 

 Other screening techniques include the analysis 
of goblet cell mucus by histochemistry to demonstrate 
sulfomucins (20); immunohistochemistry to detect p53 
overexpression (21) and c-erb B2, H-ras, C-myc, TGF 
alpha, EGF (22,23). 

 None of these techniques, however, have been 
found to be of clinical utility. 

 ADENOCARCINOMA 

 Invasion through the basement membrane into the 
lamina propria is diffi cult to diagnose in its early phase. 
There may be effacement of the stroma and a syncitial 
growth pattern in small clusters; occasionally single cells 
can be identifi ed. Later on, desmoplasia develops, espe-
cially when the muscularis mucosa is penetrated and the 
tumor cells reach the submucosa (Figure 13.7).   

 Invasive adenocarcinoma of the esophagus was re-
ported to develop in 50%–60% of patients within 3–5 
years of a diagnosis of high-grade dysplasia; overall, 
10% of all patients with Barrett’s esophagus developed 
adenocarcinoma. This number, however, is questionable 
since it includes both prevalent and incident adenocarci-
nomas. The real risk for patients with Barrett’s esopha-
gus to develop cancer is most likely 2.5%–3%. The risk 
factors for development of cancer are the same as in Bar-
rett’s esophagus: middle-aged white males. Smoking and 
alcohol consumption are not signifi cant factors; obesity 
may play a role. 

 The most common location of tumors is in the distal 
third of the esophagus. Grossly they appear as fi rm, white 
masses; the adjacent Barrett’s mucosa is salmon color 
with velvety appearance (Figure 13.8). Microscopically 

FIGURE 13.7

Low-power view of adenocarcinoma in mucosa and submu-
cosa (H&E x 100).

FIGURE 13.8

Polypoid adenocarcinoma at gastroesophageal junction.
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they may have a papillary or tubular growth. Neuroen-
docrine or Paneth cells are present in some tumors. The 
majority of adenocarcinomas are either moderate or well 
differentiated. A linitis plastica-like growth pattern was 
reported (24). Small subsets of adenosquamous, adenoid 
cystic, mucoepidermoid, and spindle cell types have also 
been reported.   

Esophagectomy is the treatment of choice, pre-
ceded by neoadjuvant chemotherapy and radiotherapy. 
The prognosis is poor in stages T2 and beyond. Tumors 
in stage T1 have a good prognosis (see below).

 MANAGEMENT OF DYSPLASIAS 
AND CARCINOMAS 

 Our Experience 

 During the past 25 years, we have diagnosed and fol-
lowed a cohort of 1,556 patients with Barrett’s esopha-
gus through an organized surveillance program at Hines 
Veterans Affairs Hospital, Hines, Illinois. Of the 1,156 
patients, 483 had Barrett’s metaplasia, 976 had indefi nite/ 
low-grade dysplasia, and 97 had high-grade dysplasia. 
The protocol was in accordance with the standards of 

the American College of Gastroenterology (see above 
section on the follow-up of Barrett’s esophagus) (8). Of 
the 97 with high-grade dysplasia, 34 were prevalent (di-
agnosed at fi rst endoscopy or within 1 year after fi rst 
endoscopy) and 46 were incident (developed after 1 year 
of fi rst endoscopy). There were a total of 22 adenocar-
cinomas; 5 were prevalent and 17 were incident adeno-
carcinomas. Of the 17 incident adenocarcinomas, 9 were 
cured by surgery or ablation therapy. Seven patients died 
of non-Barrett’s related causes and 1 died of adenocarci-
noma of the esophagus with metastases. This last patient 
moved out of state after the diagnosis was made and was 
lost to follow-up for 10 years, when he returned with 
generalized metastases. Of the other 80 cases of high-
grade dysplasia, 52 are alive and continue their follow-
up. Twenty-eight patients with high-grade dysplasia died 
of non Barrett’s-related causes. 

 In conclusion, the incidence of carcinoma develop-
ing in this cohort was 12%, with a prevalence of 3.7%. 
A smaller number of patients with similar fi ndings was 
reported in 2001 (25). We conclude that the majority 
of patients with Barrett’s esophagus follow a benign 
course; furthermore, adenocarcinomas arising in Bar-
rett’s esophagus in a surveillance program can be cured 
by surgery or ablation procedures. 
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  14    
The Link Between 
Esophageal Cancer and 
Morbid Obesity 

 Robert W. O’Rourke 

besity is a worldwide epidemic with 
signifi cant impact on public health. 
Obesity is defi ned as a body mass 
index (BMI; weight [kg]/height 
[m] 2 ) greater than 30, while the 

term  morbid obesity  is generally applied to patients who 
meet NIH consensus criteria for surgical therapy, which 
include BMI> = 40, or BMI> = 35 with a serious comor-
bidity of obesity (NIH conference 1991). Increased adi-
pose tissue mass is the sine qua non of obesity and has 
detrimental effects on virtually all physiologic systems. 
Obesity is therefore an important risk factor for multiple 
comorbid disease processes. Cancer ranks among these, 
as a large body of literature demonstrates that obesity 
has important effects on anti-tumor immunity and is as-
sociated with an increased risk of most cancers (1–3). 
Animal models of caloric restriction are associated with 
reduced incidences of cancer (4), further supporting a 
link between mechanisms that regulate carcinogenesis 
and weight. Appropriate preventive and interventional 
management of cancer of all types must therefore include 
consideration of body weight. Obesity is associated with 
an increased risk of esophageal adenocarcinoma and its 
predecessors, gastroesophageal refl ux disease (GERD) 
and Barrett’s esophagus, and is therefore an important 
factor to consider in the evaluation of the patient with 
or at risk for esophageal cancer. 

 OBESITY AND ESOPHAGEAL CANCER 

 Due to its low incidence, population-based studies and 
meta-analyses have become important tools for the study 
of associations between esophageal cancer and putative 
risk factors such as obesity. As a whole, this literature 
demonstrates a strong association between obesity and 
esophageal adenocarcinoma with a dose-dependent ef-
fect of increasing BMI on odds ratios for developing dis-
ease, which range from 2 to 8 at the extremes of BMI 
(Table 14.1). Some studies distinguish between tumors 
of the distal esophageal and gastric cardia, and taken 
together, these data suggest that while obesity is also 
a risk factor for adenocarcinoma of the cardia, asso-
ciated odds ratios are generally lower than for adeno-
carcinoma of the distal esophagus, suggesting different 
mechanisms of disease pathogenesis. The prevalences of 
obesity and esophageal adenocarcinoma have increased 
in parallel over the past 3 decades, but a causal relation-
ship between obesity and esophageal adenocarcinoma 
remains unproven. Other potential mitigating factors 
have also increased in prevalence over the same time 
period, most notably the use of effective antacid therapy 
and an increasingly high-fat, low-fi ber diet. The precise 
mechanisms underlying the relationship between obe-
sity and esophageal adenocarcinoma remain unknown 
and are the focus of the following discussion, but these 

 O
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associations are certainly multifactorial, and variables 
in addition to obesity clearly play a role in the develop-
ment of esophageal cancer.   

 In contrast to the strong association between 
obesity and esophageal adenocarcinoma, most studies 
demonstrate either no such association (5,6) or in some 
cases, an inverse correlation (7) between adiposity and 
squamous cell carcinoma of the esophagus. Indirect sup-
port for a lack of a causal association between these en-
tities is provided by the observation that worldwide, the 
incidence of squamous cell carcinoma of the esophagus 
is stable or decreasing (8,9), despite the dramatic rise in 
the prevalence of obesity. Consistent with these observa-
tions, squamous cell carcinoma of the esophagus may 
be more strongly associated with tobacco use, which is 
also decreasing in prevalence (10). Also of interest but 
of unknown signifi cance, histologic prevalence trends 
between adenocarcinoma and squamous cell carcinoma 
of the lung over the last few decades are similar to those 
associated with esophageal cancer. It is postulated that 
similar as yet unknown epidemiologic trends may un-
derlie these phenomena (9). This chapter will discuss the 

putative mechanisms underlying the association between 
obesity and esophageal cancer. 

 GASTROESOPHAGEAL REFLUX DISEASE 

 Obesity is a risk factor for gastroesophageal refl ux 
disease (GERD), which is in turn a primary risk fac-
tor for esophageal adenocarcinoma. The association 
between obesity and esophageal cancer may be related 
to GERD. It is important to understand the complexi-
ties of the relationship between GERD and esophageal 
adenocarcinoma in order to fully appreciate the role of 
obesity in these disease processes. A detailed discussion 
of the relationship between GERD, Barrett’s esopha-
gus, and esophageal adenocarcinoma is beyond the 
scope of this chapter and is addressed elsewhere in this 
book. In brief, strong epidemiologic evidence identifi es 
GERD as a principal risk factor for the development of 
esophageal adenocarcinoma and Barrett’s esophagus as 
an intermediate premalignant precursor (11). Despite 
this evidence, a direct casual link between GERD and 

TABLE 14.1
Obesity and Esophageal Adenocarcinoma

Author Location Study design
OR for esopha-

geal cancer
OR for cardia 

cancer

n (cancer or case  
subject or total 

population studied)

Brown 
et al. 1995

U.S. National population-
based case-control can-
cer registry interview

3.1 N/A 174

Vaughan 
et al. 1995

U.S. Population-based Wash-
ington state SEER cancer 
registry database

1.6–2.5 0.8–1.6 298

Lagergren 
et al. 1999

Sweden National population-
based case-control

2.2–7.6 0.9–2.3 189

Veugelers 
et al. 2003

Canada Case control, single 
center

4.7 N/A 57

Engel 
et al. 2003

U.S. State-based (NJ, CT, 
WA) population-based 
case-control

5.4–21.3 0.9–12.9 293

Kubo 
et al. 2006

N/A Meta-analysis 2.2 1.5 2,488

Ryan 
et al. 2006

Ireland Case control, single 
center

4.3–11.3 3.5 760

Hampel 
et al. 2007

N/A Meta-analysis 1.5–2.8 N/A N/A

Odds ratios are a range from lowest to highest risk, and methods of calculation vary depending on stratification method (e.g., quartiles, 
deciles, etc.), referent group (lean vs. less obese), and adjusted confounders. Subject number (n) is reported as number of cases or total 
population depending on study design.
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esophageal cancer, while strongly suspected, has not 
been defi nitively established. Proving such an intuitive 
and biologically plausible association has been diffi cult 
for a number of reasons, including the low overall prev-
alence of esophageal adenocarcinoma, the inaccuracies 
of symptomatic assessment and paucity of objective 
diagnostic testing for GERD in large population-based 
studies, and the increasing variety of currently avail-
able testing methods that defi ne GERD. In addition, 
GERD is a diverse disease that encompasses both acid 
and non-acid refl ux, degrees of severity, and periods of 
remission and exacerbation. Not surprisingly, confl ict-
ing epidemiologic trends suggest a complex and multi-
factorial relationship between GERD and esophageal 
adenocarcinoma. For example, while adenocarcinoma 
of the esophagus has a strong male and Caucasian 
predominance, only weak gender and ethnicity pre-
dispositions exist for GERD (12–14). In addition, the 
increased prevalence of both GERD and esophageal 
adenocarcinoma appear to have begun simultaneously, 
a fi nding inconsistent with the long latency period be-
tween initiation and development of cancer. Despite 
these inconsistencies, however, a preponderance of data 
support the hypothesis that GERD is indeed an impor-
tant risk factor for esophageal adenocarcinoma. Three 
large population-based case-control studies demon-
strate severity and duration of GERD to be associated 

with increasing risk of esophageal adenocarcinoma in a 
dose-dependent fashion (6,15,16). 

 The relationship between obesity and GERD is 
similarly complex. Despite confl icting data (17,18) and a 
long history of debate, the majority of literature (19–23), 
including large recent studies (24,25) and a comprehen-
sive meta-analysis (26), confi rm that obesity is an inde-
pendent risk factor for GERD and that increasing BMI 
has a dose-dependent effect on the likelihood and sever-
ity of symptomatic GERD (Table 14.2). Obesity also ap-
pears to be associated with an increased risk of erosive 
esophagitis and Barrett’s esophagus (27,28), although 
these relationships have been more diffi cult to establish 
given their relatively lower prevalence and requirement 
for endoscopic diagnosis. Most of the literature address-
ing the relationship between GERD and obesity study 
BMI. Of interest, at least 2 studies identify waist circum-
ference, often used as a surrogate for visceral adiposity, 
as a risk factor for Barrett’s esophagus independent of 
BMI (29). These data not only underscore the weakness 
of relying on a single measure of obesity, in this case 
BMI, as a determinant of risk but also suggest the pos-
sibility that visceral adiposity may be a more specifi c 
predictor of obesity-related esophageal disease when 
compared to subcutaneous adiposity. Indeed, the me-
chanic effects of increased visceral adipose tissue mass 
on the anti-refl ux mechanism are commonly proposed 

TABLE 14.2 
Obesity and GERD

Author Location Study design OR for GERD

n (obese or case 
subjects, or total 

population studied)

Locke et al. 1999 Minnesota, U.S. Cross-sectional state-
based survey

2.8 1,524

Ruhl et al. 1999 U.S. National population-
based case-control

1.2 per 5 BMI 
points

12,349

Lagergren et al. 2000 Sweden National population-
based case-control

0.99–1.03 (not 
significant)

820

Nilsson et al. 2003 Sweden National population-
based case-control

3.3–6.3 3,113

El-Serag et al. 2005 VA employees, 
Texas, U.S.

Cross-sectional 
survey

2.5 453

Jacobson et al. 2006 U.S. National population-
based case-control

2.2–2.9 10,545

Hampel et al. 2007 N/A Meta-analysis 1.4–1.9 N/A

Odds ratios are a range from lowest to highest risk, and methods of calculation vary depending on stratification method (e.g., quartiles, 
deciles, etc.), referent group (lean vs. less obese), and adjusted confounders. Subject number (n) is reported as number of cases or total 
population depending on study design.
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as a mechanism underlying the association between obe-
sity and GERD. Detailed manometric study of obese hu-
mans demonstrates increased intragastric pressures and 
gastroesophageal pressure gradients with increasing BMI 
(30), suggestive of greater mechanical stress on the lower 
esophageal sphincter (LES) and the anti-refl ux mecha-
nism as a whole. Nonetheless, obese humans demonstrate 
a wide range of functional disorders of the esophageal 
body and LES. Elevated LES pressure is among the most 
common abnormalities of LES function in obese hu-
mans (31), but a subset of obese patients demonstrates 
decreased LES pressure (32). Obesity also appears to be 
a risk factor for disorders of esophageal body motility 
that may contribute to GERD. These include nutcracker 
esophagus, diffuse esophageal spasm, and non-specifi c 
esophageal motility disorders, which are present at a 
higher prevalence in obese subjects (21,33,34). Finally, 
the importance of hiatal hernia in obesity-related GERD 
is emphasized by data that show that the risk of GERD in 
obese subjects is increased only in those with hiatal her-
nia (35). It is currently unknown whether elevated LES 
pressure and subtle disorders of esophageal body motility 
represent an early compensatory response to mechanical 
stress on the antirefl ux mechanism from increased intra-
abdominal pressure that precede subsequent LES failure 
and more marked disorders of esophageal body function, 
but such a theory is plausible. At the least, these fi nd-
ings suggest a spectrum of effects of obesity on LES and 
esophageal body function.   

 Despite these observations, the effects of obesity on 
intra-abdominal and intragastric pressures are relatively 
modest (19), and other mechanisms likely also under-
lie the association between esophageal adenocarcinoma 
and obesity. Visceral adipose tissue manifests differences 
in metabolism and infl ammation compared to subcu-
taneous adipose tissue and may infl uence GERD and 
esophageal cancer through related systemic effects on 
LES and esophageal function independent of mechanical 
effects (29). Epidemiologic evidence suggests that other 
factors in addition to GERD play a role in the develop-
ment of esophageal cancer in the obese. Obesity is a rela-
tively weak risk factor for GERD, with an odds ratio of 
approximately 1.5, in contrast to its much stronger ef-
fect on the development of esophageal adenocarcinoma, 
with odds ratios ranging from 2 to 9 (26). Furthermore, 
obesity is a risk factor for esophageal cancer indepen-
dent of GERD (6,16). These observations suggest that 
mechanisms in addition to GERD play a role in the evo-
lution of esophageal cancer in the obese patient. 

 DIET 

 Dietary habits associated with obesity may also contrib-
ute to the pathogenesis of esophageal cancer. Obesity is 

generally associated with a high calorie diet. Accurate 
measures of dietary constituents in the general popula-
tion are notoriously diffi cult and prone to signifi cant 
recall bias, but in general, obesity is associated with a 
diet that consists of a higher than average percentages of 
calories from fats and simple sugars, and a lower than 
average intake of complex carbohydrates and dietary 
fi ber (36,37). Obesity is associated with and increased 
prevalence of specifi c micronutrient defi ciencies as well, 
including vitamin D (38–40), folate, B6 (41), B12 (42), 
and selenium (43). The mechanisms underlying these 
defi ciencies in obesity are not completely understood. 
Certainly, dietary habits likely contribute, but increased 
adipose tissue mass and its physiologic sequelae may also 
contribute to perpetuating specifi c defi ciencies, and data 
from animal models suggest that specifi c micronutrients 
may reciprocally affect the degree and distribution of 
adiposity (44). The signifi cance of these observations in 
humans remains unknown. 

 Dietary macro- and micronutrient intake patterns 
associated with obesity have been linked to many types 
of cancer, including esophageal. Two large population-
based case-control studies, one from the United States 
(45) and another from Sweden (46), studied the effects 
of dietary constituents on esophageal and cardia can-
cers. Increased dietary fi ber intake was associated with 
a decreased risk of adenoncarcinoma of both the distal 
esophagus and gastric cardia in both studies, while de-
creased fi ber intake was associated with an increased risk 
of squamous cell carcinoma of the esophagus only in the 
U.S. study (45,47). The United States–based study also 
identifi ed high dietary cholesterol, animal protein, and vi-
tamin B12 as risk factors for adenocarcinoma the esoph-
agus and cardia as well as squamous cell carcinoma of the 
esophagus, while plant-based diets were associated with 
lower risk of these cancers (45). With respect to micro-
nutrients, increased intake of vitamins C, E, B6, folate, 
and β -carotene were associated with lower rates of both 
adenocarcinoma and squamous cell carcinoma of the dis-
tal esophagus, but not cardia cancer (45,48). Others have 
independently identifi ed associations between esophageal 
cancer and these and other micronutrients, including 
iron, zinc, niacin, selenium, and vitamin A, all of which 
impart a protective effect that appears to be stronger for 
esophageal adenocarcinoma than squamous cell carci-
noma (49–52). Finally, a prospective study of micronu-
trient supplementation in over 29,000 adults performed 
in Linxian China over a 5-year period demonstrated re-
duced rates of esophageal and gastric cancer in patients 
receiving supplemental β -carotene, vitamin E, and sele-
nium (53). The variability in associations between spe-
cifi c nutrients and specifi c cancers among these trials 
speaks to the broad heterogeneity of the patient popula-
tions studied, as well as the effects of multiple potential 
confounders. Complex statistical analyses are required 
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to reduce the effect of such confounders and these study 
design challenges limit the conclusions that can be drawn 
from such data. Nevertheless, the literature as a whole 
suggests that diets derived primarily from animal prod-
ucts are associated with increased risk of esophageal 
cancer, while diets derived primarily from plant sources 
are associated with reduced risk. These effects appear to 
apply to both adenocarcinoma and squamous cell carci-
noma, but the associations are stronger for the former. 
Much further research will be necessary to fully clarify 
the effects of specifi c nutrients on cancer risk and the role 
of obesity in contributing to these associations. 

 The mechanisms underlying the effects of specifi c 
dietary constituents on the pathogenesis of esophageal 
cancer are unknown. At least with respect to adeno-
carcinoma, macro- and micronutrients may act via di-
rect effects on lower esophageal sphincter function and 
gastric acid secretion that contribute directly to GERD. 
High vitamin C intake has been shown to have a protec-
tive effect on the development of GERD independent of 
its effect on cancer risk (49), while dietary fat appears to 
increase distal esophageal acid exposure (54), possibly 
by increasing gastric acid secretion (55). Despite this lat-
ter observation, however, others have shown no direct 
correlation between dietary fat and GERD (21,22,56), 
despite the presence of a correlation between obesity 
and GERD, casting doubt on increased dietary fat intake 
as the explanation for the association between obesity 
and GERD. Dietary constituents have also been shown 
to directly affect basic cellular functions that contribute 
to carcinogenesis. Vitamin E has been shown to inhibit 
tumor growth in vitro (57), and B-vitamins have been 
implicated in DNA repair mechanisms and lymphocyte 
function (58–60). With respect to esophageal cancer, in 
vitro studies demonstrate that vitamin C enhances the 
sensitivity of esophageal cancer cells to chemotherapy 
in vitro (61), while vitamin A suppresses proliferation 
of esophageal squamous cell carcinoma cell lines (62). 
At least 1 study, however, demonstrates that dietary fac-
tors, including diets low in fats and high in fruits and 
vegetables, do not impact on biomarkers of cell prolifer-
ation in Barrett’s esophagus (63), although the effects of 
these dietary factors in frank cancer remain unknown. 
The literature implicating dietary constituents in GERD, 
Barrett’s esophagus, and cancer is complex and fraught 
with potential confounders. A challenge moving for-
ward will be to identify specifi c mechanisms that under-
lie the effects of dietary constituents on the pathogenesis 
of these disease processes. 

 INFLAMMATION 

 One of the most important realizations regarding obe-
sity over the past decade is that increased adiposity has 

profound effects on basic mechanisms of immunity and 
infl ammation. Obesity in both animals and humans ap-
pears to be associated with a state of chronic, systemic, 
low-grade infl ammation characterized by elevated serum 
infl ammatory cytokine levels as well as phenotypic and 
functional abnormalities in a broad range of lymphocyte 
subsets (5,64–73). Chronic infl ammation has important 
effects on fundamental cellular processes that may con-
tribute to increased cell turnover, mutagenesis, and car-
cinogenesis. Infl ammatory mediators are dysregulated in 
numerous cancers, with increased activation of NFκB, 
toll-like receptors, and other critical regulators of innate 
and adaptive immunity (74,75). Strong clinical evidence 
similarly supports a role for chronic infl ammation in 
the pathogenesis of cancer, as chronic infl ammatory dis-
eases including infl ammatory bowel disease, hepatitis, 
primary sclerosing cholangitis, and pancreatitis are as-
sociated with increased incidences of cancer of involved 
organs (76,77). Barrett’s esophagus is the premalignant 
infl ammatory precursor of esophageal adenocarcinoma, 
and many of the same mediators implicated in chronic 
systemic infl ammation in obesity are also implicated in 
Barrett’s esophagus and esophageal adenocarcinoma, 
which demonstrate upregulation of IL-8, IL1β, and 
NFκB as esophageal mucosal cells transition from nor-
mal to metaplasia to frank adenocarcinoma (78). Studies 
in both animals and humans implicate cyclo-oxygenase 
2, an important mediator of infl ammation, in the de-
velopment of esophageal cancer (79). Furthermore, the 
chronic use of anti-infl ammatory drugs, including aspi-
rin, is associated with a reduced the risk of esophageal 
cancer in humans (80), although whether this associa-
tion is causal is unknown. Despite these and other un-
certainties, it is clear that infl ammation is an important 
underlying mechanism in the development of esophageal 
cancer and may explain its association with obesity. 

 Much attention has recently focused on tissue 
macrophages as potential effectors of infl ammation in 
obesity. Increased macrophage infi ltration of adipose 
tissue has been described in obese mice and humans 
and specifi c subpopulations of tissue macrophages with 
heightened infl ammatory responses have been identifi ed 
in adipose tissue of obese but not lean mice. These data 
are particularly relevant in light of the increasing im-
portance attributed to tumor-associated macrophages 
in regulating cancer immunity and tumor adaptation. 
Tumor-associated macrophages play an important role 
in anti-tumor immunity and tumors in turn evolve to 
express factors which downregulate macrophage im-
mune function as a protective response (81,82). The 
few data that study macrophages in esophageal cancer 
have focused on squamous cell carcinoma. Investiga-
tors have demonstrated increased tumor-associated 
macrophages in squamous cell tumors of the esopha-
gus relative to normal esophageal mucosa (83), and 
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furthermore, upregulation of matrix metalloprotease 
expression (84), macrophage products that may play 
a role in regulating tumor invasion. Others have cor-
related expression of macrophage migration inhibitory 
factor (MIF) in esophageal squamous cell carcinoma 
with tumor progression and lymph node metastases 
(85), and linked MIF expression to both bile acid ex-
posure and infl ammation (86). These data suggest that 
common mechanisms of infl ammation within macro-
phages may underlie both obesity and esophageal can-
cer. Therapy designed to manipulate tumor-associated 
macrophages phenotype and function holds promise 
for the treatment of esophageal as well as other types 
of cancer. 

 One of the most exciting aspects of the study of 
systemic infl ammation in obesity is increasing evidence 
that suggests that chronic infl ammation is an important 
causative factor in the pathogenesis of many important 
comorbidities of obesity in addition to cancer, including 
diabetes, atherosclerosis, and steatohepatitis (87–94). 
Aberrations in infl ammation and immunity therefore 
likely underlie many serious comorbidities of obesity in 
addition to esophageal cancer. Therapy directed at under-
lying defects in infl ammation in obesity therefore has the 
potential to treat not only esophageal cancer but other 
cancers and nonmalignant comorbid diseases as well. 

 ADIPOKINES 

 Adipose tissue, far from being simply a storage depot for 
triglycerides, is a biologically active organ that is com-
prised not only of adipocytes but a stromovascular cell 
fraction that consists of lymphocytes, endothelial cells, 
pre-adipocytes, and other cell types. Adipose tissue is a 
rich source of cytokines, hormones, and other signaling 
mediators, among them the adipokines, a broad fam-
ily of proteins with diverse functions that are expressed 
primarily but not exclusively in adipose tissue. Leptin, 
a 16kDa protein that acts on receptors in hypothalamic 
neurons to affect satiety, is the best studied of the adi-
pokines. Like many adipokines, leptin has a broad array 
of functions in addition to its role in regulating body 
weight, including effects on immune, endocrine, and re-
productive systems. In these capacities, leptin regulates 
fundamental cellular processes, including proliferation, 
apoptosis, angiogenesis (95), as well as infl ammatory 
and adaptive immune responses (96–99). Other adipo-
kines are also dysregulated in obesity, including ghrelin, 
adiponectin, and resistin, all of which have also been 
implicated in the regulation of immune and infl amma-
tory function. 

 Clinical evidence implicating adipokines in the 
pathogenesis cancer is confl icting and complex. Serum 
leptin levels are elevated in the vast majority of obese 

humans, likely secondary to increased adipose tissue 
mass, which is the primary source of leptin in vivo. Epi-
demiologic evidence demonstrates that elevated serum 
leptin levels correlate directly with an increased risk of 
prostate (100), breast (101), renal cell (102), and hema-
tologic malignancies (103), but inversely with risk of he-
patocellular carcinoma (104) and advanced gastric and 
colon cancers (105,106). Low serum levels of the adipo-
kine adiponectin, expression of which is downregulated 
in obesity, are associated with an increased risk of breast 
cancer (107), and exogenous adiponectin inhibits tumor 
growth and angiogenesis in animal models (108). Aber-
rations in serum levels of ghrelin, an orexigenic hormone 
secreted by gastric mucosa, have been associated with 
gastric and colon cancer, although whether this relation-
ship is causal or instead related to the effects of cancer 
on gastric mucosal ghrelin expression is unknown (109). 
Finally, elevated serum levels of the adipokine resistin 
have been linked to lymphoma (103). 

 Few data specifi cally address the role of adipokines 
in esophageal cancer. Leptin independently induces pro-
liferation of a number of different types of tumor cell 
lines in vitro, including esophageal adenocarcinoma 
and Barrett’s esophagus cell lines (87,110). Further-
more, leptin enhances the proliferative effects of acid 
on an esophageal adenocarcinoma cell line (111). Only 
scattered reports study the role of other adipokines in 
esophageal cancer. Elevated serum levels of ghrelin are 
associated with decreased risk of developing esophageal 
adenocarcinoma in obese subjects (112), and ghrelin 
secreting cells are absent from esophageal adenocarci-
noma tumors, but present in surrounding gastric mu-
cosa (113). The role of adipokines in the pathogenesis of 
esophageal cancer remains poorly defi ned and therefore 
fertile ground for future study. 

 INSULIN RESISTANCE AND DIABETES 

 Insulin resistance and type II diabetes mellitus are 
strongly linked to overweight and obesity, and diabe-
tes is an independent risk factor for multiple types of 
cancer, including colon, renal, hepatocellular, and others 
(114–116). The mechanisms underlying the association 
between diabetes and cancer are unknown. Chronic in-
fl ammation contributes to the pathogenesis of diabetes 
and may explain its association with cancer. Of inter-
est, many of the same mediators implicated in systemic 
infl ammation in obesity, including TNF-α and IL-6, di-
rectly induce insulin resistance in a variety of cell types 
(117,118) and have also been implicated in the patho-
genesis of cancer (119). In addition, specifi c mediators 
of glucose homeostasis that are upregulated in diabetes, 
such as insulin-like growth factor-1, have been identifi ed 
as promoters of carcinogenesis (120). Few data address 
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the association between esophageal cancer and diabetes. 
A single nested case control study using data culled from 
an administrative database demonstrated no association 
between diabetes and esophageal adenocarcinoma or 
cardia cancer, although this study had numerous limita-
tions inherent to its design (121). Despite this negative 
fi nding, therefore, further research will be necessary to 
defi ne the relationship between esophageal cancer and 
diabetes. 

 ESTROGEN 

 Adipose tissue is one of the few in vivo tissue depots 
that express estrogen aromatase and is therefore a pri-
mary source of estrogen in both men and postmeno-
pausal women. Serum estrogen levels are elevated in 
obesity (122), and consistent with this observation, 
obesity has been identifi ed as an independent risk fac-
tor for estrogen-sensitive breast cancers (123). While 
estrogen has also been shown to induce cancer in other 
hormone-dependent organs, including prostate, testicle, 
uterus, and ovary, its role in regulating carcinogenesis 
in other organ systems, including the esophagus, is less 
well defi ned. Estrogen receptor is expressed in a major-
ity of esophageal adenocarcinomas (124), and estrogen 
inhibits in vitro proliferation of esophageal adenocar-
cinoma and squamous cell carcinoma cell lines (125–
127). Furthermore, estrogen has been implicated in the 
pathogenesis of gastroesophageal refl ux disease: female 
gender and hormone therapy are associated with an 
increase likelihood of GERD symptoms (24). Despite 
these observations, however, clinical evidence for a role 
for estrogen in esophageal cancer is lacking. One study 
demonstrated no difference in esophageal cancer rates 
among multiparous compared with nulliparous women 
(128), while in another population-based study, there 
was no difference in esophageal cancer rates between 
patients with prostate cancer treated with long-term 
estrogen therapy compared with the general popula-
tion (129). In a single study, breast feeding, which re-
duces estrogen exposure, was protective for esophageal 
adenocarcinoma, however, suggesting a potential role 
for estrogen in cancer risk (130). The precise role of 

sex hormones in esophageal cancer therefore remains 
unclear. 

 TREATMENT CONSIDERATIONS IN 
OBESE PATIENTS 

 Sparse data specifi cally address outcomes in obese sub-
jects treated for esophageal cancer. At least 2 single-
center studies reported no increased overall morbidity 
and mortality associated with esophagectomy in obese, 
although blood loss and the need for partial sternotomy 
to provide access to the cervical esophagus may be 
greater (131,132). Underscoring this latter observation, 
in one study, recurrent laryngeal nerve injury was more 
common in obese subjects, likely related to diffi culty in 
cervical exposure (131). The addition of neoadjuvant 
therapy to surgery may increase risk disproportionately 
in obese patients. One study demonstrated a 4-fold in-
crease in perioperative morbidity after preoperative 
chemoradiotherapy followed by surgery for treatment 
of gastric and gastroesophageal adenocarcinomas in pa-
tients with a BMI greater than 25 compared to those 
with a BMI less than 25 (133). Further study of clinical 
outcomes will be necessary to accurately risk stratify pa-
tients undergoing treatment for esophageal cancer based 
body weight. 

 CONCLUSION 

 Obesity clearly plays an important role in cancers of all 
types. Data addressing its role in esophageal cancer are 
sparse, in a large part because of the rarity of this cancer 
subtype. Nonetheless, obesity has pleiotropic effects on 
the pathogenesis of esophageal cancer, especially adeno-
carcinoma, and certainly acts through multiple mecha-
nisms. The study of the basic mechanisms of obesity’s 
effects on carcinogenesis, including the role of diet, 
infl ammation, adipokines, macrophage function, and 
other possible mediators, has the potential to yield im-
portant insights that will guide development of therapy 
directed towards a wide range of benign and malignant 
disease processes, including esophageal cancer. 
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  15    The Relationship Between 
 Helicobacter Pylori  and 
Barrett’s Esophagus 

 Attila Dubecz 
 Jeffrey H. Peters 

he possible pathogenic role of 
 helical-shaped bacteria found in 
gastric fl uids was fi rst suggested in 
the late 19th century by the Polish 
scientist Walery Jaworski of the 

University of Krakow (1). Luck and Seth reported in 
1924 that the human stomach exhibits abundant urease 
activity that disappears following antibiotic treatment 
(2). It was the publication of 2 Australian scientists in 
1983 that convincingly demonstrated the pathogenic role 
of  Helicobacter pylori (H. pylori)  (3). These pioneering 
studies of Barry Marshall and Robin Warren from Perth 
included self experiments and were later awarded the 
Nobel Prize. Since this “rediscovery” of  Helicobacter 
pylori  (then called  Campylobacter pyloridis ) as an im-
portant pathogenic bacterium colonizing the human 
stomach, it has been linked to a number of foregut dis-
eases, most prominently peptic ulcer disease and MALT 
lymphoma. In fact, a unit of the World Health Organiza-
tion, the International Agency for Research on Cancer, 
classifi es  H. pylori  as a class I human carcinogen (4). 

 Interest has recently arisen in the well-documented 
observation of an inverse correlation between  H. pylori  
infection and the prevalence of GERD, Barrett’s esopha-
gus, and esophageal adenocarcinoma. Many have sug-
gested the hypothesis that  H. pylori  alters the gastric 
biology in a fashion that is protective toward GERD and 
its complications, and that the eradication of  H. pylori  

in developed countries has contributed to the rise in the 
prevalence of GERD and Barrett’s esophagus. Blaser ar-
gues that as the evidence shows that  H. pylori  has been 
part of microbial fl ora since the evolution of human 
race (5), there must be equilibrium between the host and 
 H. pylori , with both benefi ts and costs of the coloniza-
tion (6). On the other hand, many authors agree with 
Graham, who states that “the only good Helicobacter 
pylori is a dead Helicobacter pylori” (7). 

 BACTERIOLOGY AND EPIDEMIOLOGY 

  Helicobacter pylori  is a 3.5 x 0.5 micron-sized, spiral-
shaped, microaerophilic, gram negative bacterium with 
4–6 fl agellae. It is capable of forming biofi lms and in 
hostile environments, coccoid forms of Helicobacter 
have been observed. Biochemically, it is characterized 
by the production of urease, catalase, and oxidase, with 
urease likely important for bacterial survival in the gas-
tric milieu (8). 

 Simulation of human ancestral genetic patterns 
suggest that modern humans were infected with  H. py-
lori  prior to their migration 58,000 years ago from East 
Africa (6). This hypothesis makes Helicobacter infec-
tion one of the oldest chronic bacterial infections of the 
human race. More than the half of the world’s popula-
tion is infected. It affects all age groups and races. In 

 T
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developed countries, serologic evidence of  H. pylori  
infection is unusual in early childhood, but increases 
steadily with age, reaching over 50% after the age 60. 
Contrary to suggestions that the incidence has an even 
distribution during the life period, new evidence shows 
that even in developed countries, the prevalence of infec-
tion in any given age group refl ects bacterial acquisition 
during childhood (9,10). The majority of the population 
acquires the infection before the age of 10. The risk of 
 H. pylori  infection correlates with one’s socioeconomic 
environment, the number of siblings, the number of 
cohabitants in a room, and the presence or absence of 
running water (11,12). Most children in developing 
countries acquire  H. pylori  before the age of 10 and 
more than 80% of adults are infected before age 50. Im-
proved sanitation in the second half of the 19th century 
initiated a continuous decline in prevalence of  H. pylori  
in the United States, ultimately resulting in a greatly re-
duced overall prevalence of  H. pylori  (13). 

 The exact route of  H. pylori  acquisition is not en-
tirely clear, but most authors agree that fecal-oral and 
oral-oral transmission is most likely (14).  Helicobacter 
pylori  is found in contaminated water supplies in en-
demic areas, and the bacterium can be cultured from 
stool samples. There is little evidence regarding oral 
transmission. Gastroenterologists have higher preva-
lence of infection compared to control population (15), 
but dentists and oral hygienists, who are presumed to 
have a similar occupational exposure, do not (16). Twin 
studies suggest the presence of a genetic risk of  H. pylori  
infection, but twins raised together have higher concor-
dance of infection than twins raised separately, further 
highlighting the importance of the childhood socioeco-
nomic environment in  H. pylori  acquisition (17,18). Re-
acquisition rate after cure is rare (around 2%/year) in 
both children and adults (19). 

 PATHOPHYSIOLOGY 

 Bacterial Factors 

  Helicobacter pylori  is highly adapted to the gastric en-
vironment, with an array of capabilities that aid colo-
nization of gastric mucosa. It has also been shown that 
the genome of  H. pylori  is continuously changing, im-
porting DNA of other colonizing strains during chronic 
infection (20,21). Bacteria bind to mucosal epithelial 
cells by adhesion molecules of the Hop (Helicobacter 
outer membrane protein) family, the 3 most important 
of which are BabA, OipA, and SabA. The best charac-
terized adhesin molecule BabA binds to Lewis B blood 
group antigen on the host cell (22). 

 Urease activity is considered one of the most impor-
tant virulence factors. The hydrolysis of urea produces 

ammonia, which neutralizes gastric acid in the local en-
vironment of the bacterium promoting the organism’s 
survival. Despite this, the role of urease has been ques-
tioned recently. Mine et al. showed that urease-negative 
Helicobacter are able to induce gastritis in an animal 
model (23). More than half of all  H. pylori  strains ex-
press a 95kD vacuolating cytotoxin, VacA. This secreted 
exotoxin inserts itself into the cell membrane, forming 
a voltage-depending channel, releasing bicarbonate and 
anions and acting like a passive urea transporter, increas-
ing the permeability of the gastric epithelium to urea, 
creating a favorable environment for  H. pylori  infection. 
Furthermore, VacA targets mitochondria causing apop-
tosis in affected cells (24,25). 

 The genome of most  H. pylori  strains include a 
cag pathogenicity island (cagPAI), a 37kb fragment 
containing 29 genes that encode a protein channel func-
tioning to inject several proteins, including the 120 kD 
CagA protein into the host cell. The function of cagA 
remains unclear; it is not cytotoxic, but is antigenic and 
can be detected serologically. The clinical signifi cance 
of cagA is supported by the fact that more than 90% 
of peptic ulcer patients are infected with cagA+  H. py-
lori , compared with 64.6% of patients with functional 
dyspepsia (26). The effect of cagA positivity on gastric 
cancer risk is still debated. Parsonnet et al. found that 
subjects infected with cagA+  H. pylori  had 5.8-fold in-
creased risk of developing gastric cancer (27). In con-
trast, Lu, Yamaoka, and Graham found that  H. pylori  
infection alone is associated with the development of 
gastric cancer, but neither CagA nor VacA seropositiv-
ity added additional risk (28). A 2001 meta-analysis of 
case-control studies concluded that presence of CagA 
was an independent risk factor for noncardia gastric 
cancer (29). 

 Host Responses 

  Helicobacter pylori  induces a signifi cant infl ammatory 
and immune response in the affected host, resulting in 
persistent infl ammation in virtually all infected subjects. 
Since the bacterium rarely, if ever, invades the gastroduo-
denal mucosal layer, host response is triggered by its adhe-
sion to host cells (25). The infected mucosa has elevated 
levels of cytokines (IL-1, IL-2, IL-6, IL8, TNFα), among 
which IL-8 activates neutrophil leukocytes (30). CagA+ 
strains induce enhanced IL-8 levels (31).  Helicobacter py-
lori  activates a vigorous systemic and mucosal humoral 
response that doesn’t lead to eradication, but contributes 
to tissue damage. Many infected patients have antibod-
ies directed against the H+/K+ ATPase of gastric parietal 
cells (32). Recent research shows that host genetic fac-
tors that affect interleukin-1-beta, a powerful inhibitor of 
gastric acid secretion, may determine why some individu-
als infected with  H. pylori  develop gastric cancer while 
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others do not. Interleukin-1 gene cluster polymorphisms 
suspected of enhancing production of interleukin-1-beta 
are associated with an increased risk of both hypochlo-
rydia induced by  H. pylori  and gastric cancer (33). 

  HELICOBACTER PYLORI  AND 
GASTROESOPHAGEAL REFLUX DISEASE 

 The relationship between  H. Pylori  and GERD has been 
of interest for decades. The observation that gastric mu-
cosal atrophy was less frequent in patients with refl ux 
esophagitis was made well before the  H. pylori  era (34). 
More recent epidemiologic studies have revealed a re-
markable inverse relationship between  H. pylori  eradi-
cation in the population and the increase in GERD and 
its complications (35). Over the period from 1970 to 
1995, the incidence of both duodenal ulcer compared to 
erosive esophagitis and distal gastric cancer compared 
to gastric cardia cancer display strikingly opposing time-
trends. It has been postulated that changes in  H. pylori  
infection among the population may be a primary rea-
son for these observations, and that  H. pylori -induced 
chronic corpus gastritis may in some way protect against 
the development of GERD and its malignant transfor-
mation (35). 

 Further evidence of an inverse relationship between 
 H. pylori  and gastroesophageal refl ux comes from clini-
cal observations of their association. The emergence of 
new onset GERD symptoms following  H. pylori  eradi-
cation, fi rst reported by Schütze in 1995 (36), led to 
the hypothesis of a possible protective effect of  H. py-
lori  colonization. A detailed report by Labenz et al. in 
1997 added further evidence to this theory (37). In a case 
control study of 460 duodenal ulcer patients, new onset 
GERD symptoms were signifi cantly higher in patients 
who had successful  H. pylori  eradication than in those 
with persisting infection. A number of subsequent studies 
have raised doubts as to whether a true relationship ex-
ists (Table 15.1) (39 ) .    

 Raghunath et al. reviewed the available evidence 
via a meta-analysis published in 2003. The data showed 
an average prevalence of  H. pylori  infection of 38.2% in 
GERD patients compared to 49.5% in non-GERD con-
trols (p < 0.001). They concluded that geographic location 
is a strong contributor to the heterogeneity of the data, 
probably the result of wide variations in the baseline 
prevalence of  H. pylori  infection. Studies from the Far 
East, where baseline  H. pylori  infection is high, report 
a lower prevalence of Helicobacter infection in refl ux 
patients than the studies conducted in Europe or North 
America, where the baseline  H. pylori  prevalence is low 
(38). A recent analysis of 8 double-blind prospective stud-
ies concluded that on average,  H. pylori  eradication does 
not lead to development of new-onset GERD or wors-
ening of symptoms of pre-existing GERD. Despite the 
confusion, it is likely that a relationship exists between 
the eradication of  H. pylori  from the population and the 
raising incidence of gastroesophageal refl ux (39). 

 The diffi culty in proving a relationship between 
 H. pylori  and GERD is almost certainly due in part to the 
complex biology of variable  H. pylori  infection patterns 
in any individual patient. The fi nal result of an  H. pylori  
infection of gastric acid secretion depends on the pattern 
of gastritis resulting from chronic infection. For exam-
ple, antrum predominant gastritis affects somatostatin, 
producing antral D cells resulting in less feedback inhi-
bition of gastrin and increased intraluminal acid. This 
pattern explains the common observation of increased 
gastrin levels in some  H. pylori  infected subjects. Corpus 
gastritis, on the other hand, is characterized by decreased 
intraluminal acid secretion subsequent to the release of 
TNF alpha and IL-1 beta stimulated by local infl am-
mation and ultimately mucosal atrophy. Thus it seems 
logical that eradication of  H. pylori  infection in patients 
with antral predominant gastritis would improve GERD 
symptoms, while  H. pylori  treatment in corpus predomi-
nant gastritis would worsen existing GERD or unmask 
refl ux esophagitis in previously asymptomatic suscep-
tible patients, thus showing a protective effect. 

  Helicobacter pylori  eradication is clearly indicated 
in patients with duodenal ulcer patients, but early evi-
dence suggests that eradication might worsen GERD, re-
sulting in resistance toward eradication in the non-ulcer 
population. Since antral-predominant Helicobacter-
 induced gastritis is associated with increased gastric acid 
secretion, and thus an increased risk for developing 
GERD and duodenal ulcer disease, one might suppose 
both conditions improve after eradication. The system-
atic review of 27 studies by Raghunath et al. alluded to 
above reached this conclusion (38). 

 Further support for the benefi ts of  H. pylori  eradi-
cation in GERD patients as opposed to its potential det-
rimental effects come from the observation that without 
eradication, PPI and H2 blocker treatment in  H. pylori  

TABLE 15.1
Worsening of GERD Symptoms Related to 

Helicobacter pylori Status 4 Weeks 
After Completion Therapy (32)

H. pylori 
status Worsening

No 
worsening OR (95% CI)

Eradication 
(n = 269)

20 (7.4%) 249 (92.6%) 0.47 (0.24–
0.917.4%)

Persistence 
(n = 137)

20 ( 14.6%) 117 ( 85.4.%) p = 0.02
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positive patients causes worsening of corpus gastritis 
(40). This is not seen in GERD patients not taking pro-
ton pump inhibitors (PPI) as, for example, after Nissen-
fundoplication (41). Interestingly, Peetsalu et al. recently 
reported less antral gastritis and a higher prevalence of 
chronic active corpus gastritis with or without mucosal 
atrophy in patients 14 years after truncal vagotomy (42). 
These data lead to the suggestion that acid “protects” 
against “proximal-migration” of the  H. pylori  infection 
(Helicobacter-induced antral gastritis turning into cor-
pus dominant gastritis) and the recommendation that 
 H. pylori  treatment is indeed indicated in  H. pylori  posi-
tive GERD patients who require chronic antisecretory 
medications (43). 

 We can conclude that the prevalence of  H. pylori  
infection in patients with GERD is lower than non-
GERD control populations and that there is likely an 
inverse epidemiologic relationship between GERD and 
 H. pylori . Eradication does not affect the success of PPI 
treatment in GERD in Western populations, and  H. py-
lori  testing and subsequent treatment should be consid-
ered in GERD patients receiving long-term maintenance 
treatment with PPIs (44). 

 BARRETT’S ESOPHAGUS 

  Helicobacter pylori  is not found in esophageal squamous 
or native intestinal mucosa, nor has it been reported to 
colonize the specialized intestinal type epithelium char-
acteristic of Barrett’s esophagus (45). Interestingly, it can 
be identifi ed in areas of gastric-type metaplasia found in 
a columnar segment in patients with a columnar lined 
esophagus (CLE) (46,47). When present in the CLE, it 
is invariably detected in the gastric mucosa also. Conse-
quently, the association between  H. pylori  and Barrett’s 
esophagus is based upon the presence of  H. pylori  in the 
stomach, not in the normal or metaplastic esophageal 
mucosa. 

 The relationship of Barrett’s esophagus to gastric  H. 
pylori  colonization is debated, although most studies show 
an even stronger inverse relationship than that of GERD 
alone. Bowrey et al. reported an  H. pylori  prevalence of 
27% in patients with Barrett’s esophagus, compared to 
41% in healthy control subjects (48). Werdmuller and 
Loffi eld also found signifi cantly lower  H. pylori  infection 
rates in Barrett’s than non-Barrett’s patients (23% vs. 
51%), whereas Loffeld reported very high rates (62%) in 
a retrospective analysis of 107 consecutive patients with 
CLE (49,50). Blaser et al. found no statistic difference be-
tween patients with and without Barrett’s using serologic 
testing for  H. pylori  (40% vs. 39%) (51). 

 The confl icting fi ndings in Barrett’s may be due to 
the presence or absence of the cagA+ marker, which has 
been postulated to be necessary for the protective effect. 

Vicari et al. reported a prevalence of cagA+  H. pylori  
infection in 13.3% of Barrett’s, 36.7% of GERD, and 
43% of control subjects (52). The reason for this pos-
sible protective effect is the severe pangastritis and de-
creased gastric acid production associated with cagA+ 
 H. pylori  infection, although Peters et al. reported that 
 H. pylori  status does not infl uence 24 hour esophageal 
pH measurements (53). 

 ESOPHAGEAL ADENOCARCINOMA 

 The incidence of adenocarcinoma of the esophagus has 
increased dramatically in the past 20 years, outpacing 
any other cancer (54). This change is among the most 
remarkable alterations in human cancer biology ever ob-
served. Why it has occurred remains unknown, although 
the clear inverse relationship of the decrease in  H. pylori  
infection in developed countries (9) and the increase in 
adenocarcinoma of the esophagus and cardia certainly 
raise the suspicion that they may be true cause and ef-
fect. Recent epidemiologic studies have reported a strong 
negative association between the presence of  H. pylori  
infection and the risk of esophageal adenocarcinoma. Ye 
et al., studying patients in Sweden, found a signifi cant in-
verse relation between Helicobacter infection and esoph-
ageal adenocarcinoma.  Helicobacter pylori  infection was 
statistically signifi cantly associated with a reduced risk 
for esophageal adenocarcinoma (for HP-CSA antibodies, 
odds ratio [OR] = 0.3, 95% confi dence interval [CI] = 0.2 
to 0.6; for CagA antibodies, OR = 0.5, 95% CI = 0.3 to 
0.8; for both, OR = 0.2, 95% CI = 0.1 to 0.5). But inter-
estingly, gastric atrophy, measured by the serum level of 
pepsinogen I, was not associated with the risk for esoph-
ageal adenocarcinoma (OR = 1.1, 95% CI = 0.5 to 2.5). 
Serum CagA antibodies and gastric atrophy were associ-
ated with an increased risk for esophageal squamous-cell 
carcinoma (OR = 2.1, 95% CI = 1.1 to 4.0, and OR = 
4.3, 95% CI = 1.9 to 9.6, respectively) (55). 

 In a large multicenter case-control trial conducted 
by the National Cancer Institute, Chow et al. found no 
difference in the overall prevalence of  H. pylori  infection 
in patients with esophageal adenocarcinoma but did fi nd 
that infection with cagA+ strains signifi cantly reduced 
the risk of developing esophageal adenocarcinoma with 
an odds ratio of 0.4 (56). Others have failed to show 
a signifi cant relationship between cagA+  H. pylori  sta-
tus and esophageal adenocarcinoma (57), including a 
population based, case-control study by Engel et al. that 
found that esophageal adenocarcinoma could be linked 
to smoking, obesity, and refl ux disease but not  H. pylori  
infection (58). 

 Hirota et al. reported a signifi cant relationship of 
 H. pylori  infection to the histologic precursors stages 
of esophageal adenocarcinoma. Dysplasia or cancer 
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was noted in 31% of LSBE, 10% of SSBE, and 6.4% 
of EGJ-SIM patients.  Helicobacter pylori  infection was 
observed in 2.5% of LSBE, 4.7% of SSBE, and 21.3% 
of EGJ-SIM patients, a signifi cant inverse relationship 
(59). Confi rming these fi ndings, Weston et al. prospec-
tively investigated the prevalence of gastric  H. pylori  in-
fection and the development of dysplasia or cancer in 
219 patients with nondysplastic Barrett’s esophagus at 
entry.  Helicobacter pylori  infection was present in 44% 
of non-Barrett’s GERD controls, 35% of patients de-
veloping low-grade dysplasia, 15% of those developing 
with high-grade dysplasia, and in none of 145 of indi-
viduals with esophageal adenocarcinoma (Table 15.2) 
(60). Similarly, Wright et al. reported a 34% vs. 17% 
difference between prevalence of Helicobacter infection 
in patients with non-dysplastic Barrett’s vs. those with 
dysplasia or adenocarcinoma (61).   

 The possible pathophysiologic reasons of these as-
sociations are not yet clear. Apoptosis induced by cagA+ 
Helicobacter in Barrett’s adenocarcinoma cell lines has 
been reported (62). The fact that  H. pylori  does not di-
rectly colonize Barrett’s epithelium suggests that a direct 
effect is unlikely, and that its infl uence on the contents, 
pH, and chemistry of the gastroesophageal refl ux is 
more relevant. 

 Based on the evidence discussed above, the risk of 
eradicating  H. pylori  in otherwise asymptomatic patients 
with chronic gastritis seems to outweigh the possible 
benefi ts. The impact of  H. pylori  on the development of 
gastric cancer must be remembered, however. Nakajima 

and Hattori estimated that the annual incidence of gas-
tric cancer developing from  H. pylori -induced chronic 
gastritis will always be higher (5.8 x at least) than that 
of esophageal cancer potentially aggravated by  H. py-
lori  eradication (63). Anand and Graham, in a similar 
study, suggested even higher (10–60x) relative risks (64). 
Whether this hold true in populations at low risk for 
gastric adenocarcinoma, such as Caucasian men, and at 
high risk for esophageal adenocarcinoma is unclear. 

 SUMMARY 

 The association of  H. pylori  and upper gastrointestinal 
diseases is overwhelming. In addition to its well-known 
effects on gastric disease, it is likely linked to esophageal 
pathology as well. Evolutionary hypotheses assume, 
and the majority of available epidemiologic data show, 
that the decline of  H. pylori  infection is one of the rea-
sons behind the increasing incidence of GERD-related 
diseases including esophageal and cardia adenocarci-
noma in the Western world. This inverse relationship is 
strongest between  H. pylori  and esophageal adenocar-
cinoma although signifi cant evidence relates  H. pylori  
and the development of Barrett’s esophagus and GERD. 
Further investigation is needed to clarify the underlying 
mechanisms. We can conclude that the risks of chronic 
Helicobacter infection clearly outweigh the possible 
protective effects and, as such, based on available data, 
eradication is indicated. 

TABLE 15.2
Prevalence of Helicobacter in Different Esophageal Pathologies (60)

GERD control 
(n = 217)

Barrett’s esophagus 
(n = 208)

Barrett’s LGD/
IND (n = 47)

Barrett’s HGD 
(n = 14)

Barrett’s carcinoma 
(n = 20)

p value
(ANOVA)

H. pylori 
 prevalence

44.2% 35.1% 36.2% 14.3% 15.0% 0.001
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  16      Ethnic Disparities in 
Cancer of the Esophagus 

 Allan Pickens 

nnually, approximately 400,000 
people are diagnosed with esopha-
geal cancer worldwide, and more 
than 350,000 people die of this 
malignancy each year. This makes 

esophageal cancer the eighth most common cancer and 
the sixth most common cause of cancer mortality. The 
prognosis of esophageal cancer is poor, and 5-year sur-
vival rates are less than 10% (1). Surgical resection is 
the treatment of choice when the aim is to cure local and 
regional disease. Chemotherapy and radiation therapy, 
either neoadjuvant or adjuvant, may improve prognosis. 
The increasing frequency and high mortality of esopha-
geal malignancy provides a compelling argument for the 
detailed evaluation of risk. 

 The epidemiology of esophageal cancer may pro-
vide key evidence for understanding the etiology and 
pathogenesis of this devastating cancer. The epidemiol-
ogy of esophageal cancer is characterized by distinctly 
higher incidence in certain geographic locations and in 
specifi c races. Disparities have been noted in many can-
cers with respect to race, but there are striking epide-
miologic differences when analyzing esophageal cancer. 
These differences in epidemiology are further delineated 
by histologic subtype of esophageal cancer. 

 Squamous cell carcinoma and adenocarcinoma 
are the most common histologic subtypes of esophageal 

cancer (2). Both histologic subtypes have very differ-
ent biologic and epidemiologic profi les. Consequently, 
esophageal squamous cell carcinoma and esophageal 
adenocarcinoma must be viewed as separate disease en-
tities. Squamous cell carcinoma occurs primarily in the 
middle third of the esophagus, while adenocarcinoma 
predominately occurs in the lower third of the esophagus 
(3). Squamous cell carcinoma remains the most common 
histologic subtype of esophageal cancer worldwide, and 
its incidence has remained relatively stable. However, the 
incidence of primary esophageal adenocarcinoma has 
increased at a rate exceeding any other cancer. Esopha-
geal adenocarcinoma has a reported incidence increase 
of over 350% over the past 2 decades (4). 

 There are particular geographic differences in 
esophageal cancer. Areas of particularly high incidence 
of esophageal squamous cell carcinoma (expressed as 
crude incidence per 100,000) are as follows: China (21 
per 100,000), South America (13 per 100,000), west-
ern Europe (11 per 100,000), southern Africa (10 per 
100,000), Japan (9 per 100,000), and the former So-
viet Union (8 per 100,000) (1,2) (Table 16.1). Within 
each of these broad geographic areas are identifi able 
smaller regions in which the incidence may be 10 to 50 
times higher. Such regions include central and northern 
China, southern Thailand, northern Italy, mountain-
ous regions of Japan, costal parts of Iran, and certain 

 A
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French provinces. In the United States, high incidence 
areas are the District of Columbia and the coastal re-
gions of southern states. Similarly, esophageal adeno-
carcinoma exhibits certain geographic predilections. 
Developed countries in Europe and North America 
have higher incidence rates of esophageal adenocarci-
noma. The incidence of esophageal adenocarcinoma 
has been rising in northern Europe (Sweden, Denmark, 
Norway), western Europe (England, Wales, Scotland), 
central Europe (Switzerland), and southern Europe 
(Italy). In North America, the United States and Can-
ada have had the highest incidence rates for esophageal 
adenocarcinoma. Geographic areas of high prevalence 
must be identifi ed to encourage early diagnostic testing 
and assessment of epidemiologic factors contributing 
to the increased incidence.   

 The incidence rates for both major histologic sub-
types of esophageal cancer is extremely low under age 
40, but both rise with each increasing decade of age. The 
male-to-female ratio for adenocarcinoma varies among 
age-groups but peaks during the fi fth decade of life. The 
male-to-female ratio of squamous cell carcinoma re-
mains relatively even throughout life (3). 

 Population-based case-control studies suggest 
few clinical conditions and modifi able risk factors that 
account for the majority of esophageal cancer; thus, 
there are limited opportunities for interventions to re-
verse the rapidly rising incidence of esophageal can-
cer. Risk factors for both common histologic cell types 
are listed in Table 16.2. A large majority, nearly 90%, 
of esophageal squamous cell carcinoma can be ac-
counted for by smoking, alcohol consumption, or low 
consumption of fruits and vegetables. Approximately 
79% of esophageal adenocarcinoma can be attributed 
to obesity, gastroesophageal refl ux, smoking and alco-
hol consumption (5,6).   

 Squamous cell carcinoma of the esophagus is the 
most common form of esophageal cancer worldwide. 
Case control studies have identifi ed risk factors for 
esophageal squamous cell carcinoma, including mod-
erate/heavy alcohol intake, smoking, infrequent con-
sumption of raw fruit and vegetables, cultural practices, 
infection, intrinsic esophageal disease, and low eco-
nomic status. Heavy drinkers of hard liquor (>35 drinks 
per week) have signifi cantly higher risk. The relationship 
between smoking and esophageal squamous cell cancer 
is less clear. The highest relative risk is present when 
cigarette smoking is combined with heavy hard liquor 
consumption. This observation implies synergy between 
chemical mutagens in tobacco and alcoholic drinks (2). 
Several nutritional surveys of high-incidence regions 
have suggested that diets rich in carbohydrates and low 
in protein, green vegetables, and fruit were associated 
with the development of esophageal squamous cell carci-
noma. Defi ciencies of certain vitamins and minerals may 
also contribute (vitamin A, vitamin C, zinc) (7). Infec-
tion (human papilloma virus) and intrinsic esophageal 
diseases (tylosis, Plummer-Vinson syndrome, achalasia, 
diverticula, stricture, radiation injury) produce esopha-
geal mucosal changes that result in increased incidence 
of esophageal squamous cell carcinoma (8). 

 There has been a rapid increase in the incidence of 
adenocarcinoma of the esophagus in the United States 
and Europe. The annual rate of esophageal adenocar-
cinoma rose from 0.7 per 100,000 to 3.2 per 100,000 
over 2 decades, refl ecting an increase of greater than 
350% (4). Adenocarcinoma is now equal to the rate 
of squamous cell esophageal cancer in many developed 
countries. The exact reason for the surge in esophageal 
adenocarcinoma incidence is unknown. The steady pop-
ulation of alcohol consumers and the declining number 
of cigarette smokers make these 2 factors less important 
when searching for a cause of the adenocarcinoma surge. 
Numerous speculations exist. Increasing awareness of 
gastroesophageal refl ux and more aggressive surveillance 

TABLE 16.1
Geographic Regions with High Incidence of 
Esophageal Cancer According to Esophageal 

Cancer Cell Typea

Squamous cell Adenocarcinoma

China 21 United States           5.00

South America 13 Scotland                    4.26

Western Euro  11 Sweden                        1.99

South Africa 10 Finland                     1.52

Japan 9 Denmark                   1.32

Former Soviet Union 8 Canada                        1.26

aThe esophageal cancer incidence is expressed as crude cases 
per 100,000 people.

TABLE 16.2 
Risk Factors According to Esophageal 

Cancer Cell Type

Squamous cell Adenocarcinoma

Low income Barrett’s esophagus

Alcohol Obesity

Smoking Alcohol

Diet Smoking

Cultural practices

Infection 

Intrinsic esophageal diseases
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of Barrett’s esophagus is believed to contribute to the 
rise in esophageal adenocarcinoma. In addition, obesity 
may be an important factor behind the changing inci-
dence. Numerous studies show a concurrent increase in 
the prevalence of obesity in the United States and other 
developed countries (9). Two recent case-control studies 
have examined body mass index (BMI) as a risk factor for 
esophageal adenocarcinoma and found increased risk in 
the highest quartile. One study reports a 3-fold increase 
in the risk for esophageal adenocarcinoma among per-
sons with BMI in the highest quartile. Overall, 59.3% of 
adenocarcinoma cases had a BMI over the median value 
of the controls (26.2 kg/m 2  for males and 25.4 kg/m 2  for 
females) (9,10). This is worrisome, considering reports 
of an annual increase in BMI of 0.6% for men and 1% 
for women in the United States between 1980 and 1987 
(9). The similar increase in obesity observed in the United 
States is consistent with the increase in adenocarcinoma 
of the esophagus. In contrast, an inverse relationship be-
tween BMI and risk of esophageal squamous cell carci-
noma was documented (9). The physiologic rationale is 
that increased abdominal girth promotes gastroesopha-
geal refl ux. Refl ux, in turn, is a known risk factor for 
Barrett’s esophagus. Barrett’s esophagus is metaplastic 
change of esophageal mucosa to “intestine-like” colum-
nar epithelium. Patients with Barrett’s esophagus have 
a 30- to 40-fold increased risk of developing adenocar-
cinoma; thus, Barrett’s mucosa should be considered a 
premalignant lesion. Nevertheless, most patients with 
esophageal adenocarcinoma do not have a previous di-
agnosis of Barrett’s esophagus. The prevalence rates of 
Barrett’s esophagus of 10% for the symptomatic popula-
tion and less than 1% for the asymptomatic general pop-
ulation do not entirely account for the recent dramatic 
increase in esophageal adenocarcinoma. In addition, 
there is no clear evidence that either medical or surgical 
treatment of refl ux or Barrett’s esophagus can prevent 
the development of esophageal adenocarcinoma (2). 

 Cultural factors play a role in health behaviors, 
attitudes toward illness, and belief in modern medi-
cine versus alternative medicine. Over the past decade, 
there has been increasing awareness of cancer dispari-
ties by race. Numerous programs have been formed 
to help eliminate the unequal burden of cancer among 
racial and ethnic minorities and the medically under-
served. Such programs are listed in Table 16.3. The 
elimination of disparities is defi ned as a reduction in 
cancer incidence and mortality in conjunction with an 
increase in cancer survival among socioeconomically 
disadvantaged people to levels comparable to the gen-
eral population (5). The presence of such programs 
represents progress in understanding and addressing 
disparities; however, these efforts can be only partially 
effective in the absence of equal access to high-quality 
medical care.   

 The National Cancer Institute’s Surveillance, Epi-
demiology, and End Results Program provides data 
on cancer incidence, mortality, stage at diagnosis, and 
survival for whites and African Americans since 1975 
and for Hispanic/Latino, American Indian/Alaskan, and 
Asian/Pacifi c Islander populations since 1992. African 
Americans have the highest death rate for all cancer sites 
combined and from individual malignancies of the lung, 
colon, female breast, prostate, and cervix in comparison 
to all racial and ethnic groups in the United States. The 
death rate from cancer among African American males is 
1.4 times higher than that among white males; for Afri-
can American females, it is 1.2 times higher (5). The dis-
parity in death rate from all cancers combined between 
African American and white males widened from 1975 
until the early 1990s. A similar, although smaller, diver-
gence occurred in death rates between African American 
and white women (5). 

 Esophageal cancer disproportionately affects cer-
tain ethnic groups and races. Esophageal cancer was 
reported as the fourth leading cause of cancer death in 
African Americans (11). The incidence of esophageal 
squamous cell carcinoma is more than 5-fold higher 
among African Americans (16.8 per 100,000) than 
among whites (3 per 100,000) in the United States (12). 
In contrast, esophageal adenocarcinoma is 4-fold more 
prevalent in whites than in African Americans. Recent 
data from cancer registries in the United States indicate 
that the rate of esophageal cancer among white males 
tripled between 1976 and 1990 (Figure 16.1). White 
men constituted 82% of all cases of esophageal adeno-
carcinoma (13). Although the incidence of esophageal 

TABLE 16.3 
National Programs Evaluating Racial and Ethnic 

Disparities in Cancer

Program Sponsor

National Center on Minor-
ity Health and Health 
Disparities

National Institutes of 
Health

Center to Reduce Cancer 
Health Disparities

National Cancer Institute

Special Populations Net-
works for Cancer Aware-
ness, Research and 
Training

National Cancer Institute

Surveillance, Epide-
miology, and End Results 

National Cancer Institute

Racial and Ethnic Ap-
proaches to Community 
Health

Centers for Disease Con-
trol and Prevention
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adenocarcinoma among African American males and 
among both African American and white females is sub-
stantially lower than it is among white males, it does 
appear that the incidence among these groups is also ris-
ing rapidly. The Asian/Pacifi c Islander (API) population 
have different incidence patterns of esophageal cancer. 
When comparing cancer registries representing over 
80% of the API population of both men and women in 
the United States, greater than 75% of esophageal can-
cer cases among API were squamous cell carcinomas. 
Overall, the total prevalence of esophageal adenocarci-
noma was lower among API than among both genders 
of whites and African Americans (14). Such extreme ra-
cial disparity must be analyzed to identify risk factors 
and points of intervention. 

 Esophageal cancer treatment patterns may dif-
fer by medically relevant choices such as age and co-
morbidity, but treatment may also differ depending on 
nonmedical characteristics such as geographic region, 
socioeconomic status, sex, and race. These differences 
in treatment have been shown to account for differ-
ences in survival. The extent of variation in treatment 
and outcomes is not well known, and the mechanisms 
underlying the selective use of cancer treatment are still 
poorly understood. There have been studies of esopha-
geal cancer patients to evaluate disparities in the rates 
of referral to a specialist (surgeon, radiation oncologist, 
or medical oncologist) and actual utilization of various 
forms of treatment according to race. In a large study of 
primary esophageal cancer, most patients were treated 
by a surgeon (77%) and closely followed by a medi-
cal oncologist or radiation oncologist (64% and 63%, 
respectively) (15). Surgery was performed in 43% of 
patients, 55% received radiation therapy, and 39% 
received chemotherapy. Substantial racial disparities 

were found for surgery. Only 25% of African American 
patients underwent resection, whereas 46% of white 
patients had resections. There were no signifi cant differ-
ences in the use of radiation therapy or chemotherapy 
in terms of race (15). 

 Racial disparity in cancer survival has generally re-
vealed a lower survival for African American patients 
than white patients, despite controlling for confound-
ing variables such as age, sex, clinical factors, insur-
ance status, and socioeconomic status. For esophageal 
cancer, the 5-year survival is 9% for African Americans 
and 13% for whites, according to the National Cancer 
Institute’s Surveillance, Epidemiology, and End Results 
Program. This survival difference was present despite 
similar rates of distant spread (26% distant spread for 
African Americans and 25% distant spread for whites 
(11). The survival disparity can be attributed largely to 
differences in treatment received. Postulated explana-
tions for the racial variation in patient treatment and 
outcome include differences in severity of disease, un-
measured coexisting conditions, cultural differences in 
attitudes toward procedures and medical care, and sys-
tematic bias. Referring physicians and treating special-
ists must ensure that biases and barriers to care do not 
deprive any patient of the best medical care. 

 Opportunities to reduce cancer disparity range 
from primary prevention to palliative care. The preva-
lence of underlying risk factors for some cancers differs 
among racial and ethnic groups. Modifi able esophageal 
cancer risk factors that vary by race include smoking, 
physical activity, and obesity. Some disparities result 
from targeted promotions and advertising directed at 
certain ethnic groups. Much of the excess incidence 
of cancer in African Americans has been attributed to 
lower socioeconomic status. Socioeconomic class ap-
pears to be an independent risk factor, and the risk is 
highest for those with annual incomes less than $10,000 
(12). The percentage of African Americans living below 
this poverty level was reportedly higher than the per-
centage of whites. According to the 2002 U.S. census, 
24% of African Americans, 21% Hispanics, 10% API, 
and 8% whites were below the poverty level (5). Lack of 
individual socioeconomic status data for most esopha-
geal cancer patients prevents comparison of signifi cant 
populations. The exact link between low socioeconomic 
status and esophageal cancer is unclear. Low socioeco-
nomic class is a source for lifestyle and environmental 
factors, including poor housing, workplace hazards, 
limited health care access, poor nutritional status, and 
exposure to infectious agents. 

 The importance of genetic factors in the etiology 
of esophageal cancer is uncertain. According to studies 
performed in the United States and Sweden, the occur-
rence of esophageal cancer among fi rst-degree relatives 
did not increase the risk of squamous cell carcinoma 

FIGURE 16.1

Incidence of esophageal carcinoma by race and cell type.
▪ = squamous cell in African American males; ◦ = adenocarcinoma 
in white males; □ = squamous cell in white males; • = adenocarci-
noma in African American males.
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or adenocarcinoma of the esophagus. Neither were 
there any signifi cant associations with familial occur-
rence of other gastrointestinal tumors (16). Heredity 
did not appear to contribute importantly to the occur-
rence of esophageal cancer of any histologic type in 
these studies. In contrast, several epidemiologic stud-
ies of endemic areas of China have demonstrated ex-
cess risk of esophageal cancer (mainly squamous cell 
carcinoma) among members of families with a history 
of such cancers (17). Confounding by family-specifi c 
environmental or lifestyle factors may explain these 
associations. 

 The epidemiologic factors that contribute to an 
individual’s susceptibility to esophageal cancer are likely 
multifactorial. It also appears that risk factors infl uence 

histologic subtypes of esophageal cancer differently. 
Exposure to environmental factors contributes to the 
prevalence of squamous cell carcinoma worldwide. The 
short time frame over which the incidence of esophageal 
adenocarcinoma has increased in numerous populations 
provides strong argument for environmental factors 
as etiologic agents. These environmental factors likely 
interact with genetic characteristics to defi ne an indi-
vidual’s susceptibility. Race certainly infl uences both en-
vironment and genetics. The short survival of esophageal 
cancer patients makes epidemiologic analysis diffi cult. 
Nevertheless, a better understanding of the epidemiol-
ogy of esophageal cancer is crucial to the implementa-
tion of effective screening, treatment, and prevention 
strategies for esophageal cancer. 
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arrett’s esophagus (BE) is a patho-
logic condition in which the nor-
mal stratifi ed squamous cells that 
line the esophagus are replaced by 
metaplastic specialized  intestinal-

type epithelium. Its clinical relevance lies in its potential 
to progress from metaplastic through dysplastic stages 
into adenocarcinoma of the esophagus. The past 3 de-
cades have seen a dramatic increase in the incidence 
of esophageal adenocarcinoma. Strategies to monitor 
this potential transformation are limited by the fact 
that only 0.5% to 1 % of all patients with BE develop 
adenocarcinoma annually. The majority of patients 
with BE do not progress even to a dysplastic stage. 
However, the poor prognosis associated with symp-
tomatic adenocarcinoma has stimulated great efforts 
to detect BE, understand its dysplastic progression to 
cancer, and develop effective interventions to prevent 
this progression. 

 Practice guidelines recommend endoscopic surveil-
lance of patients with BE in an attempt to detect cancer 
at an early, potentially curable stage. Current surveil-
lance techniques utilize standard white-light endoscopes 
and random large particle “jumbo” biopsies obtained 
at 2-cm intervals in a 4-quadrant fashion, the so-called 
Seattle protocol. This recommended technique of endo-
scopic surveillance contains several shortcomings. The 
protocol is labor intensive, and many endoscopists do not 

follow the protocol. The strategy of random undirected 
biopsies is also subject to sampling error. Dysplasia and 
even early adenocarcinoma are multifocal and patchy. 
They are virtually indistinguishable from nondysplastic 
BE using white-light endoscopy and therefore may easily 
be missed on random biopsy. While high-resolution im-
aging using high-quality charge-coupled devices (CCDs) 
may increase the sensitivity of white-light endoscopy for 
detecting subtle mucosal abnormalities (1), early dysplas-
tic changes are not always discernable as grossly visible 
mucosal abnormalities. 

 One of the diffi culties in identifying dyplastic foci 
in BE is the large esophageal surface area that must be 
examined. Therefore, signifi cant efforts have been made 
to improve the overall yield when performing endo-
scopic surveillance for dysplasia by utilizing a variety 
of novel endoscopic techniques. In general, imaging 
methods with higher resolution that provide greater tis-
sue detail or histologic information are diffi cult, if not 
impossible, to apply in scanning an entire segment of 
BE. Lower-resolution methods can usually be used to 
image the entire esophagus but are less reliable in dis-
tinguishing dysplastic from nondysplastic epithelium. 
The ideal imaging technique would have the following 
characteristics: high sensitivity for dysplasia, moderate 
specifi city not affected by infl ammation, the ability to 
scan a wide area in real time, high interobserver agree-
ment, ability to localize dysplastic areas for biopsy, and 

 B
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nonprohibitive cost. No single currently available imag-
ing method has all these criteria or even several of these 
criteria. However, the development of new endoscopic 
imaging techniques has opened exciting avenues in the 
area of Barrett’s research with the potential to improve 
on surveillance and treatment strategies that constitute 
the current standard of care. In the future, we may fi nd 
that the combination of various imaging methods pro-
vides the best management algorithm. 

 ENDOSCOPIC IMAGING METHODS 

 Chromoendoscopy 

 Chromoendoscopy refers to the application of contrast 
stains to the mucosa at endoscopy such that surface 
patterns are highlighted. Chromoendoscopy using ab-
sorptive stains (methylene blue, cresyl violet, Lugol’s 
solution), contrast stains (indigo carmine), and reac-
tive stains (Congo red) has been described. Methylene 
blue (MB)-based chromoendoscopy, the most common 
form of chromoendoscopy, involves the direct applica-
tion of MB to the mucosa, which is avidly absorbed by 
intestinal-type epithelium. Therefore, application of MB 
results in staining of Barrett’s epithelium with sparing 
of nonintestinal columnar and squamous epithelium 
(Figure 17.1). Furthermore, dysplastic Barrett’s epithe-
lium stains less than BE without dysplasia because of the 

paucity of goblet cells in the setting of dysplasia. There-
fore, areas of BE with dysplasia may be more evident on 
chromoendoscopy using MB.   

 The technique of chromoendoscopy using MB 
involves clearance of surface mucus in the esophagus 
by fl ushing with 10% N-acetylcysteine. Subsequently, 
0.5% MB is applied to the esophageal mucosa using 
an endoscopic spray catheter. After a 2-minute staining 
period, excess MB is cleared by fl ushing with sterile 
water. In reported studies, the sensitivity and speci-
fi city of chromoendoscopy-targeted biopsy in detec-
tion of specialized columnar epithelium varies from 
53% to 98% and 32% to 97%, respectively (2). In 
detecting dysplasia in patients with BE, the yield of 
 chromoendoscopy-guided biopsy compared to random 
biopsy is even more variable. Some of the discrepancies 
in the reported accuracy of MB-based chromoendos-
copy could be related to variations in the technique of 
chromoendoscopy and intra- and interobserver varia-
tions. The pattern of mucosal staining with MB appears 
to be important with focal areas of decreased stain 
intensity and/or increased stain heterogeneity being 
associated with areas with higher grades of dysplas-
tic changes (3). High-magnifi cation endoscopes have 
been used to improve the yield of chromoendoscopy, 
but in a recent prospective multicenter study, the yield 
of high-magnifi cation chromoendoscopy was similar 
to the technique of random biopsy in this setting (4). 
Chromoendoscopy is often cumbersome, time consum-
ing, and potentially toxic with MB being implicated in 
oxidative DNA damage (5). Another important limita-
tion is its inability to highlight the subepithelial capil-
lary network, which is often distorted in the vicinity of 
superfi cial neoplasia. The MB chromoendoscopy tech-
nique has not been adopted widely, and recent studies 
have suggested that MB chromoendoscopy is likely of 
limited benefi t in BE surveillance. 

 Unlike MB, indigo carmine is simply a contrast 
agent that accentuates mucosal surface patterns. Indigo 
carmine is applied during endoscopy using a typical en-
doscopic spray catheter, after clearing of surface mucus 
with a water, saline, or N-acetylcysteine fl ush. The use 
of a cap fi tted at the endoscope tip has been described to 
stabilize high-magnifi cation images and image areas of 
interest. Sharma et al. (6) have investigated the surface 
patterns in BE using magnifi cation chromoendoscopy 
with indigo carmine. In their study of 80 patients with 
BE, 3 distinct surface patterns were appreciated: ridged/
villous, circular, and irregular/distorted. The ridged/
villous pattern, which has a cerebriform appearance, 
and circular pattern, which has uniform circular or oval 
areas, were observed in nondysplastic BE and in low-
grade dysplasia. The irregular/distorted pattern was 
observed in high-grade dysplasia (HGD) with a 100% 
sensitivity and specifi city. 

FIGURE 17.1

Methylene blue staining of Barrett’s esophagus.
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 Narrowband Imaging 

 Until recently, endoscopic systems exclusively used 
visible white light with wavelengths ranging from ap-
proximately 400 to 800 nm for illumination during 
endoscopic imaging of the gastrointestinal mucosa 
(Figure 17.2). Recent advances in endoscopic imaging 
have led to the use of narrowband imaging (NBI) for 
visualization of the esophageal mucosa. In NBI, opti-
cal interference fi lters are placed in front of a sequen-
tial red-green-blue illumination system for narrowing 
the spectral bandwidths; the depth of light penetration 
into the tissue is dependent on its wavelength, and the 
blue component of white light, which is preferentially 
enhanced during NBI, penetrates only superfi cially, 
highlighting the superfi cial capillary network and also 
the mucosal pit patterns (Figure 17.3). Reports have 
indicated the utility of NBI, particularly in combina-
tion with high-resolution magnifi cation endoscopy 
in improving the detection of specialized columnar 
epithelium and also dysplastic epithelium in patients 
with BE, and the yield is at least comparable to that of 
conventional chromoendoscopy (7–9). In a random-
ized crossover controlled trial, indigo carmine chro-
moendoscopy and NBI were comparable as adjuncts 
to high-resolution endoscopy in detecting early neo-
plasia in patients with BE (10). A recently introduced 
multispectral endoscopic imaging technique based on 
postprocessing of digital endoscopic images by spec-
tral estimation also has been shown to improve visual-
ization of the subepithelial capillary network and may 
be comparable or superior to conventional chromoen-
doscopy (11).    

 Autofl uorescence 

 Fluorescence is the process in which certain molecules, 
termed fl uorophores, absorb light energy and reach an 
excited state. From the excited state, fl uorophores return 
to the ground state and, in that process, emit light of a 
longer wavelength than the light that produced the ex-
cited state. Emitted light within the visible light spectrum 
accounts for the optical phenomenon of fl uorescence. 
The use of fl uorescence for imaging may be based on 
endogenous fl uorophores, such as NADH or collagen, 
or the use of exogenously supplied fl uorophores, such as 
porfi mer sodium or the fl uorescent dye fl uorescein. The 
exploitation of endogenous fl uorophores in biologic tis-
sue for imaging is termed autofl uorescence (12). Varia-
tions in molecular composition and tissue microstructure 
lead to differences in fl uorescence, thereby creating the 
potential for distinguishing neoplastic from nonneoplas-
tic tissue. Prototype endoscopes that make use of this 
technology have been developed. Additional tissue char-
acteristics based on red and green light refl ectance have 
also been incorporated to improve the image production 
algorithm. The application of the concept of autofl uo-
rescence using the endoscope as the source of excitation 
light waves has been termed light-induced fl uorescence 
endoscopy (LIFE). 

 Early fi ber-optic endoscopy technology that in-
corporated LIFE found that infl ammation as well as 
dysplasia leads to increased autofl uorescence. The au-
tofl uorescence signal is also quite weak and diffi cult 
to identify, limiting the applicability of this technology 
for BE surveillance. The use of intravenous or topical 
fl uorophores such as 5-aminolevulinic acid improved 

FIGURE 17.3

The same area with narrowband imaging. An irregular/dis-
torted mucosal pattern is apparent in an area of high-grade 
dysplasia.

FIGURE 17.2

Barrett’s esophagus with high-grade dysplasia on  standard 
white-light video-endoscopy.
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the performance of LIFE but still not to a level where 
it could be applied clinically (13). Kara et al. (14) com-
pared autofl uorescence-targeted biopsies with random 
4-quadrant biopsies in 50 patients presenting for BE sur-
veillance. Using a fi ber-optic endoscope with the LIFE II 
autofl uorescence system (Xillix Corp, British Columbia, 
Canada), the investigators found that the use of LIFE-
targeted biopsies did not improve the detection of HGD 
and adenocarcinoma over standard white-light endos-
copy with the Seattle protocol. 

 The value of autofl uorescence endoscopy in the 
detection of dysplasia in BE has been improved by the 
development of new autofl uorescence-refl ectance imag-
ing (AFI) techniques that utilize CCD endoscopes and 
imaging algorithms that also incorporate red/green re-
fl ectance. Investigators from Amsterdam used this pro-
totype combined AFI system (Olympus, Inc., Tokyo, 
Japan). Nondysplastic BE appears green with this sys-
tem, and suspected dysplastic BE appears blue/violet 
(Figures 17.4 and 17.5) (15). The video image is much 
clearer than the older fi ber-optic system. In this initial 
unblinded pilot study, the investigators compared the 
rate of detection of HGD in all-comers being evalu-
ated with BE using AFI-guided biopsies and random 
4-quadrant biopsies. In 60 patients, AFI-guided biopsies 
increased the detection rate of HGD or adenocarcinoma 
from 23% to 33%. The positive predictive value of AFI-
suspicious areas was 49%, while the negative predictive 
value was 89%.   

 The same investigators from Amsterdam performed 
a subsequent study of 20 patients with known BE with 

high-grade dysplasia. Suspicious areas were identifi ed as 
purple areas using AFI (16). NBI examination was then 
performed to determine whether these areas had infl am-
matory or dysplastic features. Biopsies obtained from all 
suspicious areas were used to determine the accuracy of 
histologic prediction based on combined AFI and NBI. 
They found that the false-positive rate of AFI alone for 
predicting dysplasia was 40%. Additional interpretation 
of NBI following AFI imaging reduced false positivity 
to 10%. This “proof of principle” study suggests that 
perhaps a combination of novel imaging methods will 
be necessary for sensitive detection of dysplasia while 
maintaining reasonable specifi city. 

 Unlike NBI, which is more of a “focal” technique, 
AFI is a “global” technique that can be used to scan the 
entire segment of BE. However, early data also show that 
AFI lacks the sensitivity and specifi city to warrant rou-
tine use in guiding endoscopic surveillance. As AFI in-
struments continue to evolve, these parameters are likely 
to improve. The combination of 2 novel (17) imaging 
techniques such as AFI and NBI may ultimately prove to 
be an effective way of detecting dysplastic BE, although 
the expense of combining multiple imaging technologies 
might make this approach cost prohibitive. 

 Optical Coherence Tomography 

 Optical coherence tomography (OCT) is an imaging 
technology that allows imaging of biologic tissues to 
the micrometer scale (18). OCT performs imaging by 

FIGURE 17.5

The same area with autofluorescence imaging. Nondyplastic 
Barrett’s esophagus appears green, while high-grade dyspla-
sia appears violet.

FIGURE 17.4

Barrett’s esophagus with standard white-light video-endoscopy.
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sending an optical beam of infrared light into the tissues 
and then measures the refl ected or backscattered inten-
sity and depth of the light from various layers, planes, 
structures, and cell membranes within the tissues. It is 
conceptually analogous to B-mode ultrasound, except 
that OCT uses light waves rather than sound waves. 
Light waves derived from a low-coherence light source 
are delivered to an optical-fi ber splitter that sends half 
the light to the area to be imaged and the other half to 
a reference mirror. By a process termed interferometry, 
the backscattered light from tissue and the time delay 
between refl ected light waves from tissue and the refer-
ence mirror are processed (19–21). The resulting image 
is a 2-dimensional tomogram with a resolution of 1 to 
15 microns and scanning depth of 1 to 3 mm. This per-
mits examination of not just the gastrointestinal wall 
layers but also microstructures and possible cellular 
features within these wall layers. OCT is able to image 
dysplastic epithelium within a segment of BE. OCT uses 
optical fi ber technology allowing for incorporation into 
a catheter-probe design that can be passed through an 
endoscope channel. Although the resolution of OCT 
is not quite at the level of histopathology, the aim of 
OCT imaging, in contrast to chromoendoscopy, NBI, 
and AFI, is to produce images that provide some degree 
of histologic detail. In this context, OCT not only can 
differentiate Barrett’s epithelium from squamous epi-
thelium and detect villous/crypt architecture, but also 
has the potential to differentiate nondysplastic BE from 
dysplastic BE. 

 Studies in the colon polyp model were initially used 
to determine the OCT characteristics of dysplasia—loss 
of tissue organization and reduced light scattering that 
have since been applied to the esophagus (22). In the 
normal esophagus, several distinct layers are clearly vi-
sualized: a relatively homogeneous epithelium, a high 
backscattering lamina propria, a low scattering muscu-
laris mucosa, a high scattering submucosa, and a low 
scattering and thick muscularis propria (Figure 17.6) (23). 
In contrast, the uniformly layered structure is disrupted 
in BE and multiple crypt and gland-like structures are 
seen as pockets of low backscattering (Fig ures 17.7 and 
17.8). Using these criteria in a double-blinded, prospec-
tive study of 33 patients with BE, Isenberg et al. (24) 
found that OCT had a sensitivity and specifi city of 68% 
and 82%, respectively, for detecting dysplasia in BE. An-
other study by Evans et al. (25) using analogous criteria 
found that OCT could be used to distinguish BE from 
nonmetaplastic epithelium at the squamocolumnar junc-
tion. The currently available endoscopic OCT probes do 
not have the capability of providing images at the nu-
clear level and are applicable only for research purposes. 
However, ongoing development of these devices with 
improved resolution is likely to increase the diagnostic 
accuracy of OCT in BE.    

 Light-Scattering Spectroscopy 

 The scatter of light after interacting with tissue can help 
in identifying cellular characteristics because nuclei are 
the major organelles that cause scatter. Light-scattering 
spectroscopy is a variant of refl ectance spectroscopy, 

FIGURE 17.6

Optical coherence tomography image of a normal 
esophagus.

FIGURE 17.7

Optical coherence tomography image of Barrett’s esophagus. 
Villous surface pattern is apparent.
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which examines the spectrum of multiply scattered 
light. It provides information about the size and den-
sity of epithelial nuclei. In vitro studies show that the 
composite measurements of the spectrum based on the 
size and clustering of the scattering particle could dif-
ferentiate dysplastic Barrett’s epithelium from normal 
epithelium with a high sensitivity and specifi city (26). 
The processing of data with this technology is not yet 
rapid enough for real-time endoscopic use, and it re-
mains a focal technique that has not been tested in the 
clinical setting. 

 Confocal Endomicroscopy 

 The technique of fl uorescence-aided confocal endomi-
croscopy has been recently introduced, allowing real-
time in vivo microscopy of the mucosal layer of the 
gastrointestinal tract and perhaps increasing detection 
of early neoplasia by enabling “smart,” guided biopsies 
(27). During confocal endomicroscopy, an argon ion 
laser with an excitation wavelength of 488 nm emerg-
ing from the confocal unit at the tip of the endoscope 
is focused on the tissue, applied fl uorescent material 
is excited by the incident laser light, and the emitted 
fl uorescing light is exclusively detected by the confocal 
unit at an exactly defi ned horizontal level, thus produc-
ing a microscopic image of the tissue at the focal point 
with an optical slice thickness of 7 micrometers, lateral 

 resolution of 0.7 micrometer, and sampling area of 450 
by 450 micrometers. The image data are collected at 
scanning rates varying from 0.8/s to 1.6/s and the range 
of depth of imaging (z-axis) from 0 to 250 micrometers. 
The confocal endomicroscope can be used as standard 
video-endoscope with biopsy capabilities, and recently 
a miniprobe-based confocal endomicroscopic imaging 
system also has become commercially available. From 
initial reports of this technology, it appears that unlike 
any other endoscopic technique, confocal endomicros-
copy can provide a real-time diagnosis of specialized 
columnar epithelium in areas of columnar-lined epithe-
lium by identifying the pathognomic goblet cells (Fig-
ure 17.9). Potentially, this technique could identify neo-
plastic lesions in BE and have important implications 
for endoscopic therapy in BE patients. In a report of 
63 patients of BE undergoing confocal endomicroscopy 
with histopathologic correlation, Barrett’s epithelium, 
with its villous, dark, regular, cylindrical epithelial cells 
with characteristic goblets cells appearing as dark spots 
in the single-cell layer of the  columnar-lined epithe-
lium, could be easily identifi ed. The typical appearance 
of Barrett’s epithelium was readily distinguishable from 
gastric type epithelium, which is often seen in areas 
of columnar-lined epithelium and is characterized by 
round glandular openings and a cobblestone appear-
ance. In addition to identifi cation of areas of intestinal 
metaplasia, high-grade intraepithelial neoplasia could 

FIGURE 17.8

Optical coherence tomography image of Barrett’s esophagus 
with high-grade dysplasia characterized by loss of tissue 
organization.

FIGURE 17.9

(A) Columnar epithelium with (dark arrow) without goblet 
cells. (B) Goblet cells (black arrow) and narrow lumen of a 
Barrett’s gland (white arrow). (C) Features of high-grade dys-
plasia with loss of basal border (black arrows) of dysplastic 
cells. (D) Disorganized architecture of the gland consistent 
with invasive cancer (black arrow); white arrow shows a 
nondysplastic Barrett’s gland with single-layered thin colum-
nar epithelium.
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also be identifi ed by presence of irregular, dark, po-
lygonal cells without a regular basal border and also 
by presence of an irregular capillary network in the 
mucosa, particularly in the deeper parts. Overall, the 
accuracy in identifying intestinal metaplasia in this ex-
ploratory study was reported as 97%, and the accuracy 
in identifying Barrett’s associated neoplastic changes 
was also very high (28).    

 Given the initial reports of high accuracy of the 
technique of confocal endomicroscopy, it will be impor-
tant to evaluate this technique in a controlled blinded 
fashion and compare the yield of confocal endomi-
croscopy guided biopsy with that of the established 
technique of 4-quadrant random biopsy in identifying 
intestinal metaplasia and early neoplasia in these pa-
tients. It is conceivable that this optical technique could 
even replace histologic biopsy. However, the diffi culty 
with this microscopic technique remains the inability to 
examine the entire esophagus. Since it can examine only 
small areas, it will be subject to the same sampling error 
that is associated with random biopsies. It will be able 
to identify HGD or early cancer only if there is a mor-
phologic fi nding that directs the endoscopist to image 
the affected area. Interpretation of confocal images will 
also require endoscopists to be trained in interpretation 
of histopathology. 

 Endocytoscopy 

 Another novel technique based on fl exible catheter 
probe equipped with an ultra-high-magnifying video-

endoscope, known as the endocytoscope, has been 
 recently introduced. With this technique, individual cells 
or nuclei can be visualized in a real-time fashion with 
a fi xed magnifi cation of 450 times or 1,125 times in a 
sampling area of 300 by 300 micrometers. Although the 
initial reports of this technology are exciting, its clinical 
utility remains questionable (29,30). 

 CONCLUSION 

 Identifi cation of the ideal endoscopic method for sur-
veillance of BE and detection of dysplasia remains an 
elusive goal. Whether recent advances in endoscopic 
imaging such as NBI, OCT, and AFI will comple-
ment or replace some of the older methods of mu-
cosal enhancement such as chromoendoscopy from 
a clinically practical standpoint is uncertain. What is 
clear is that the more sophisticated techniques such as 
OCT, confocal endomicroscopy, light-scattering spec-
troscopy, and endocytoscopy, which produce higher-
resolution images, inevitably narrow the endoscopic 
“fi eld of view,” making these techniques diffi cult to 
use in scanning an entire segment of BE. In the future, 
combining techniques that can scan a large region and 
then focus in on suspicious areas for targeted biop-
sies may be an attractive approach. Of course, a novel 
imaging method will succeed only if it is not prohibi-
tively expensive and can be mastered by practicing 
endoscopists. 
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  18    Esophageal Imaging: 
Anatomic 

 Gregory G. Ginsberg 

his chapter details endoscopic and 
endoscopic ultrasound (EUS) im-
aging and staging of esophageal 
tumors including squamous cell 
carcinoma (SCCA), adenocarci-

noma (ADCA), and subepithelial neoplasms. Enhanced 
endoscopic imaging and endoscopic mucosal resection 
contributions are detailed elsewhere, as are complimen-
tary cross-sectional imaging, positron-emission tomog-
raphy, and clinical staging. 

 ENDOSCOPY IN SUSPECTED 
ESOPHAGEAL CANCER 

 Flexible endoscopy is indicated in suspected esophageal 
carcinoma. Endoscopy allows direct visualization of the 
esophagus as well as tissue sampling to confi rm the di-
agnosis. Endoscopy may also facilitate initial relief of 
dysphagia in that dilation can be performed at the time 
of diagnosis. 

 Endoscopy allows accurate characterization of the 
tumor’s confi guration, length, and localization. These 
features may provide clues as to the histopathology (Fig-
ures 18.1 and 18.2). SCCA are more apt to occur in the 
upper and middle thirds of the esophagus, and ADCA 
are more apt to occur in the lower third and at the level 
of the esophagogastric junction (EGJ). However, both 

SCCA and ADCA may be found continuously or dis-
continuously throughout the esophagus. SCCA of the 
esophagus is an aggressively invasive tumor, and esoph-
agorespiratory fi stulas occur more commonly because of 
direct tumor extension.   

 Advanced lesions typically appear endophytic as 
polypoid, fungating, or ulcerated masses. Lesions may 
be eccentric or circumferential. Coincident Barrett’s ap-
pearing epithelium may be recognizable associated with 
ADCA, but in advanced lesions the tumor will have over-
taken any preexisting Barrett’s esophagus (BE), and as 
such no associated BE will be recognizable. Otherwise, 
there are no particularly distinguishing morphologic 
features to distinguish advanced SCCA from ADCA 
based on endoscopic imaging alone. In many instances, 
it is diffi cult or impossible to categorize ADCA involv-
ing the EGJ as a primary gastric cardia cancer extend-
ing proximally versus true a EGJ ADCA versus a lower 
esophageal ADCA extending distally. Occasionally, this 
diffi culty with designation may vex treatment decision 
making. 

 Standard endoscopic forceps biopsy typically 
yields the histopathologic diagnosis. Brush cytology 
may be used as a complementary technique to enhance 
the yield in establishing a diagnosis. Biopsy procedures 
should be directed at nonnecrotic-appearing areas. At 
least 6 biopsy samples should be obtained to yield an 
accuracy approaching 100% (1). Both tumor types 

 T
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submucosal spreading tumors undermine histopatho-
logically normal-appearing epithelium. Tumors that 
show these characteristics may defy a histologic diag-
nosis by endoscopic biopsy forceps tissue sampling. 
When this is suspected, EUS-guided fi ne-needle aspira-
tion (FNA) may be considered to clarify and confi rm 
the diagnosis. Undermining submucosal carcinomas 
at the EGJ may mimic achalasia and as such is termed 
 pseudoachalasia.  

 In contrast to advanced lesions, early cancers are 
more likely to be asymptomatic. Screening, surveillance, 
and serendipitous endoscopy may permit the diagnosis 
of intramucosal and superfi cial submucosal cancers. Not 
surprisingly, these early cancers have better prognoses 
compared to advanced cancers and may by amenable 
to curative nonoperative therapies. While screening and 
surveillance in BE and state-of-the-art esophageal muco-
sal imaging are covered elsewhere in this book, the fol-
lowing observations regarding early SCCA are offered 
for completeness. Dysplastic squamous mucosa may 
appear normal; fl at, raised, or depressed; nodular; or 
pale or erythematous or as an erosion or plaque. When 
screening is performed endoscopically, visual inspec-
tion to identify pathology is the fi rst step. If dysplasia or 
cancer is endoscopically recognizable, these lesions can 
be targeted directly. If there are no visible lesions, then 
a large number of systematic biopsies should be taken. 
Early detection of SCCA may be enhanced by vital stain-
ing with diluted Lugol’s solution delivered endoscopi-
cally through a spray catheter. Lugol’s solution is rapidly 
taken up by normal squamous mucosa, in contrast to 
dysplastic or malignant squamous epithelium, which 
remains unstained (Figure 18.3). This technique may 
also be applied to detect the extent of mucosal surface 
involvement when endoscopic therapy is being contem-
plated for macroscopically recognized lesions. Tissue 
sampling from the unstained areas confi rms the presence 
and extent of mucosal involvement.   

 ENDOSCOPIC ULTRASOUND 
IN ESOPHAGEAL CANCER 

 To image into and through the luminal digestive tract, 
EUS incorporates fl exible endoscopy and high-frequency 
ultrasound. It enables the endosonographer to evaluate 
the wall layer pattern of the esophagus and to detect 
the presence of regional and celiac lymph nodes. EUS-
guided FNA permits directed tissue sampling of subdia-
phragmatic and mediastinal lymph nodes. EUS is used 
for staging esophageal cancer and in the evaluation and 
management of patients with BE and high-grade dyspla-
sia (HGD). 

 EUS is available in an endoscope-based system and 
a catheter-based system. The endoscope-based systems 

FIGURE 18.1

Endoscopic image of an esophageal squamous cell carcinoma 
of the mid-esophagus arising from a background of otherwise 
normal-appearing esophageal mucosa.

FIGURE 18.2

Endoscopic image of esophageal adenocarcinoma in the mid-
esophagus arising at the proximal aspect of long-segment 
Barrett’s metaplasia.

may also exhibit an infi ltrative submucosal spreading 
process with no appreciable intraluminal mass. These 
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are divided into radial and linear array scanning sys-
tems. The radial echoendoscope uses a mechanically 
rotated transducer to generate a real-time 360-degree 
cross-sectional image perpendicular to the long axis of 
the instrument. Radial scanning echoendoscopes pro-
vide imaging at 5, 7.5, 12, and 20 MHz. 

 The linear array echoendoscope has an electroni-
cally operated transducer that produces a ~270-degree 
real-time image parallel to the long axis of the endo-
scope. The linear array echoendoscope permits FNA 
under direct EUS guidance. The linear array echoendo-
scope also has power Doppler capability, allowing con-
fi rmation of vascular structures. 

 High-frequency catheter ultrasound probes may be 
passed through the accessory channel of a forward view-
ing endoscope, allowing visually directed probe localiza-
tion and substituting for a dedicated scope-based system. 
The catheter-based probes may be placed directly over a 
small target lesion. The probes are available as 2, 2.4, 
and 2.6 mm in diameter with frequencies of 12, 15, and 
20 MHz. These high-frequency probes may delineate up 
to 7 to 9 layers within the esophageal wall but at the 
expense of a limited depth of penetration. 

 EUS more typically generates a 5-layer wall pat-
tern of alternating hyperechogenicity (bright) and hy-
poechogenicity (dark) that correlates with histology 
(Figure 18.4). To improve acoustic coupling, scanning is 

FIGURE 18.3

The unstained image on the left (a) shows only slightly nodular esophageal mucosa. Biopsies had demonstrated squamous 
cell carcinoma in situ. After Lugol’s staining, the image on the right (b) demonstrates broad areas of unstained mucosa, directing 
targeted sampling or endoscopic resection.

performed with water immersion or with a water-fi lled 
balloon sheath over the probe.   

 EUS is used in the evaluation of regional lymph 
nodes. Mediastinal lymph nodes may be detected by EUS 
in disease and health. Lymph nodes appear as spheroid, 
ovoid, or pyramidal echogenicities. It may be diffi cult to 
differentiate between malignant and benign nodes with 
imaging alone. Sonographic characteristics of malignant 
lymph nodes include size greater than 1 cm in diameter, 
hypoechogenicity, and round in shape with sharp bor-
ders (2). The introduction of FNA increases the accuracy 
of EUS in detecting malignant nodes (3). The presence 
of malignant appearing lymph nodes in patients with 
suspected “early” cancer, based on endoscopy and com-
puter tomography (CT) scan fi ndings, would support 
operative rather than endoscopic therapy. Doppler elas-
tography and computer analyses may enhance the EUS 
discrimination between benign and malignant lymph 
nodes (4,5). 

 ENDOSCOPIC ULTRASOUND 
STAGING OF ESOPHAGEAL 

CANCER 

 Esophageal cancer is highly lethal. The prognosis and 
treatment of esophageal cancer is dependent upon the 

(a) (b)
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FIGURE 18.5

T1 lesions are limited to the mucosa and submucosal layers 
(first 3 layers) (a); T2 lesions invade into but not though the 
muscularis propria (fourth) layer (b); T3 lesions penetrate 
through the muscularis propria and into the periesophageal 
fat (c); T4 lesions directly invade vital surrounding structures, 
like the aorta, as seen here (d); and regional metastases are 
seen as enlarged spheroid hypoechoic periesophageal lymph 
nodes (e).

stage of the disease at the time of diagnosis. The staging 
of esophageal carcinoma is based upon the tumor, node, 
and metastasis classifi cation (detailed elsewhere in this 
volume) (6). The biologic behavior of advanced SCCA 
and ADCA are suffi ciently similar to permit their coinci-
dent consideration here. Once the diagnosis of esophageal 
cancer is made, cross-sectional imaging should be per-
formed to evaluate for liver and other distant lymph node 
metastases. CT scanning is most commonly employed. 
Positron-emission tomography (PET) scanning is gaining 
increasing acceptance for the detection of distant metas-
tases as well. In the absence of distant metastases, EUS is 
recommended for local tumor and nodal staging when 
stage-based therapy is being considered. The T staging of 
esophageal ADCA is demonstrated in (Figure 18.5).   

 EUS more accurately determines T stage and re-
gional lymphadenopathy as compared to other imaging 
modalities (7,8). Staging accuracy holds for both esoph-
ageal SCCA and ADCA. The T stage of esophageal car-
cinoma can help to predict the N stage. The relationship 
between the T stage and N stage was studied in a ret-

rospective review of 359 patients undergoing esopha-
gectomy for esophageal carcinoma. The prevalence of 
regional lymph nodes in patients with ADCA with in-
vasion into the lamina propria and muscularis mucosa 
(T1 intramucosal) was 2.8%. The prevalence of regional 
lymph nodes increased with the depth of tumor invasion 
( P  < 0.0001) (9). A comparison of CT scan, laparoscopic 
ultrasound, and EUS was made in a group of 36 patients 
for staging of esophagogastric carcinoma (7). CT scan 
was more accurate in locally advanced tumors (T3 and 
T4) when compared with EUS, 95% versus 88%, respec-
tively. EUS performed superiorly when assessing early 
tumors and locoregional nodal involvement with accu-
racies of 62% and 72%, respectively. Distant metastases 
were more accurately detected with laparoscopic ultra-
sound (81%) compared with CT scan (72%). Another 
study performed by Wallace et al. (10) showed that com-
bination imaging tests (i.e., PET with EUS/FNA or CT 
scan with EUS/FNA) proved to be more cost effective 
in a decision analysis model. EUS is also superior to CT 
scanning for detection of celiac lymph nodes. In a study 
of 62 patients, EUS was used to evaluate celiac lymph 

FIGURE 18.4

Esophageal endoscopic ultrasound generates a 5-layer wall 
pattern of alternating hyperechogenicity (bright) and hy-
poechogenicity (dark) that correlates with the superficial 
mucosa (first bright layer), deep mucosa including the mus-
cularis mucosa (first dark layer), the submucosa (second 
bright layer), the muscularis propria (second dark layer), and 
the adventitia (third bright layer). The endoscopic ultrasound 
transducer is central with surrounding water-filled coupling 
balloon. In this image, the anechoic descending aorta is at 
12:00 and azygous vein at 9:00.

(a)
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nodes in 95% of the  patients. EUS was positive in 19 pa-
tients, and CT scan was positive in 2. The sensitivity and 
specifi city of EUS was 72% and 97%, respectively, ver-
sus 8% and 100%, respectively, for CT scan. EUS with 
FNA can identify patients with M1a disease (i.e., posi-
tive celiac lymphadenopathy) and therefore helps direct 
management (11). This more accurate staging identifi es 
patients with advanced locoregional disease who would 
benefi t most from preoperative neoadjuvant chemora-
diation therapy (12). 

 IMPACT OF ENDOSCOPIC 
ULTRASOUND STAGING 

IN ESOPHAGEAL CANCER 

 Staging of EUS has a positive clinical impact in patients 
with esophageal cancer. Hiele et al. (13) analyzed the 
survival data of 86 patients who underwent EUS for 
staging of tumors of the esophagus or EGJ. A surgi-
cal resection was performed in 73 patients. Survival of 
 patients was signifi cantly dependent on EUS T staging 

FIGURE 18.5 (continued)

(b) (c)

(d) (e)
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( P  = 0.05), EUS N staging ( P  = 0.02), and the presence of 
stenosis ( P  = 0.02). The worst prognosis was related to 
patients with celiac lymph node metastasis ( P  = 0.0027). 
In this study there was a decreased accuracy of T stag-
ing (59%). The majority of patients went to surgery, 
and only 1 patient had preoperative chemoradiation. 
Another study by Harewood et al. (14) compared the 
outcomes of patients diagnosed with esophageal cancer 
in 1998 (i.e., pre-EUS) to patients diagnosed in 2000 
after EUS had become available. Tumor recurrence and 
survival was better in the EUS group. This study demon-
strated that EUS more accurately identifi ed patients who 
benefi ted from preoperative neoadjuvant therapy. In this 
study, there were 5 patients with T1 disease who had 
endoscopic mucosal resection (EMR) performed and 
therefore did not require surgery. There are now a num-
ber of studies that suggest that preoperative chemora-
diation provides the best results for patients with stage 
II and III cancer. In this regard, it is important to identify 
these patients so that they receive the most appropriate 
care. EUS can provide more accurate staging and there-
fore improve patient outcome. 

 EUS staging in esophageal cancer also contributes 
to cost-effectiveness. Shumaker et al. (15) performed a 
retrospective review of the CORI database to identify 
patients who had a preoperative EUS for esophageal car-
cinoma. Cost analysis was done on 188 procedures. It 
was assumed that patients with stage I disease would go 
directly to surgery, while patients with stage IV disease 
would not have combined modality therapy. In this study 
group, 26% of patients were spared the combined modal-
ity therapy and that resulted in a projected cost savings. A 
prospective case series by Chang et al. (16) demonstrated 
similar fi ndings. In this study, there was decreased cost of 
care by $12,340 per patient by reducing the number of 
thoracotomies because of improved staging. Harewood 
et al. (17) used a computer model to determine the cost 
of EUS in the staging of esophageal cancer. In this study, 
EUS FNA provided the least costly approach to patients 
with celiac lymph node involvement as compared with 
CT FNA and surgery. The data are dependent on the 
prevalence of celiac lymph nodes of 16%. These 3 studies 
show that there is a cost savings for patients that have 
EUS performed because more accurate staging permits 
more appropriate individualized therapy. 

 ENDOSCOPIC ULTRASOUND 
IN ESOPHAGEAL CANCER 

WITH STENOSIS 

 Concurrent luminal stenosis does not permit the echo-
endoscope to traverse the tumor in up to 30% of cases of 
esophageal cancer at presentation. In these cases, stric-

ture dilation of up to 12 to 15 mm is required to permit 
passage of the EUS scope. This is compelling, as it is nec-
essary to provide complete staging to include inspection 
for celiac adenopathy. When tumor stenosis is encoun-
tered, several options are available, including dilation to 
allow passage of the echoendoscope or the use of mini-
probes or aborting the procedure with limited staging 
information. In that the risk of perforation accompanies 
dilation of malignant strictures, these options should be 
individualized. In an early experience, Van Dam et al. 
(18) reported a complication rate of 24%. In this study, 
the strictures were dilated up to 18 mm to accommo-
date larger-diameter, more primitive echoendoscopes, 
which may have contributed to the high complication 
rate. A later study performed by Pfau et al. (19) included 
81 patients who required dilation to allow passage of 
the Olympus GF-UM-30 echoendoscope. The dilations 
were performed in a stepwise fashion with fi xed-diameter 
wire-guided tapered dilation catheters or through-the-
scope hydrostatic dilating balloons to about 14 mm. 
The majority of dilations were performed in 1 session. 
Immediately following dilation, the echoendoscope was 
able to traverse the stricture in 85.2% of patients. There 
were no complications. Similar results were obtained by 
Kallimanis et al. (20). Given these fi ndings, and with the 
further reduction in EUS scope diameters, stepwise dila-
tion can generally be safely performed to allow complete 
tumor and nodal staging in patients with esophageal 
cancer and malignant stenosis. 

 The use of catheter ultrasound miniprobes is an-
other means of tumor staging in patients with a tight 
esophageal stricture related to tumor. The miniprobes 
can be passed through the accessory channel of the en-
doscope and through the stricture under fl uoroscopic 
guidance. A study was carried out by Menzel et al. (21) 
to compare the results of the echoendoscope, GF-UM3 
(Olympus, Melville, NY), plus esophagoprobe with the 
miniprobe. The T staging overall was more accurate 
with the miniprobe as compared with the echoendoscope 
plus esophagoprobe, 62% versus 86.8%. The miniprobe 
was also more accurate with regard to the presence or 
absence of periesophageal lymph nodes. There were no 
complications reported with the use of the miniprobes. 
However, these results have not been repeated, and most 
authorities perceive that high-frequency miniprobes do 
not provide a depth of imaging to satisfy tumor and 
lymph node assessment in large tumors. 

 ENDOSCOPIC ULTRASOUND 
IN BARRETT’S ESOPHAGUS 

 In BE, there is a thickening of the esophageal wall that 
can be detected by EUS (Figure 18.2). Srivastava et al. 
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(22) compared the esophageal wall thickness of patients 
with BE and those without using the Olympus EU-M3 
at 12 MHz. The 15 patients with BE were split into 
those with dysplasia and those without. In the control 
group, the esophageal wall thickness was 2.6 mm, the 
nondysplastic BE group had a wall thickness of 3.3, 
and those with dysplasia measured 4.0 mm. The dif-
ference between the nondysplastic measurement and 
the dysplastic measurement was not statistically sig-
nifi cant ( P  < 0.01). The only patients with esophageal 
wall thickness greater than 4 mm had dysplasia. There 
were 2 patients with a focal carcinoma with otherwise 
unsuspected submucosal invasion as proved on surgical 
pathology. Adrain et al. (23) performed a similar study 
with high-resolution endoluminal sonographic exami-
nation using a 20-MHz ultrasound transducer. In this 
series of patients, BE was identifi ed by EUS as a second 
(hypoechoic) layer of the esophageal mucosa that was 
thicker than the fi rst (hyperechoic) layer. All 17 patients 
with BE were correctly identifi ed (100% sensitivity). Ten 
of the 12 controls were identifi ed as normal (specifi city 
86%). This study was not able to differentiate those pa-
tients with dysplasia, but only 2 patients had dysplasia. 
Kinjo et al. (24) took this analysis one step further by 
investigating the cost-effectiveness of EUS in patients 
with BE. In 39 of 56 patients with BE, the esophageal 
wall appeared thickened as compared with controls ( P  
< 0.005). Based on EUS imaging, the endosonographers 
could not differentiate patients with BE and no dyspla-
sia, low-grade dysplasia, or HGD. There was a false-
positive rate of 13% in detecting cancer in patients with 
BE and ADCA. 

 EUS cannot reliably differentiate between the pres-
ence and absence of dysplasia in the setting of BE. Hence, 
EUS is not indicated for routine screening or surveillance 
in patients with nondysplastic BE. 

 ENDOSCOPIC ULTRASOUND 
IN BARRETT’S ESOPHAGUS WITH 

DYSPLASIA 

 EUS may be considered in selected patients with BE and 
HGD because coexistent ADCA may be detected in 30% 
to 47% of cases (25–27). The clinical evaluation of EUS 
in this setting has yielded confl icting results. Falk et al. 
(28) performed preoperative EUS on 9 patients with 
HGD and intramucosal carcinoma. Four of the 6 pa-
tients with HGD were correctly diagnosed as T0. The 
2 patients who were overstaged had mucosal nodular-
ity. EUS identifi ed tumor in only 1 of 3 patients with 
intramucosal carcinoma. In this small group of patients, 
EUS did not reliably predict the presence of intramucosal 
carcinoma in patients with BE and HGD. Conversely, 

a larger study by Scotiniotis et al. (29) reported more 
promising results. In 22 patients with BE and HGD or 
intramucosal carcinoma, preoperative EUS fi ndings were 
compared to surgical pathology. The emphasis in this 
study was the detection of locally confi ned versus ad-
vanced carcinoma, specifi cally the presence or absence of 
submucosal invasion or regional lymphadenopathy. EUS 
accurately predicted the absence of submucosal invasion 
as confi rmed by surgical pathology in all 16 patients who 
were stage Tcis or T1a. EUS correctly predicted sub-
mucosal invasion confi rmed by histopathology in 5 of 
6 patients (83% positive predictive value). There was 1 
false-positive prediction of submucosal invasion by EUS. 
The specifi city of T stage was 94%. EUS overstaged sus-
pected lymphadenopathy as malignant in 4 cases (18%) 
but did not understage in any of the cases. 

 EUS of BE can change the staging that was origi-
nally predicted by esophagogastroscopy (EGD) (30). A 
total of 45 patients with BE with HGD had an EGD and 
EUS performed. Fifteen patients were suspected endo-
scopically to have tumor present, while 30 patients were 
thought to have just dysplasia. Thirty-six patients un-
derwent surgical resection. The BE segment staging and 
nodal staging were accurate in the majority of patients. 
Six of the 30 patients not suspected of having cancer 
on EGD were felt to have cancer by EUS. Five of these, 
83%, were found to have cancer on surgical resection. 
In this study, EUS helped to identify occult malignancy. 
These results support the use of EUS when nonopera-
tive therapy is being considered in patients with BE with 
HGD and/or intramucosal carcinoma. 

 EUS is indicated in patients with BE with dyspha-
gia and/or a focal nodule or stricture, as there is an in-
creased likelihood of underlying carcinoma. Patients 
with a stricture or a nodule have an increased likelihood 
of submucosal invasion (29). There were 12 patients in 
the Scotiniotis study with a nodule and/or stricture. Five 
patients in this group had lesions that invaded into the 
submucosa; conversely, there was no submucosal inva-
sion in the group with BE and no macroscopically recog-
nizable lesions (Fisher exact test, 42% vs. 0%,  P  = 0.04). 
In an earlier study (28), the presence of the nodularity 
in BE with HGD and carcinoma resulted in overstaging 
of the tumor. In the Scotiniotis study, the patients were 
on acid-suppressive medications prior to the endoscopic 
examination, which may have reduced infl ammation as 
a contributor to false-positive staging. 

 Endoluminal eradication therapies employing re-
section and/or ablation techniques are being increasingly 
applied to patients with HGD and early cancer. Endo-
scopic mucosal resection techniques allows for further 
histopathologic staging confi rmation that compliment 
EUS staging in this selected patient population (31,32) 
(Figure 18.6).   
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 LIMITATIONS OF ENDOSCOPIC 
ULTRASOUND IN BARRETT’S 

ESOPHAGUS AND ESOPHAGEAL 
CANCER 

 EUS is operator dependent, and as such the training and 
experience of the endosonographer are likely to impact 
EUS staging accuracy. In one study (33), interobserver 
agreement among experienced endosonographers was 
excellent for all T stages except for T2. There was good 
concordance for EUS stage T1, T3, and T4 lesions, but 
it was poor for T2 lesions. In the less experienced group 
of endosonographers, the agreement for T staging was 
poor at all stages but was satisfactory for lymph node 
detection. 

 EUS artifacts can be created by oblique scanning 
and balloon compression of the esophageal wall. These 
artifacts may result in overstaging of the tumor. Ideally, 
the echoendoscope should be placed perpendicular to the 
tissue being examined. The balloon should be infl ated so 
as to permit acoustic coupling but not so as to compress 
the esophageal wall and thereby distort imaging. The 
anatomic confi guration at the EGJ may not permit ideal 
transducer positioning for tumor staging of lesions that 
extend to and beyond that region. The tubular esopha-
gus does not lend itself to water fi lling, so circumstances 
are encountered in which acoustic coupling cannot be 
ideally achieved. 

 OTHER EPITHELIAL AND 
NONEPITHELIAL TUMORS 

 Other Malignant Epithelial 
Tumors of the Esophagus 

 Squamous Cell Carcinoma Variants 

 An uncommon variant of SCCA, verrucous carcinoma, 
is characterized by an exophytic papillary growth (34). 
Carcinosarcomas (SCCA mixed with spindle cell ele-
ments) may be solitary or multiple. They are often large 
polypoid lesions occurring more commonly in men 
(35). (See Table 18.1 for classifcation of esophageal 
tumors.)   

 Small Cell Carcinoma 

 The esophagus is the most common extrapulmonary 
site of small cell carcinoma. Primary small cell carci-
nomas of the esophagus account for 0.8% to 4.7% of 
all esophageal neoplasms (36). Like SCCA, small cell 
tumors metastasize early and are highly lethal. Their en-
doscopic and EUS features are indistinguishable from 
SCCA. 

 Malignant Melanoma 

 Primary esophageal melanoma is rare and is estimated 
to account for 0.1% of esophageal tumors (37). It is 

FIGURE 18.6

High-grade epithelial dysplasia was detected on forceps biopsies obtained from focal mucosal nodularity within a Barrett’s 
segment (a). When endoscopic ultrasound identified mural thickening limited to the mucosal layers, piecemeal wide-area 
endoscopic resection was performed (b). Histopathology from the resected specimens confirmed moderately differentiated ad-
enocarcinoma with invasion into but not through the muscularis mucosa.

(a) (b)
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suspected when primary skin, ocular, and anal mela-
noma are ruled out. Primary esophageal melanomas 
begin as polypoid tumors. When they grow large and 
ulcerate, bleeding and odynophagia are the presenting 
symptoms. 

 Benign Epithelial Tumors of the Esophagus 

 Squamous Papilloma 

 Squamous cell papillomas (Figure 18.7) are usually 
small, white or pink, sessile or polypoid benign tumors 
that are histologically composed of fi nger-like projec-
tions of lamina propria covered by hyperplastic squa-
mous epithelium (38). Mucosal biopsy or endoscopic 
mucosal resection is safe, diagnostic, and therapeutic. 
Squamous papilloma of the esophagus does not appear 
to predispose to esophageal cancer, and there is no ap-
parent association with human papilloma virus.   

 Adenoma 

 True adenomatous polyps, arising within segments of 
esophageal or EGJ specialized intestinal metaplasia, are 
occasionally observed. They are benign but are consid-
ered dysplastic with malignant potential similar to that 
of adenomas elsewhere in the digestive tract (39). In ad-
dition, they may harbor unsuspected carcinoma. They 

may be sessile or pedunculated. Endoscopic manage-
ment using standard snare or injection mucosectomy 
techniques may be curative. 

 Infl ammatory Fibroid Polyps 

 Infl ammatory fi broid polyps are rare in the esophagus 
(40,41). These nonneoplastic polyps are also called  in-
fl ammatory pseudopolyps  and  eosinophilic granulomas.  
Chronic infl ammation from gastroesophageal refl ux 
disease (GERD) is thought to have a causal role. They 
occur in the distal esophagus or at the EGJ. Endoscopic 
resection yields diagnosis and cure. 

 Malignant Nonepithelial Tumors 

 Lymphoma 

 Lymphomatous involvement of the esophagus is generally 
due to extrinsic compression or direct invasion from me-
diastinal lymph nodes. Except in patients with acquired 
immunodefi ciency syndrome (AIDS), the esophagus is 
rarely the primary site of extranodal lymphoma (42). 
B cell lymphoma is most common. The endoscopic appear-
ance may be exophytic or ulcerative. Esophageal fi stu-
las are common. When forceps biopsy is nondiagnostic, 
EUS-guided FNA of the mural tumor or predictably pre-
sent surrounding lymphadenopathy yield the diagnosis. 

TABLE 18.1
Classification of Esophageal Tumors

Epithelial tumors Nonepithelial tumors

Malignant Malignant

 Squamous cell carcinoma  Lymphoma

 Adenocarcinoma of the esophagus  Sarcoma

 Adenocarcinoma of the esophagogastric junction  Metastatic carcinoma

 Verrucous carcinoma

 Carcinosarcoma

 Small cell carcinoma

 Malignant melanoma

Benign Benign

 Squamous papilloma  Leiomyoma

 Adenoma  Granular cell tumor

 Inflammatory fibroid polyps  Fibrovascular tumor

 Hemangioma

 Hamartoma

 Lipoma
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 Sarcoma 

 Malignant mesenchymal esophageal tumors are rare 
(43). About 5% of all gastrointestinal sarcomas occur 
in the esophagus. Leiomyosarcomas are the most com-
mon and can be diffi cult to distinguish from leiomyomas 
(see discussion later in this chapter). Other sarcomas 
include rhabdomyosarcoma, fi brosarcoma, fi brous his-
tiocytoma, and choriocarcinoma. Tumor characteristics 

include spindle-shaped smooth muscle cells, high mitotic 
rates, local invasion, and, infrequently, distant metasta-
sis. Most patients present with dysphagia. Endoscopic 
biopsy specimens are typically nondiagnostic, although 
the bite-on-bite technique may improve yield. EUS with 
EUS-guided FNA may contribute to diagnosis (44). Neg-
ative FNA specimens, however, cannot reliably exclude 
malignancy. Core biopsy using a true-cut needle may en-
hance histopathologic analysis. 

FIGURE 18.7

A typical esophageal squamous papilloma is seen in the proximal esophagus (a). Electrocautery snare resection is performed 
(b), and the lesion is retrieved with a grasping forceps (c).

(a)

(b) (c)
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 Kaposi’s sarcoma, a rare mesenchymal tumor before 
the AIDS epidemic, has been reported in the esophagus. 
Esophageal involvement is typically seen with concomi-
tant oral and skin lesions (45). Esophageal lesions are 
found incidentally or during evaluation of dysphagia 
or odynophagia. These may mimic esophageal varices 
but are fi rm and do not bleed with biopsy forceps tissue 
sampling, though the diagnostic yield is suspect. 

 Metastatic Carcinoma 

 Metastatic carcinoma to the esophagus is unusual. 
Melanoma and breast cancer are the malignancies that 
most frequently metastasize to the esophagus (46). Ra-
diographic and endoscopic studies typically demonstrate 
compression without disruption of the mucosa. EUS is 
useful in distinguishing extrinsic and intrinsic involve-
ment and in detecting lymphadenopathy. EUS-guided 
FNA has proved useful in confi rming the suspected 
diagnosis. 

 Benign Nonepithelial Tumors 

 Leiomyoma 

 Leiomyomas are the most common benign tumors of the 
esophagus (47) (Figure 18.8). Leiomyomas may occur 
in all parts of the esophagus; however, most (90%) are 
in the distal third. Most patients have a single tumor, 

though multiple leiomyomas may occur. Leiomyomas 
arise from smooth muscle cells or their precursors in 
the muscularis propria or less commonly in the muscu-
laris mucosa. Most leiomyomas are endocentric (intra-
luminal polypoid growth). On endoscopy, the mucosa 
is usually intact, and the mass appears as a rounded, 
smooth, raised lesion protruding into the esophageal 
lumen. Rarely, there may be central umbilication or ul-
ceration. Palpation with a closed tip of a biopsy forceps 
reveals a fi rm but pliable lesion. Forceps biopsies typi-
cally are nondiagnostic revealing only normal surface 
epithelium.   

 EUS is the most accurate tool for diagnosing leio-
myomas and distinguishing them from other submuco-
sal lesions (48). EUS evaluation reveals that leiomyomas 
typically arise from the fourth wall layer (the muscula-
ris propria) and are hypoechoic and homogeneous and 
have sharply demarcated margins. Less commonly, leio-
myomas arise from the muscularis mucosa within the 
deep mucosa, the second wall layer as seen on EUS ex-
amination. Leiomyomas arising from this layer may be 
amenable to endoscopic excision. Neither EUS nor FNA 
cytologic examination accurately distinguish benign 
from malignant smooth muscle tumors preoperatively. 

 Granular Cell Tumor 

 Granular cell tumors are submucosal neoplasms that 
are thought to originate from cells of neural origin. 

FIGURE 18.8

Endoscopic image of a subepithelial esophageal leiomyoma (a). Endoscopic ultrasound demonstrates the lesion as a smooth-
margined hypoechoic mass arising from the muscularis propria layer (b).

(a)
(b)
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Approximately 10% of granular cell tumors involve 
the gastrointestinal tract; the esophagus is the most 
frequent site, and most occur in the lower third (49). 
Endoscopically, they appear broad based, with normal 
overlying mucosa (Figure 18.9). Yellow-tan in color, 
they display a rubbery in consistency. On EUS, they are 
hypoechoic to isoechoic and arise within the submu-
cosal layer. Diagnostic tissue can usually be confi rmed 
with endoscopic biopsy samples obtained by the bite-
on-bite technique. Management options include obser-
vation, endoluminal resection, and surgery. We remove 
5 to 20 mm granular cell tumors using the suction-cap-
ligation-snare-resection technique. 

 Fibrovascular Tumor 

 Large benign fi brovascular polyps occur most commonly 
on the upper third of the esophagus, near the cricopha-
ryngeus muscle. They may contain a mixture of fi brovas-
cular tissue, adipose cells, and stroma but are uniformly 
covered by squamous epithelium (50). Endoscopy is 
usually suffi cient for diagnosis, but magnetic resonance 
imaging can help to determine the origin of these polyps 
and to plan for surgery. The latter is recommended for 
polyps larger than 2 cm in size. Endoscopic snare resec-
tion of fi brovascular polyps can safely be done if EUS 
detects no large feeding vessels in the polyp stalk. Con-
sideration should be given to airway protection. 

 Hamartoma 

 Hamartomas of the esophagus are uncommon (51). They 
are frequently included in the category of fi brovascular 
polyps. As in other locations in the body, esophageal 
hamartomas are benign developmental tumors consist-
ing of disorganized and excessive focal growth of mature 
normal cells. On pathologic examination, the mass can 
contain various elements, including cartilage, bone and 
bone marrow, adipose and fi brous tissue, and smooth 
and skeletal muscle. Esophageal hamartomas may grow 
to large size as long pedunculated polyps. Most occur 
in the upper esophagus and show obstructive symptoms 
and, less commonly, hematemesis. Surgical or endo-
scopic excision is required for symptomatic lesions. 

 Hemangioma 

 Hemangiomas represent 2% to 3% of benign esopha-
geal tumors (52). Two types have been described: cav-
ernous hemangiomas, which are the vast majority, and 
capillary hemangiomas. Hemangiomas appear nodular, 
are blue to red, and are soft and pliable when probed 
with a closed biopsy forceps (Figure 18.10). Classi-
cally, pressure from the forceps causes the lesion to 
blanch. Common symptoms are hemorrhage and dys-
phagia. Differential diagnosis should consider Kaposi’s 
sarcoma. EUS may demonstrate venous lakes in the 
mucosal and submucosa (53). 

FIGURE 18.9

Typical endoscopic image of esophageal granular cell tumor 
(multiple in this case). They appear broad based, with normal 
overlying mucosa, yellow-tan in color, and display a rubbery 
consistency.

FIGURE 18.10

Esophageal hemangioma appears subepithelial, blue in 
color, and soft and pliable when probed with a closed biopsy 
forceps.
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 Lipoma 

 Esophageal lipomas are encapsulated tumors composed 
of well-differentiated adipose tissue generally arising in 
the submucosa. They are rare and most exhibit intramu-
ral morphology. However, they may become pseudope-
dunculated and promote obstructive symptoms. Like 
fi brovascular polyps, lipomas with long pedicles may 
produce laryngeal obstruction and asphyxiation (51). 
On endoscopy, lipomas classically have smooth and nor-
mal appearing overlying mucosa and a yellowish tint. 
Occasionally there is central ulceration and bleeding 
(54). When grasped with biopsy forceps, these lesions 

tend to “tent.” When palpated with a closed biopsy for-
ceps, they indent or “cushion.” Simple biopsy specimens 
are often nondiagnostic, but bite-on-bite technique may 
yield fate cells to support the diagnosis. EUS classically 
reveals a homogeneous hyperechoic lesion with smooth 
outer margins, arising in the third wall layer (corre-
sponding to the submucosa) (55). Because most other 
tumors that arise in the submucosa are hypoechoic, the 
EUS appearance is virtually diagnostic, provided that 
there are no features suggesting invasion or metastases, 
as in the exceedingly uncommon liposarcoma.    
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f the roughly 15,560 patients diag-
nosed with esophageal cancer an-
nually in the United States, nearly 
14,000 will succumb to the dis-
ease, yielding a death-to-incidence 

ratio of approximately 0.9 (1). This dismal prognosis is 
due in large part to patients remaining relatively asymp-
tomatic until the disease has progressed past its early 
stages. Thus, the majority of patients present with lo-
cally advanced or metastatic disease (2). The manage-
ment of locally advanced versus metastatic disease is 
vastly different, and traditionally it has been challeng-
ing to accurately stage patients into 1 of these 2 groups. 
In many cases, this failure to stage properly has helped 
lead to inappropriate management and a high rate of 
treatment failure even after aggressive multimodality 
treatment. Continuing to advance modern therapies is a 
worthwhile objective, but so too is improving the tools 
of staging to ensure that patients receive optimal thera-
peutic management. Complete and accurate staging 
allows identifi cation of those patients who can poten-
tially benefi t from local treatment while sparing patients 
with distant metastases from undergoing intensive local 
multimodality therapy (2,3). Additionally, more precise 
staging can aid in the assessment of future clinical tri-
als in esophageal cancer, where results have historically 
been hindered by imprecise or incomplete initial staging 
of patients. 

 IMAGING MODALITIES 

 Anatomic Imaging 

 For over a decade, endoscopic ultrasonography (EUS) 
and computed tomography (CT) have been mainstays 
of esophageal staging. The role of EUS is in evaluating 
the primary tumor and adjacent lymph nodes. Alone, 
it is used to differentiate between early and advanced 
primary lesions, and when used in combination with 
fi ne-needle aspiration (FNA), EUS is utilized to assess 
regional lymph nodes as well (2,4). EUS has shown to be 
most effective in assessing primary lesions with reported 
sensitivity of 80% to 90% and with regional nodal 
sensitivity in the range of 70% to 80% (2,5). Bulky 
esophageal lesions causing luminal obstruction limit the 
effectiveness of EUS, and it has little role beyond the 
esophagus and adjacent tissue (3). CT acts as an adjunct 
to EUS, providing additional information about bulky 
primary lesions, regional lymph node involvement, and 
distant metastases. The usefulness of CT in the locore-
gional setting is marginal, with sensitivities in the 50% 
range for primary staging and in the 60% to 87% range 
for regional nodal involvement (6). 

 Physiologic Imaging 

 The previously mentioned staging tools deliver ana-
tomic information at a snapshot in time, while positron-

 O
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emission tomography (PET) is a nuclear medicine imag-
ing modality that evaluates physiologic and biochemical 
processes (7,8). Depending on the radiopharmaceutical 
selected, this technology has the ability to determine 
information regarding various metabolic processes (7). 
Many esophageal tumors demonstrate high levels of cel-
lular metabolism when compared to surrounding nor-
mal tissue. These tumors have also been shown to have 
increased glycolysis and an increased number of glucose 
transporter proteins (9). In an effort to identify cells 
with increased metabolism, a positron-emitting radio-
tracer, 2-[ 18 F]fl uoro-2-deoxyglucose (FDG), was devel-
oped. FDG is a glucose analogue and is transported into 
cells, where it is then phosphorylated to 2-[ 18 F]fl uoro-
2-deoxyglucose-6-phosphate (FDG-6-phosphate) in a 
manner mimicking glucose (Figure 19.1). Within the 
cell, further metabolism and breakdown of FDG-6-
phosphate is limited by a relative lack of glucose phos-
phatase, and because it is highly polar, it cannot exit the 
cell (7). Secondary to high metabolic rates, many tumor 
cells selectively uptake FDG and trap FDG-6-phosphate 
intracellularly. This FDG-6-phosphate then accumu-
lates in tumors cells following intravenous injection and 
provides a signal of high glycolytic tissue activity in in-
volved areas throughout the whole body when imaged 
(10). While limited in some anatomic regions, like the 
brain and urinary tract, FDG-PET is successful in iden-
tifying malignant tumors throughout the body (11).   

 STAGING 

 Primary Site Evaluation 

 FDG-PET has been used in evaluating both squamous 
cell carcinomas (SCCs) and adenocarcinomas of the 

esophagus. In most cases, FDG accumulation within 
SCC primary tumors is relatively high, with visualiza-
tion usually limited only by the size of the lesion (PET 
imaging devices have limited spatial resolution with le-
sions smaller than 5–8 mm) (12). FDG accumulation 
in adenocarcinoma primary tumors is more variable, 
however, with avidity related to various tumor charac-
teristics (13). In many cases, non-avid tumors tend to be 
more mucus containing and poorly differentiated, often 
showing a diffuse, nonintestinal growth type (13). FDG-
PET has the ability to detect primary lesions within the 
esophagus, but its capacity to determine stage is not 
nearly that of EUS, and thus its role in primary tumor 
evaluation in limited. 

 Regional Evaluation 

 Prognostically, overall survival (OS) is impacted by 
the involvement of regional lymph nodes, with worse 
outcomes associated with increased nodal involvement 
(14). Traditional anatomical imaging modalities are lim-
ited in their ability to detect nodal involvement in cases 
where nodes are of normal size, are enlarged because 
of nonmalignant conditions, or are obscured by the pri-
mary tumor. FDG-PET is useful tool in staging regional 
disease, especially in situations where there is some 
question after EUS and CT. The ability of FDG-PET to 
properly identify nodal disease can potentially preclude 
more invasive procedures, such as mediastinoscopy, that 
are associated with increased cost and morbidity. 

 Evaluating esophagectomy and lymph node dis-
section specimens, a study of 47 patients compared the 
ability FDT-PET and CT to detect regional nodal involve-
ment (15). Sensitivity, 52% versus 15% ( P  < 0.005), was 
superior using FDG-PET, while accuracy, 84% versus 

FIGURE 19.1

 Cellular metabolism. Extracellular 2-[ 18 F]fluoro-2-deoxyglucose (FDG) is transported into 
the cell with the aid of glucose transporter proteins. Via the same pathways as glucose, it 
is then phosphorylated to 2-[ 18 F]fluoro-2-deoxyglucose-6-phosphate (FDG-6-phosphate). 
With inadequate amounts of glucose phosphatase within the cell, FDG-6-phosphate is 
prevented from metabolizing further. The highly polar FDG-6-phosphate is then trapped 
within the malignant cell. 
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77%, and specifi city, 94% versus 97%, were similar be-
tween the 2 modalities. In comparing FDG-PET to EUS 
for nodal evaluation, a study of 74 esophageal cancer pa-
tients showed FDG-PET to have 33% sensitivity and 89% 
specifi city compared to 81% sensitivity and 67% speci-
fi city for EUS (16). Meta-analysis of 12 studies evaluat-
ing the ability of FDG-PET to detect regional metastases 
found sensitivity of 51% (95% confi dence interval [CI], 
34%–69%) and specifi city of 84% (95% CI, 76%–91%) 
(17). Limitations of FDG-PET to detect nodal involve-
ment are small nodal size and close proximity to highly 
glucose-avid primary tumors that obscure the imaging 
(18). In these situations, EUS can provide additional use-
ful diagnostic information for detecting regional metas-
tases (16). Falsely positive nodes seen on FDG-PET can 
be secondary to infl ammatory disease like sarcoidosis, 
appearing to represent locally advanced disease (7). Sec-
ondary to limitations of CT, EUS, and FDG-PET, nodal 
sampling and dissection is done during defi nitive surgery 
for both therapeutic and prognostic benefi t (12). 

 Distant Metastatic Evaluation 

 Esophageal carcinoma commonly metastasizes to distant 
organ systems, frequently involving the liver, lungs, and 
nonregional lymph nodes (2). FDG-PET is an attractive 
modality for identifying distant metastases because the 
FDG can accumulate nearly anywhere a metastasis may 
have deposited (Figure 19.2). In a study comparing 
74 patients, FDG-PET was found to have superior ac-
curacy (82% vs. 64%,  P  = 0.004) compared to the com-
bination of CT and EUS for detecting distant metastases 
(16). Among the patients staged with FDG-PET, 15% 
(11/71) were upstaged to metastatic (M1) disease, and 
another 7% (5/71) were downstaged from M1 to locore-
gional (M0) disease. Meta-analysis of FDG-PET in de-
tecting M1 disease revealed a pooled sensitivity of 67% 
(95% CI, 58%–76%) and specifi city of 97% (95% CI, 
90%–100%) (17). Table 19.1 summarizes a number of 
studies evaluating the effi cacy of FDG-PET in the detect-
ing distant metastases.     

 The American College of Surgeons Oncology Group 
completed a prospective multi-institutional study evalu-
ating FDG-PET in detecting metastases that preclude 
defi nitive surgery in esophageal cancer patients deemed 
surgical candidates after routine staging procedures (24). 
Recently published results of 189 evaluable patients in 
this study demonstrated that FDG-PET following stan-
dard clinical staging showed that nearly 5% (9/189) of 
patients harbored previously undetected M1 disease. 
These fi ndings were then confi rmed prior to resection, 
thereby preventing surgery. Thus, FDG-PET was demon-
strated to be a noninvasive method to prevent unnecessary 
esphagectomies (24). Similarly, in a study of 85 patients 
completing neoadjuvant chemoradiation, 8% (7/85) 

 FIGURE 19.2 

Distant metastases. This image demonstrates modest 
FDG-PET uptake in the primary tumor located in the mid-
esophagus. There is also more intense uptake in the bilat-
eral hila and a solitary intense focus of radiotracer uptake 
within the liver.

were diagnosed with interval distant metastases detected 
by postneoadjuvant treatment FDG-PET (25). Typically, 
distant metastases at least 1 cm in size can be detected 
with high sensitivity (7). It is possible to detect lesions 
smaller than this cutoff, provided there is high FDG up-
take by the metastatic cells. Likewise, larger lesions can 
go undetected if there is relatively low glucose metabo-
lism in metastatic cells. False positives, while rare, can 
occur when there is increased uptake caused by infl am-
matory processes or normal healthy tissues. Thus, biopsy 
confi rmation of metastatic lesions detected by FDG-PET 
is recommended before altering patient management. 

 Cost-Effectiveness 

 While FDG-PET appears to offer additional information 
to conventional staging modalities, the question remains 
whether FDG-PET provides suffi cient benefi t compared 
to its added cost. A study by Wallace et al. (26) evaluated 
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the cost and effectiveness of multiple different preopera-
tive staging regimens. Six different combinations of stag-
ing evaluations were done: (a) CT alone, (b) CT and EUS 
with FNA, (c) CT with mediastinoscopy/laparoscopy, 
(d) CT and EUS with FNA and mediastinoscopy/lapa-
roscopy, (e) CT and EUS with FNA and FDG-PET, and 
(f) FDG-PET and EUS with FNA. Using a third-party-
payer perspective, a model was designed evaluating stage 
of disease, life expectancy, cost, and morbidity of the pro-
cedure. After evaluating the 6 combinations, FDG-PET 
and EUS with FNA was found to be a more favorable cost-
effective staging procedure for third-party payers (26). 

 RESTAGING 

 Following Neoadjuvant Treatment 

 A combination of multimodality therapy is often the 
treatment of choice in localized esophageal cancer. In-
deed, a recently published meta-analysis of randomized 
comparisons of both neoadjuvant chemoradiation and 
chemotherapy to surgery alone has confi rmed an abso-
lute 2-year survival benefi t of 7% to 13% in favor of 
multimodality therapy (27). In many cases, multimodal-
ity therapy includes neoadjuvant radiation in combina-
tion with chemotherapy, followed by surgical resection. 
In preparation for surgical resection, neoadjuvant 
chemoradiation is utilized to provide distant disease 
control while acting on the primary tumor and regional 

lymph nodes. In cases where the disease is too advanced 
to allow for complete surgical resection or in patients 
with medical comorbidities, chemoradiation is used as 
defi nitive therapy. Whether following its use as defi nitive 
or neoadjuvant therapy, assessing response to chemora-
diation is important for giving prognostic information 
and guiding further management. In esophageal cancer, 
response to chemoradiation is unpredictable, but lack of 
tumor response to therapy is considered a poor prognos-
tic factor (28). Thus, nonresponders need to be identifi ed 
early in the course of treatment in order to potentially 
alter their planned management and avoid the toxicity of 
unwarranted therapy. Static anatomic imaging modali-
ties like EUS and CT often cannot distinguish between 
residual disease and posttherapy changes, thereby delay-
ing posttherapy assessment (3). Even when anatomical 
imaging reveals response to therapy, there is often little 
or no correlation with pathological fi ndings (29). FDG-
PET is a measure of cellular metabolism and theoreti-
cally should be effective in evaluating cellular response to 
therapy. The accuracy of FDG-PET, EUS, and CT for as-
sessing primary tumor response to neoadjuvant therapy 
was evaluated in a review of the literature (30). In this 
review, accuracy of assessing response was 85%, 86%, 
and 54% for FDG-PET, EUS, and CT, respectively. Both 
FDG-PET ( P  = 0.006) and EUS ( P  = 0.003) were found 
to be signifi cantly more accurate than CT, while 6% of 
patients were not able to undergo EUS secondary due to 
the obstructing nature of the primary tumor (30). 

 TABLE 19.1 
Comparison of CT and FDG-PET in the Detection of Metastatic Disease in Patients with Newly Diagnosed 

Esophageal Carcinoma 

Study
Number of 

patients

% With 
distant 

metastasis

CT FDG-PET

Sensitivity 
(%)

Specifi city 
(%)

Accuracy 
(%)

Sensitivity 
(%)

Specifi city 
(%)

Accuracy 
(%)

Kneist et al. (19) 81 35 63 11 45 38 89 52

Luketich et al. 
(20)

91 43 46 74 63 69 93   84*

Liberale et al. 
(21)

58 22 45 95 80 88* 88 88

Sihvo et al. (22) 55 35 32 97 75 53 89 76

Flamen et al. 
(16)

74 46 41 83 64 74 90   82*

Block et al. (23) 58 29 29 NS NS 100 NS NS

 Abbreviations: % = percent; CT = computed tomography; FDG-PET =  18 F-fluoro-2-deoxyglucose positron-emission tomography; 
NS = not stated. 
    a Denotes statistically signifi cant compared to CT,  P  ≤ 0.05. 
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 Functional imaging, such as FDG-PET (Figure 
19.3), serves as a promising modality for assessing re-
sponse to treatment. However, questions remain re-
garding the optimal timing of the pre- and posttherapy 
scans and in determining what degree of response on 
FDG-PET is signifi cant. In a study of 40 patients with 
tumors of the gastroesophageal junction (GEJ) receiving 
neoadjuvant chemotherapy, FDG-PET was performed 
pretreatment and 2 weeks after the start of neoadjuvant 
therapy (31). The response seen on FDG-PET was then 
compared to either endoscopic response seen several 
months after therapy or with pathologic response at the 
time of surgical excision. A majority of patients with de-
creased avidity by FDG-PET also had a pathologic re-
sponse. Using a 35% reduction in FDG uptake measured 
as of standard uptake value (SUV) as a cutoff, 53% of 
metabolic responders had a complete or near complete 
pathologic response, while only 5% of those without a 
response by FDG-PET responded pathologically. FDG-
PET was found to have a sensitivity and specifi city of 
93% and 95%, respectively, in predicting pathologic re-
sponse to therapy. Pathologic response to neoadjuvant 
chemoradiation has also been studied using pre- and 

posttherapy FDG-PET. Flamen et al. (32) reported that 
FDG-PET performed before and 4 to 6 weeks after the 
completion of chemoradiation can accurately predict 
response to therapy. In this series, FDG-PET was able 
to predict “major pathologic response” with an accu-
racy of 78% and a sensitivity and specifi city of 71% 
and 82%, respectively. Using at least 52% reduction in 
FDG uptake following neoadjuvant chemoradiation as 
a cutoff, a similar study found the sensitivity of FDG-
PET to predict pathologic response to be 100%, with 
a sensitivity of 55% (33). In this case, the posttherapy 
FDG-PET was performed at 3 weeks following comple-
tion of therapy, and the relatively low specifi city was felt 
to be related to infl ammation due to chemoradiation. 
Table 19.2 exhibits several trials that have studied the 
effectiveness of FDG-PET in predicting response to neo-
adjuvant therapy.       

 When used for restaging, FDG-PET has usually 
been employed early after initiation of therapy or later, 
several weeks after completion of therapy. Different 
timing of the follow-up scan can yield different infor-
mation (12). Shortly after the start of therapy, as seen 
in cases of neoadjuvant chemotherapy, FDG-PET can 

 FIGURE 19.3 

FDG-PET response to chemoradiation. The image on the left represents an initial staging 
FDG-PET for a patient with locally advanced adenocarcinoma of the distal esophagus with 
associated lymphadenopathy. The FDG-PET image on the right, obtained approximately 
4 weeks after completion of neoadjuvant chemoradiation, shows near complete metabolic 
resolution of both the primary disease and regional nodal metastases.
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 TABLE 19.2 
FDG-PET Predicting Pathologic Response and Prognosis Following Neoadjuvant Therapy 

for Esophageal Cancer 

Study
Brücher et al. 

(33)
Flamen et al. 

(32)
Wieder et al. 

(34)
Weber et al. 

(31) Ott et al. (35) Port et al. (36)

Number of patients 27 36 27 40 a 65 a 62

Therapy ChemoRT ChemoRT ChemoRT Chemotherapy Chemotherapy Chemotherapy

Timing 3–4 wks 
post-treatment

4–6 wks 
post-treatment

2 wks after 
start

2 wks after 
start

2 wks after 
start

2–3 wks after 
start

SUV reduction 
threshold

52% 80% 30% 35% 35% 50%

Sensitivity 
(response)

100% 71% 93% 93% 80% 77.8%

Specifi city 
(response)

55% 82% 88% 95% 78% 52.9%

Median OS 
(responders)

22.5 mos b 16.3 mos b 38 mos b NR b NR b 35.5 mos b,c

Median OS 
(non-responders)

8.8 mos 6.4 mos 18 mos 13 mos 18 mos 17.9 mos c

Abbreviations: SUV = standard uptake value; chemoRT = chemotherapy concurrently with external beam irradiation; Sensitivity = 
sensitivity of FDG-PET to detect pathologic response; Specificity = specificity of FDG-PET to detect pathologic response; Median OS = 
median overall survival; mos = months; NR = median survival not yet reached.
  a  Study evaluated patients with tumors of the gastroesophageal junction. 
  b  Denotes statistically signifi cant,  P  ≤ 0.05. 
  c  Represents median disease-free survival (overall survival not calculated). 

assess the responsiveness of the tumor to a given ther-
apy and whether treatment should continue as planned. 
In cases of neoadjuvant chemoradiation, the FDG-PET 
is often obtained at least a month after therapy and 
is used to gauge overall response and often to aid in 
prognosis. When setting a threshold value for response 
to treatment, a high response value is used in order to 
have a high sensitivity for detecting nonresponders, 
while a lower cutoff for response evaluation will have 
the effect of increasing sensitivity of detecting response 
(12). While FDG-PET has had some success in assess-
ing disease response, it is not without its shortcomings. 
Many studies have identifi ed that microscopic disease 
often falls below the level of detection by FDG-PET, and 
chemoradiation-induced infl ammation and esophagitis 
often obscure treatment response (12,37,38). In addi-
tion, one particular study found that treatment-related 
esophageal ulceration frequently led to false-positive 
results when assessing for residual tumor (39). These 
posttherapy changes and normal tissue responses limit 
the predictive capability, making the timing of post-
treatment scans important in order to maximize their 
value (3). 

 Prognostic Value 

 Initial FDG-PET imaging appears to hold some prognos-
tic value as well as acting as a staging tool. One study of 
89 patients found that a higher maximum SUV correlated 
with more poorly differentiated tumors and advanced 
tumor stage (40). This association with more aggres-
sive and advanced tumors was found to be predictive of 
survival, with the 4-year survival among patients with a 
maximum SUV > 6.6 of 31%. Conversely, in those pa-
tients with a maximum SUV ≤ 6.6, 4-year survival was 
signifi cantly better (89%,  P  < 0.001). The number of 
metabolic abnormalities detected by FDG-PET may also 
be of prognostic signifi cance. In a report of 47 patients 
treated with neoadjuvant chemoradiation and defi nitive 
surgery, Hong et al. (41) found that patients with >1 le-
sion by FDG-PET had a death hazard ratio (HR) of 4.49 
(reference: 1 lesion). In addition, the number of lesions 
detected by staging FDG-PET was signifi cantly associ-
ated with both OS ( P  = 0.02) and disease-free survival 
(DFS) ( P  = 0.04). 

 Not only can FDG-PET evaluate response to therapy, 
but it appears that this degree of response is predictive of 
prognosis. In a series of 83 esophageal cancer patients 
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receiving neoadjuvant chemoradiation, posttherapy SUV 
≥4 predicted for a signifi cantly worse prognosis, with a 
2-year survival of 33% compared to a 60% 2-year sur-
vival in patients with SUV <4 ( P  = 0.01) (42). A recent 
retrospective review found that following defi nitive 
chemoradiation, posttreatment FDG-PET SUV was sig-
nifi cantly associated with DFS ( P  = 0.01) among the 63 
patients undergoing posttherapy scans (43). In a related 
study, 27 patients with esophageal SCC were treated with 
neoadjuvant chemoradiation and underwent pre- and 
posttreatment FDG-PET in an effort to identify the prog-
nostic value of FDG-PET response (33). Using a 52% 
threshold to represent signifi cant response, responders 
had a mean OS of 22.5 months, while nonresponders had 
a mean OS of 8.8 months. Another study of 36 patients 
found that median survival was signifi cantly improved 
to 16.3 months in therapy responders compared to 6.4 
months among nonresponders ( P  = 0.05) (32). Ott et al. 
(35) prospectively evaluated 65 patients with tumors of 
the GEJ, obtaining one FDG-PET at presentation and a 
follow-up FDG-PET at 2 weeks after induction of che-
motherapy. Using a predetermined cutoff of 35% reduc-
tion in tracer uptake, 3-year OS among responders was 
doubled compared to nonresponders, 70% versus 35% 
( P  = 0.01), respectively (35). Survival among metabolic 
responders compared to nonresponders is summarized in 
Table 19.2 (bottom 2 rows). 

 Recurrent Disease 

 Anatomic diagnostics are often of limited value follow-
ing defi nitive management secondary to inaccuracies in 
evaluating tissue that has been altered by chemotherapy, 
radiation, surgery, or some combination of the 3. Dis-
torted posttreatment anatomy can still be imaged by 
FDG-PET with high sensitivity for detecting both locore-
gional and distant recurrent disease (12). In a study utiliz-
ing FDG-PET for posttreatment restaging for 41 patients, 
27% (11/41) of the patients had additional information 
detected due to the addition of FDG-PET (44). Of these, 
12% (5/41) were diagnosed with recurrent disease after 
negative or equivocal fi ndings with conventional anatomic 
imaging. In addition, another 12% (5/41) with recurrent 
local disease were diagnosed with distant recurrence by 
FDG-PET. In this setting, FDG-PET has the potential to 
detect recurrent disease earlier in its course, allowing for 
earlier and potentially more successful intervention (44). 

 CURRENT AND FUTURE PET APPLICATIONS 

 FDG-PET, Patient Management, 
and Oncologic Drug Development 

 The functional information provided by FDG-PET is 
beginning to impact not only individual patient man-

agement but also therapeutic development for future 
patients with esophageal cancer. FDG-PET has been 
shown to identify therapy response early in the course of 
treatment, distinguishing those patients benefi ting from 
treatment from those for whom treatment is ineffective 
(31). This application of FDG-PET can potentially detect 
suboptimal neoadjuvant therapy that would otherwise 
cost patients their time and health expenses and allow 
for tumor proliferation and unnecessary toxicity (45). In 
the recently published MUNICON phase II clinical trial, 
patient management was dictated by restaging FDG-
PET obtained 2 weeks after the initiation of neoadjuvant 
chemotherapy (45). Metabolic responders (≥35 reduc-
tion in SUV from initial staging FDG-PET) continued 
with neoadjuvant therapy, while nonresponders went 
directly to surgery. As predicted, metabolic responders 
had a signifi cantly better OS and DFS, as this trial dem-
onstrated the possibility of using FDG-PET response to 
guide therapy (45). Alternatively, with information re-
garding response available early in their therapy, those 
patients not responding to standard treatments can initi-
ate salvage therapies sooner. Another option for patients 
not responding to initial chemotherapy would be to con-
sider radiation-based defi nitive management (46). These 
high-risk patients would then be spared the morbidity 
of esophagectomy when surgery would be of unlikely 
benefi t (46). 

 Regarding FDG-PET’s role in therapy development, 
a reduction in tracer uptake has been signifi cantly corre-
lated to DFS, OS, and other end points routinely used in 
studying new cancer drugs (47). Based on this ability to 
detect response early in treatment, FDG-PET can poten-
tially be used in drug development as a tool for predict-
ing clinical benefi t. In the proper setting, FDG-PET can 
be used to expedite the development of new therapies 
by providing information in a more timely manner than 
was possible in the past. Additionally, baseline FDG-
PET can also be used a factor for stratifi cation in future 
randomized trials (41). 

 PET/CT Fusion 

 FDG-PET has been demonstrated to provide useful phys-
iologic information utilized for a variety of purposes in 
oncologic management, but the associated anatomic in-
formation it provides lacks the spatial resolution to be 
of much value (48). A topic of recent investigation has 
been the integration of functional imaging (FDG-PET) 
with anatomic imaging (CT). Utilizing nearly identi-
cal patient positioning and coregistration techniques, 
FDG-PET and CT are combined into a shared diag-
nostic study, with fused PET/CT images (Figure 19.4) 
(38,48). Ideally, this fusion will allow for more accurate 
localization of suspected disease and ultimately improve 
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the accuracy of cancer detection. With improved spatial 
resolution to evaluate scenarios like questionable nodal 
metastases in close proximity to the primary tumor, the 
combination of FDG-PET/CT should be better able to 
determine disease extent compared to FDG-PET alone. 
While PET/CT has been shown to improve initial stag-
ing in non–small cell lung cancer, recent data suggest it is 
benefi cial in esophageal cancer as well (49,50). In a pro-
spective study of 45 patients with SCC of the esophagus, 
FDG-PET/CT was compared to FDG-PET alone for the 
diagnosis of regional lymph node metastases. For FDG-
PET/CT, the sensitivity, specifi city, and accuracy for de-
tecting pathologically involved nodes were 94%, 92%, 
and 92%, respectively compared to 82%, 87%, and 
86% for FDG-PET alone. The superior sensitivity ( P  = 
0.032) and accuracy ( P  = 0.006) for FDG-PET/CT were 
statistically signifi cant (49). FDG-PET/CT is also well 
suited for disease restaging with its ability to simultane-
ously provide characteristics of tumor size and activity 
(7). In addition, FDG-PET/CT has a role in radiation 
planning, where accurate disease localization is crucial, 
by aiding the radiation oncologist in determining both 
local and regional disease extent    . 

 Radiation Treatment Planning 

 FDG-PET provides additional data to the planning CT 
and staging EUS that should assist in designing radia-

tion targets and allows for more conformal radiation 
treatment fi elds (Figure 19.5) (51). In a study of 34 pa-
tients, radiation planning CTs were fused FDG-hybrid 
PET scans, with image coregistration facilitated by the 
placement of fi ducial markers (52). Radiation targets 
were fi rst identifi ed by planning CT and then modifi ed 
by the additional PET information. The addition of PET 
allowed for detection of 2 patients with metastatic dis-
ease, and the gross tumor volume (GTV) was reduced 
in 35% (12/34) patients and increased in another 21% 
(7/34). The modifi cations by PET were considerable 
(≥25% of volume) in 17% (6/34) patients, and over half 
the treatment fi elds were changed to accommodate the 
additional information provided by the PET (52). How 
these changes impact outcome is unknown, but certainly 
accurate target delineation is critical to the success of ra-
diation therapy. Another series of 25 patients compared 
FDG-PET, planning CT, and staging EUS and their abil-
ity to delineate the primary target and regional lymph 
nodes (34). Among this group, the mean length of the 
primary tumor was signifi cantly longer ( P  = 0.0063) 
using the planning CT compared FDG-PET, which had 
mean tumor length similar to EUS, possibly suggesting 
overestimation by planning CT (53). While FDG-PET is 
not the fi nal solution to the problems of radiation tar-
get identifi cation, this study demonstrates that the ad-
ditional information provided can assist with treatment 
planning. Recently, a prospective study of 21 patients 

 FIGURE 19.4 

PET/CT assessing primary and regional nodal disease. Displayed are the primary tumor (left) and metastatic regional lymph 
node (right) as they appear on CT, FDG-PET, and FDG-PET/CT fusion. These images demonstrate the synergy of combining 
anatomic and functional imaging in esophageal cancer staging
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comparing treatment planning CT versus FDG-PET/CT 
found that the clinical stage was altered in 38% (8/21) 
by the addition of FDG-PET/CT, with distant metasta-
ses detected in 4 patients and regional (N1) disease ex-
tension revealed in another 4 patients (54). Among the 
16 patients who ultimately underwent radiation plan-
ning, 69% (11/16) of the GTVs planned by CT alone 
missed FDG-PET avid tumor. Among these cases, 31% 
(5/16) would have resulted in a geographic miss of the 
GTV during treatment, assuming that the avid disease 
on FDG-PET demonstrates active tumor (54). With the 
evolution of PET/CT and other functional/anatomical 
imaging modalities in development, there is going to be 

a continued impact on radiation planning for esopha-
geal cancer.   

 Non-FDG PET 

 FDG-PET has been incorporated into both staging and 
predicting response to treatment, thus beginning to allow 
for individual tailoring of treatment. As a tool for mea-
suring increased metabolic rate, FDG-PET is not specifi c 
for cancer cells and cannot make a distinction between 
malignant cells and highly metabolic normal cell activ-
ity or nonmalignant processes like infection (55). Also, 

 FIGURE 19.5 

 FDG-PET in radiation planning. A staging FDG-PET is fused with a radiation treatment 
planning CT to aid in the delineation of the primary tumor. The isodose lines of the treat-
ment to be delivered are pictured on both the planning CT (right) and the FDG-PET (left) 
to ensure that the tumor is receiving the prescribed radiation dose. 
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its use in treatment response assessment is often limited 
by treatment-related infl ammation overestimating the 
remainder of disease burden (56,57). Spatial constraints 
often make it diffi cult to differentiate between partial 
and complete response to treatment. Moreover, some 
esophageal tumors, primarily adenocarcinomas, do not 
have high metabolic uptake or uptake that is obscured 
by other tumor processes, thus limiting the effectiveness 
of FDG-PET. Fortunately, there are other biologic tar-
gets to assess besides glucose metabolism in the evalua-
tion of malignancies, and many new radiolabeled tracers 
are being developed (55,58). 

 Choline metabolism is one such biologic process 
being investigated. Choline is naturally found in the 
body, and many organ systems utilize its metabolites 
in various reactions (55). In tumors, however, the only 
pathway for choline is incorporation into cell membrane 
phospholipids. Cell membrane production represents 
replication of tumor cells, and a measure of this mem-
brane synthesis is representative of cell replication (55). 
Most commonly,  11 C is utilized to tag methylcholine, 
and because of its rapid acquisition into cells, imaging 
can be done within minutes (59).  11 C does have a short 
half-life; thus,  18 F is currently being investigated as an al-
ternative (60). In those esophageal tumors where there is 
lower glucose metabolism or metabolism is obscured by 
other tumor cell characteristics like mucus production, 
radiolabeled choline has a potential role. 

 Another radiolabeled biologic marker show-
ing promise in esophageal cancer is 3’-deoxy-3’-
[ 1 8F]fl uorothymidine (FLT). FLT-PET is able to measure 
tissue proliferation, as it utilizes intracellular thymidine 
kinase 1 (TK1) for intracellular metabolism (55,56). 
Once metabolized by TK1, it is incorporated into DNA 
synthesis and trapped in the cell (55,56). TK1 expression 

is related to the late G1 and S phases of the cell cycle, 
meaning that it is not readily produced in nondividing 
cells and commonly found in proliferating tumor cells. 
FLT-PET has shown the potential to be of value in evalu-
ating malignant proliferation and assessing treatment 
response for a variety of tumors (56). Recently, FLT-PET 
was compared to FDG-PET for the detection of early 
changes in tumor proliferation after chemoradiation 
in esophageal carcinoma experimental models (61). In 
this study, FLT-PET was found to be more effi cacious 
than FDG-PET in detecting early proliferative changes 
in both human SEG-1 cells and mouse SEG-1 xenografts 
and correlated better with histologic fi ndings (56,61). 
Besides choline metabolism and amino acid/protein 
metabolism, there are many biologic processes that are 
currently under investigation as potential tools for malig-
nant assessment. Oxygen metabolism, gene expression, 
angiogenesis, and apoptosis are all biologic targets that 
may someday play a role in esophageal cancer (55). 

 CONCLUSION 

 The ability of FDG-PET to provide functional imaging 
in esophageal cancer has led to its increasingly frequent 
and varied use. While its role in initial staging is becom-
ing more clearly defi ned, its use in the postneoadjuvant 
setting as a tool to assess response and provide prog-
nostic information continues to develop. In addition, its 
effectiveness as a routine follow-up study after defi nitive 
therapy is promising. Going forward, fusion with ana-
tomical imaging make it an attractive tool for radiation 
planning, while other forms of PET may further eluci-
date other tumor characteristics to allow for continued 
optimization of therapy. 
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  ROLE OF FUNCTIONAL IMAGING IN 
ESOPHAGEAL CANCER 

Despite multimodal treatment for patients with esopha-
geal cancer, this disease carries a poor prognosis, and 
there is a need to improve the outcomes of therapy. One 
component of the efforts to optimize therapy is the use 
of functional esophageal imaging. Unlike anatomic mo-
dalities such as computed tomography or endoscopic 
ultrasound (EUS), the goal of functional imaging is to 
assess tumor activity independently of anatomic changes 
brought on by the tumor. The limitations of anatomic 
imaging techniques become apparent when using them 
to assess the response to chemoradiation. Computed 
tomography and endoscopic ultrasound, for example, 
cannot reliably discriminate between the expected post-
chemoradiation scarring and residual, live tumor (1–5). 
In contrast, functional imaging could facilitate ongo-
ing evaluation of therapeutic effectiveness with serial 
scanning, potentially eliminating the need for surgery 
in complete responders. Additionally, it could improve 
the quality of palliation by stopping chemoradiation in 
those who progress with therapy, improve prognostica-
tion based on tumor response, facilitate the evaluation 
of new therapies, and enhance the quality of clinical tri-
als. Modalities developed for functional imaging include 
dynamic contrast enhanced magnetic resonance imaging 

(DCE-MRI) and positron-emission tomography (PET) 
scanning (see Chapter 22). 

 DYNAMIC CONTRAST ENHANCED MRI 

 DCE-MRI has been studied as a diagnostic tool in sev-
eral types of malignancy (6) and can discriminate be-
tween histologic varieties of malignancy (7). It identifi es 
tumors on the basis of their altered vascular integrity, 
which result from pathologic angiogenesis (8,9). Esoph-
ageal adenocarcinoma exhibits increased expression of 
proangiogenic factors, including basic fi broblast growth 
factor and vascular endothelial growth factor (10,11). 
This form of malignancy is associated with greater vas-
cularization and has a higher microvascular density 
compared with normal esophageal tissue and precancer-
ous lesions (12,13). Microvascular density also differs 
between prechemoradiation and postchemoradiation 
specimens (12). It is thought that these properties form 
the pathologic basis on which DCE-MRI can detect 
esophageal adenocarcinoma and evaluate its response to 
chemoradiation. 

 In DCE-MRI, a bolus of gadolinium chelate is ad-
ministered intravenously as cross-sectional magnetic 
resonance images of the esophagus are rapidly and re-
peatedly acquired. A suffi cient number of images are 
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acquired to capture the rise and decline of the signal in-
tensity in the esophageal tissue. For each spatial point 
included in the scan, a time course of signal intensity is 
generated. This time course appears to follow reproduc-
ible patterns that have the ability to differentiate benign 
from malignant tissue (6–9). Although these differences 
may be assessed qualitatively, pharmacokinetic model-
ing techniques are used to characterize the differences in 
a quantitative fashion. 

 The typical method for analyzing the signal inten-
sity time course relies on the “Tofts” model of phar-
macokinetic analysis (8). This widely used model (also 
called the “standard model”) predicts the time course 
using 7 parameters that describe the exchange of mol-
ecules across membranes as contrast reagent leaves the 
plasma. Under most implementations of this model, a 
curve that best fi ts the observed time course is gener-
ated by varying 2 parameters: a pseudo–fi rst-order rate 
constant for contrast reagent transfer between plasma 
and the interstitial space (K trans ) and the volume fraction 
of the interstitial space (v e ). The signal intensity at the 
aorta is used as the arterial input function. This limited 
model, however, may under- or overestimate the signal 
intensity at various times (Figure 20.1). Nonetheless, the 
parameter K trans  has been used to discriminate between 
benign and malignant tissue. An image map produced 
by plotting K trans  for each anatomic point can identify 
malignant tissue areas of increased K trans  compared with 
the surrounding background—known as “hot spots”—
in the map.   

 Another model, termed the “shutter-speed” model, 
involves a more refi ned pharmokinetic analysis. While 
the Tofts model assumes that the contrast agent is homo-
geneously distributed over the compartments it enters, 
the shutter-speed model takes into account that water 
exchange across the cell membrane is not infi nitely fast 
and introduces an eighth parameter: the mean intracel-
lular water lifetime (τ i ). These kinetics play an impor-
tant role in the interpretation of DCE studies (14–16). 
Theoretical data simulations and experimental animal 
tumor models (17–19) have shown that K trans  and v e  can 
be underestimated by a factor of 2 to 3 if the kinetics of 
water exchange across a cell membrane are neglected. 
The shutter-speed model produces a much closer curve 
fi t to the measured data (Figure 20.1) and may discrimi-
nate between malignant and benign breast disease more 
accurately (20). K trans , v e , and τ i  are evaluated and can be 
mapped pixel by pixel to generate images based on the 
shutter-speed model of DCE-MRI (18). 

 ANATOMIC IMAGING OF THE ESOPHAGUS 
WITH MRI 

 Functional data from DCE-MRI are typically coregis-
tered with anatomic data to facilitate the interpretation 
of the images. The acquisition of anatomic esophageal 
images with MRI poses a number of technical challenges. 
These include the potential for artifacts due to cardiac 
and respiratory motion and distortion of the magnetic 

FIGURE 20.1

Time courses of signal intensity in the region of interest in normal esophageal tissue (A) and in esophageal adenocarcinoma 
(B). Dots denote the measured values, which have been smoothed (by averaging adjacent values) in order to illustrate trends. 
Dashed lines demonstrate the best-fitting curve generated using the standard model. Solid lines demonstrate the best-fitting 
curve generated using the shutter-speed model. Arterial input functions (insets) were measured from regions of interest on the 
aorta. Note the more rapid initial increase in signal intensity in esophageal adenocarcinoma, followed by a gradual decrease, 
suggesting greater vascular permeability in adenocarcinoma (from Chang et al. [22]).
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fl ux lines due to the nearby presence of air-fi lled lungs. 
Furthermore, anatomic planes in the gastroesophageal 
junction are often indistinct on MRI, making it diffi cult 
to distinguish the distal esophagus from the surround-
ing tissues. Early trials of conventional MRI, however, 
showed that esophageal imaging is feasible. In one early 
study, a group demonstrated that interpretable images 
can be acquired with MRI, which was found to have 
60% accuracy in evaluating the depth of invasion of 
esophageal adenocarcinoma (21). A more recent study 
using a 3-Tesla magnet has demonstrated that anatomic 
imaging of the esophagus can readily be performed using 
a half-Fourier single shot turbo spin echo (HASTE) pro-
tocol and that the esophagus could be identifi ed in the 
coronal, sagittal, and axial planes (22) (Figure 20.2). 
Using T 1 -weighted sagittal imaging, the entire esopha-
gus can be scanned in under 2 seconds. The positioning 
of slices for image acquisition can be guided by the use 
of oral contrast agents, which identify the esophageal 
lumen. Although no product has been marketed specifi -
cally for use as an oral contrast agent in T 1 -weighted 
MRI, it has been reported that blueberry juice is a safe, 
inexpensive, and readily available agent that can serve 
this role (23–25) (Figure 20.3) This property is related to 
its signifi cant manganese content, which acts to reduce 
its T 1  value.   

 ROLE OF K TRANS  IN ESOPHAGEAL DCE-MRI 

 DCE-MRI of the esophagus poses a further challenge 
since it is potentially susceptible to artifacts introduced 
by cardiac, pulmonary, and diaphragmatic motion. 
These movements cause the signal intensity at a given 
spatial point to fl uctuate, affecting the pharmacokinetic 
analysis. Nonetheless, DCE-MRI has been performed in 
a small series of patients with esophageal adenocarci-
noma and compared with healthy controls. 

 In DCE-MRI, K trans  is evaluated for each spatial 
point in the scanned region. K trans  is a pseudo–fi rst-order 
rate constant measuring the transfer of contrast reagent 
from the intravascular space to the interstitial space 
within the esophageal tissue. This rate constant car-
ries particular signifi cance since the endothelium within 
tumor blood vessels exhibits altered permeability with 
cancer angiogenesis. This enables both a more rapid 
transfer of contrast reagent into the interstitium and an 
accelerated clearance of the reagent when compared to 
benign tissue (6). 

 Using the shutter-speed model, K trans , v e , and τ i  were 
evaluated in the distal esophagus of study subjects after 
the acquisition of at least 250 time points (22). It was 
demonstrated that K trans  was 5 times greater in adeno-
carcinoma patients than in controls. Hot spots were seen 
in patients with adenocarcinoma, producing a qualita-
tive difference in parametric maps of K trans  (Figure 20.4). 
One patient with esophageal adenocarcinoma under-
went DCE-MRI before and after neoadjuvant chemo-
radiation. Measurements of K trans , v e , and τ i  in these hot 
spots demonstrated a substantial decrease in K trans  after 
chemoradiation, from 2.41 to 0.21/min. According to 
the size of the tumor by EUS (prechemoradiation) and 
the pathologic exam (postchemoradiation), this patient 
developed a partial response to chemoradiation. This 
fi nding suggests that DCE-MRI fi ndings, particularly 
K trans , show promise in gauging the response to chemo-
radiation. These fi ndings demonstrate that this imaging 
technique is feasible and diagnostically informative in 
the detection of esophageal adenocarcinoma. Despite a 
signifi cant amount of esophageal movement, pixel-by-
pixel K trans  maps can be generated, suggesting that signal 
intensity fl uctuations at any given pixel “average out” 
when a suffi cient number of time points are sampled. 
Based on these characteristics, K trans  may prove useful 
for improved characterization of esophageal adenocar-
cinoma beyond currently available methods. K trans  may 
allow for a means of monitoring therapy and gaining 
a more detailed understanding of individual tumor be-
havior, providing what is in essence an in vivo assay of 
endothelial permeability.   

 These studies have shown that DCE-MRI has 
great potential to impact the treatment of esopha-
geal adenocarcinoma by improving the ability to stage 

FIGURE 20.2

Anatomic images of the esophagus in the coronal section, 
taken with the T2-weighted HASTE protocol (from Chang 
et al. [22]).
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FIGURE 20.3

Use of oral contrast agents in esophageal imaging. Coronal (top) and sagittal (bottom) 
images of the esophagus prior to (left) and during ingestion of blueberry juice (right). Ar-
rowheads indicate the location of the esophagus (from Chang et al. [22]).

patients and to gauge therapeutic response to chemo-
radiation. Given these promising results, larger-scale 
studies are needed to evaluate the ability of this im-
aging modality to determine the response to chemora-

diation. Furthermore, this imaging modality may also 
improve prognostication, facilitate the study of new 
therapies for chemoradiation, and enhance the quality 
of clinical trials. 
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FIGURE 20.4

Parametric maps generated from Ktrans values at each pixel, represented using color scales converted to monochromatic images. 
Anatomic images from a patient with esophageal adenocarcinoma are shown (top row). Parametric maps are coregistered and 
superimposed on anatomic images (bottom row). Each column shows a different slice position. Arrowheads indicate the loca-
tion of the esophagus (from Chang et al. [22]).
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taging of any cancer is essential for 
both prognostication and selection 
of the appropriate therapeutic mo-
dality. Imprecise tools and limited 
treatment options have hampered 

esophageal cancer staging. Computed tomography (CT) 
scanning was the mainstay of staging and still remains an 
essential component for initial staging and evaluation for 
distant metastatic disease. Developments of complemen-
tary technologies including endoscopic ultrasound (EUS) 
with fi ne-needle aspiration (FNA) capability, positron-
emission tomography (PET), and minimally invasive sur-
gical staging (both thoracoscopic or laparoscopic) have 
vastly improved the accuracy of staging in this disease. 
This chapter focuses on clinical staging of esophageal 
cancer using CT scan and endoscopic ultrasound. De-
tails concerning specifi cs of PET scan, magnetic reso-
nance imaging (MRI), and molecular markers have been 
covered elsewhere in the text (Chapters 19–20).   

 The American Joint Committee on Cancer has es-
tablished staging by tumor, node and metastasis clas-
sifi cation (1). Survival outcomes are strongly related to 
the depth of tumor invasion with 5-year survival rates 
ranging from 46% (T1) to 7% (T4) (2). For node-
negative disease (N0), the 5-year survival is 40% as 
compared to 17% for N1 disease in patients who are 
candidates for surgical excision. Metastatic disease to 
distant lymph nodes or organs signifi cantly impacts 

long-term survival with 5-year survival data of 5% 
and 3%, respectively. In patients with complete stag-
ing information, the 5-year survival decreases as fol-
lows: stage I (60%), stage II (31%), stage III (20%), 
and stage IV (4%) (3). 

 Precise staging is extremely important in selecting 
patients for either defi nitive medical or surgical therapy 
and for selections of appropriate candidates for pallia-
tive therapy. This is best achieved with a combination 
of tests; no single technology is adequate for complete 
staging of all aspects of this disease. Therefore, tests for 
staging of newly diagnosed esophageal cancer may in-
clude combinations of cross-sectional imaging (CT scan 
or MRI), EUS, PET scanning, and minimally invasive 
surgery. Even after all efforts, metastatic disease may be 
seen in up to 60% of cases at attempted curative surgery, 
and accurate staging continues to be a challenge (4). 

 STAGING OF ESOPHAGEAL CANCER—
COMPUTED TOMOGRAPHY SCANNING 

 Distant metastases are found in up to 50% of patients 
with esophageal cancer at presentation making them in-
operable for cure. The most common sites of metastasis 
include the liver (35% of patients), lungs (20%), bones 
(9%), and adrenals or brain (2%), with the pericardium, 
pleura, soft tissues, stomach, pancreas, or spleen rarely 

 S
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infrequent at roughly 1% each (5). CT scan of the chest 
and abdomen includes most of these sites and is help-
ful to survey for these locations. Since it is inexpensive, 
noninvasive, and readily available, its use as an initial 
staging test is appropriate and effective. 

 Thoracic and abdominal lymph nodes >1 cm in 
diameter can be detected by CT scanning. Periesoph-
ageal lymph nodes are often masked by the primary 
tumor, and because metastatic disease may be present 
in normal-sized lymph nodes, this is a limitation of the 
test. The sensitivity of detecting mediastinal lymph-
adenopathy by CT scanning is 34% to 61% and for 
abdominal lymphadenopathy is 50% to 76% (6). De-
pending on the location of the primary tumor (upper 
third, middle third, or lower third of the esophagus), 
identifi cation of celiac lymphadenopathy may be par-
ticularly important in the treatment algorithm. CT 
scanning is particularly poor for detection of celiac 
lymphadenopathy with a sensitivity of only 8% (7). 

 Given the increasing incidence of adenocarcinoma 
of the lower esophagus in the United States, evaluation 
for hepatic metastases is of paramount importance. CT 
scanning with contrast enhancement has a sensitivity of 
70% to 80% for hepatic lesions >2 cm (8). Subcenti-
meter lesions are often missed and frequently are the 
cause of false-negative studies. In a study using mini-
mally invasive surgical staging as a gold standard, the 
sensitivity for PET scans for the detection of distant 
metastases was 69% as compared to 46% for CT. In 
the same study, PET scans detected 23 of 33 metastatic 
liver lesions, and all the missed lesions were <1 cm in 
diameter (9). 

 Since CT scanning cannot delineate the individual 
wall layers of the esophagus, its utility for local tumor 
(T) staging is very limited. T4 stage disease may be ex-
cluded if the fat pad between the esophagus and the 
adjacent structure is preserved, although EUS is su-
perior to CT for this assessment (10). CT criteria for 
aortic involvement by tumor have been studied, and a 
sensitivity as high as 100% and a specifi city of 86% 
have been reported (11). Specifi c criteria for involve-
ment of the tracheobronchial tree have been described. 
However, there is signifi cant interobserver variability 
despite these defi ned criteria. A study of 35 patients re-
ported good agreement for extension of the tumor to 
the tracheobronchial tree, pericardium, and liver, but 
poor agreement among 3 radiologists for detection of 
involvement of the aorta, pulmonary vessels, vertebrae, 
or stomach (12). 

 In summary, CT scanning is an important tool for 
the initial staging of esophageal carcinoma and is able 
to detect distant metastases with an accuracy of 60% to 
90%. However, it is limited in its ability to discern lo-
cally advanced (T4) disease and disease in subcentimeter 
lymph nodes. 

 STAGING OF ESOPHAGEAL CANCER—
ENDOSCOPIC ULTRASOUND 

 By combining endoscopy and high-frequency ultrasound, 
EUS allows accurate staging of local tumor by studying 
the wall layers of the esophagus. EUS has become an es-
tablished tool in the evaluation of esophageal tumors. In 
addition, periesophageal, perigastric, and celiac lymph 
nodes can be assessed adequately, and with the advent of 
curvilinear echoendoscopes, FNA biopsy of both these 
nodes and accessible liver lesions is possible. 

 EUS imaging of the 5-layer esophageal wall is gen-
erally performed at frequencies of 7.5 and 12 MHz. 
The earliest stage is Tis (in situ), where the cancer is 
present in the epithelium without invading the lamina 
propria. This is detected by mucosal biopsies and can-
not be imaged by EUS. If the cancer traverses the lamina 
propria, the staging is T1 and is further subclassifi ed 
into T1m (confi ned to mucosa) and T1sm (submucosal 
invasion). T1m lesions rarely metastasize to regional 
lymph nodes, while T1sm lesions have a 15% to 30% 
rate of regional metastasis, and as such, EUS helps in 
the selection of appropriate therapy (endoscopic muco-
sal resection for T1m and surgery for T1sm cancers) for 
these lesions. The tumor is T2 if there is invasion of the 
muscularis propria and T3 if it progresses further to the 
adventitia. Involvement of regional structures (aorta, 
pleura, azygous vein, or other surrounding structures) 
is staged as T4 disease (13). The accuracy of EUS for 
preoperative T-staging ranges from 75% to 85% and 
is both operator and stage dependent. Accuracy for T3 
and T4 disease is the highest at 89%, but 6% of T3 tu-
mors and 11% of T4 tumors as pathologically proven 
are overstaged by EUS. Accuracy for T1 disease is 86% 
with 16% of tumors overstaged, and for T2 tumors it is 
73% with 10% being understaged and 17% overstaged 
(14,15). 

 EUS is also useful for N staging of esophageal can-
cer. Periesophageal, perigastric, mediastinal, and celiac 
lymph nodes can be examined for features of malignancy 
that include size >1 cm, round, sharp and distinct bor-
ders, and diffuse hypoechogenicity (Figure 21.1). The 
sensitivity, specifi city, positive predictive value (PPV), 
and negative predictive value (NPV) of EUS for N status 
in one review were 89%, 75%, 86%, and 79%, respec-
tively, with an accuracy of 84%. If all 4 of the malignant 
features were present, the accuracy was reported to ap-
proach 100% (16). Malignant celiac lymphadenopathy 
(CLN) is an important predictor of survival in esophageal 
cancer, especially in patients without advanced T-stage 
or locoregional lymphadenopathy (17). The sensitivity 
of EUS for detection of malignant CLN was 77% with 
a specifi city of 85%, PPV of 89%, and NPV 71% with 
an overall accuracy of 81% in a large study. All celiac 
nodes >1 cm were malignant in this study.   
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 FNA of lymph nodes increases the accuracy (both 
sensitivity and specifi city) even further. In the patients 
who underwent EUS-guided FNA biopsy of the malig-
nant-appearing celiac lymph nodes, the sensitivity, spec-
ifi city, PPV, and NPV improved to 98%, 100%, 100%, 
and 83%, respectively (18). EUS-FNA also allows ex-
amination and sampling of celiac nodes after neoadju-
vant therapy, and patients with persistent disease in the 
nodes have a worse prognosis than those with eradicated 
disease (19). 

 EUS prediction of survival is helpful in the determi-
nation of therapeutic options for patients. The presence 
of metastatic disease to the locoregional lymph nodes 
is a major driver of early death, regardless of histology 
and T stage of the primary lesion. In a large retrospec-
tive study of 203 patients over 66 months, T stage, N 
stage, and presence of malignant celiac lymphadenopa-
thy were signifi cant predictors of survival in univariate 
analysis (17). When multivariate analysis was applied, 
only the N stage was statistically signifi cant in predicting 
survival. In addition, comparison of different T stages 
among patients with either N stage of 0 found no sta-
tistical difference in survival, and the same results were 
noted in patients with N stage of 1. 

 In the United States, most patients present at an ad-
vanced stage once symptoms of dysphagia have devel-
oped. In up to a third of the patients, luminal stenosis is 
severe enough to prevent the passage of a 13 mm echo-
endoscope without dilation (19). Staging with EUS from 
positions proximal to the stricture has demonstrated 

 decreased accuracy and an inability to access the celiac 
axis. Therefore, dilation of the malignant stricture may be 
required for complete examination of the tumor for stag-
ing purposes. While esophageal perforation was a con-
cern with this technique initially, with perforation rates 
of up to 24% (20), several studies have since reported 
esophageal dilation to be safe and increased the rate of 
detection of celiac axis involvement in selected patients in 
whom therapy would be altered (21,22). Dilation to 14 
or 15 mm is usually needed to pass the echoendoscopes, 
and if this is not possible, smaller-caliber, wire-guided 
echoendoscopes can be passed through the stenosis to 
complete the endosonographic examination. Even with 
these “miniprobes,” the celiac axis is not detected in up 
to 10% of the cases because of retained gastric air or 
high-grade stenosis from the tumor. A major limitation 
of these probes, however, is the inability to perform FNA 
of lymph nodes (23,24). 

 EUS has consistently been shown to be more ac-
curate than CT or MRI for staging of esophageal can-
cer (11,25,26). The main advantage of EUS in staging is 
demonstrating locoregional disease, and it is uniquely 
suited to determine the T stage (27). CT and PET are 
able to identify the primary tumor in the majority of the 
cases, but are not able to examine the wall layers of the 
esophagus, as does EUS (28). This is especially useful 
in early T-stage disease, where EUS can help determine 
the feasibility of endoscopic therapy and presence of T3 
disease. In addition, EUS examination can predict long-
term survival of patients with esophageal cancer well 
when stratifi ed by T stage, N stage, and presence of ce-
liac axis lymphadenopathy (17). A major limitation of 
EUS is the inability to detect distant metastatic disease 
(liver and lung), and as such, it cannot generally suffi ce 
as a single test in the evaluation of this disease. 

 STAGING OF ESOPHAGEAL CANCER—
POSITRON-EMISSION TOMOGRAPHY 

 PET scanning utilizes imaging to identify areas with in-
creased metabolism as demonstrated by  18 F-fl uorodeoxy-
glucose (FDG) uptake by metabolically active lesions 
including active tumor foci. FDG accumulates in the 
majority of esophageal tumors. FDG-PET has no effec-
tive role in T staging, as it does not image the different 
wall layers of the esophagus. For locoregional disease, 
its performance is moderate, with sensitivity, specifi city, 
and accuracy of 45%, 100%, and 48%, respectively, in 
one pilot study (29). In a recent study of 56 patients, PET 
identifi ed locoregional lymph nodes separate from the 
primary tumor in 37.5% of the cases only, while EUS and 
CT scan identifi ed 58.9% and 26.8% of lymph nodes, re-
spectively (28). EUS is also superior to PET for detection 
of celiac axis nodes (30). PET was more sensitive than CT 

FIGURE 21.1

Endoscopic ultrasound demonstration of a typical malignant 
celiac axis lymph node, biopsy proven by endoscopic ultra-
sound fine-needle aspiration.
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in another study comparing them for nodal metastatic 
disease. The sensitivity, specifi city, and accuracy for PET 
were 51.9%, 94.2%, and 84% as compared to 14.8%, 
96.7%, and 76.6% for CT scanning (31). The major 
advantage of PET over CT appears to be the ability to 
detect distant metastatic disease, thereby potentially in-
fl uencing the decision to avoid surgery. A study of 100 
patients with 70 cases of distant metastasis, as confi rmed 
by minimally invasive surgery, compared PET with CT. 
PET scanning was able to detect 51 of 70 cases and had 
sensitivity, specifi city, and accuracy of 69%, 93.4%, and 
84%, respectively, while CT was only 46.1% sensitive 
and 73% specifi c with an accuracy of 63%. All lesions 
missed by PET scans were <1 cm in size (9). The avail-
ability and cost of PET scans remain a limiting factor. 

 STAGING OF ESOPHAGEAL 
CANCER—CONCLUSION 

 Most patients in the United States present at an ad-
vanced stage and the typical EUS stage and clinical stage 

is T3N1 (Figure 21.2). There is evidence to suggest 
that if locoregional lymph node involvement is identi-
fi ed, the T stage may not infl uence survival. As such, 
accurate staging of esophageal cancer is challenging and 
requires a multimodality approach. A study compared 
the health care costs with effectiveness of various stag-
ing options using CT, EUS/FNA, PET scans, and sur-
gical staging (32). CT followed by EUS/FNA was the 
most inexpensive strategy. PET followed by EUS/FNA 
was slightly more effective, but also more expensive. We 
recommend performing a CT scan as an initial screen-
ing test to determine resectability and to document the 
absence of distant metastatic disease, followed by EUS/
FNA for tumor and lymph node staging. If patients are 
subsequently considered surgical candidates, PET scan-
ning or surgical staging may be performed, but at an 
overall increased cost (Figure 21.3).         

FIGURE 21.2

Endoscopic ultrasound demonstration of a typical T3N1 
esophageal carcinoma.

FIGURE 21.3

Proposed algorithm for clinical staging of esophageal cancer.
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denocarcinoma of the esophagus 
has the fastest-rising incidence of 
any cancer in the United States 
and develops as a consequence of 
chronic gastroesophageal refl ux 

disease (1). Barrett’s esophagus is the precursor lesion 
from which adenocarcinoma develops, and surveillance 
programs have led to the detection of high-grade dys-
plasia and early-stage adenocarcinoma in an increasing 
number of patients. Both high-grade dysplasia and in-
tramucosal adenocarcinoma, while potentially lethal, are 
curable lesions in most patients (2–4). However, cure is 
dependent on complete removal of the neoplastic tissue. 
Until recently, this was reliably accomplished only with 
esophagectomy, but new technologies have been devel-
oped that allow esophageal preservation in appropriate 
patients. The aim of this chapter is to explore the role of 
endoscopic mucosal resection (EMR) for the staging and 
therapy of early esophageal malignancy. 

 The diagnosis of Barrett’s is made with endoscopy 
and biopsy, and the endoscopy provides critical informa-
tion to guide the subsequent evaluation and treatment of 
the patient. The columnar mucosa in patients with Bar-
rett’s must be carefully examined for any ulcers, nodules, 
or abnormalities since these may represent a focus of can-
cer. It has been shown that despite extensive preresection 
biopsies, 30% to 50% of patients thought only to have 
high-grade dysplasia will in fact have an invasive cancer 

in the resected specimen (5,6). In the absence of a visible 
ulcer or nodule on endoscopy, these occult adenocarci-
nomas have always been limited to the mucosa, in our 
experience (5). In contrast, if a lesion of any sort is seen 
endoscopically within the columnar-lined portion of the 
esophagus, that lesion is at high risk to be a cancer. Fur-
ther, any malignant, visible lesion cannot be assumed to 
be limited to the mucosa, regardless of the size or appear-
ance of the lesion. Even very small cancers may penetrate 
into the submucosa; thus, the endoscopic appearance of 
the lesion cannot be used to determine the T stage. 

 STAGING EARLY ESOPHAGEAL
 CANCER 

 Local/regional staging of esophageal adenocarcinoma 
is best done with endoscopic ultrasound. Standard 7.5- 
and 12-MHz endoscopic ultrasound probes can accu-
rately assess the depth of invasion once the tumor has 
gone through the submucosa and also provide informa-
tion on the presence of abnormal or enlarged lymph 
nodes. However, neither the standard probes nor newer 
high-resolution 20-MHz probes are able to accurately 
distinguish intramucosal from submucosal tumor inva-
sion (7). Currently the only method able to accurately 
determine the depth of invasion of a small visible lesion 
is endoscopic mucosal resection. 

 A
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 EMR excises a disc of esophageal (or stomach) wall 
down to the muscularis propria and provides a specimen 
for histologic review that includes both mucosa and sub-
mucosa. By performing an esophagectomy after EMR, 
we and others have demonstrated that an EMR specimen 
allows accurate pathologic staging of the depth of tumor 
invasion (8,9). Further, a recent study has suggested that 
EMR, by providing a larger sample, also improves di-
agnostic accuracy in Barrett’s and reduces interobserver 
disagreement (10). Although several techniques have 
been proposed for EMR, one popular method involves 
the use of a cap that fi ts over the end of a standard en-
doscope. Developed by Dr. Inoue from Japan, these caps 
are available in various sizes and confi gurations (fl at vs. 
angled) and come with a complete kit for the procedure 
by Olympus® (11). Using the large cap for EMR lesions 
up to 1.5 cm in size can be excised in 1 piece. Piecemeal 
excision of a lesion is acceptable but raises the potential 
for incomplete resection and makes pathologic evalua-
tion of the resection margins impractical. EMR can be 
performed with conscious sedation, but I prefer to have 
the patient intubated in the operating room to minimize 
the chance of aspiration. The procedure is quick, and 
patients are typically discharged home a few hours later. 
In order to accurately determine margins, I have found it 
best to personally orient the specimen for the pathologist 
and have it pinned and fi xed for permanent rather than 
frozen section. Experience at our center and elsewhere 
has demonstrated that patients with negative margins on 
the EMR specimen reliably have had complete resection 
of the tumor [s8,9]). However, tumor at the cauterized 
margin of the specimen indicates the potential for re-
sidual tumor in the esophagus, and if surgical resection 
is  not  planned, then repeat EMR or other ablative tech-
nique is warranted in these patients. If the EMR is done 
for staging and a surgical resection is planned, then the 
EMR resection margins are not important, and as long 
as an adequate portion of the tumor has been excised 
to allow assessment of the depth of invasion, no further 
efforts at excision are necessary. 

 INTRAMUCOSAL VERSUS SUBMUCOSAL 
TUMOR INVASION 

 The distinction between tumor invasion that is limited 
to the mucosa versus deeper invasion into the submu-
cosa is critical because the likelihood of lymph node 
metastases changes signifi cantly once a tumor enters 
the submucosa (12). While lymph node metastases are 
uncommon (2%–4%) in patients with an intramucosal 
cancer, 30% to 50% of patients with invasion into the 
submucosa will have at least one lymph node metasta-
sis (9,12,13). Therefore, a therapy that does not include 
a lymphadenectomy is not appropriate in patients with 

tumors invading into the submucosa. Conversely, the 
low incidence of nodal disease with an intramucosal 
tumor obviates the need for a lymphadenectomy as part 
of the treatment strategy for these lesions. We recently 
confi rmed this by comparing the survival in a group of 
85 patients with intramucosal adenocarcinoma treated 
with a vagal-sparing esophagectomy versus either a 
transhiatal or en bloc resection (14). We found that 
cancer-specifi c survival was excellent in these patients 
(95% at 5 years) and was independent of the extent of 
nodal dissection. Consequently, a lymphadenectomy is 
not necessary in patients with tumors confi ned to the 
mucosa. 

 The distinction between an intramucosal and a sub-
mucosal tumor is critical if endoscopic therapy is planned 
for the patient or if a procedure like a vagal-sparing 
esophagectomy is being considered since no lymph nodes 
are removed with this procedure. Traditional forms of 
esophagectomy, including transhiatal, transthoracic, or 
minimally invasive thoracoscopic/laparoscopic proce-
dures, all include a lymphadenectomy, and thus the dis-
tinction between intramucosal and submucosal lesions 
is less critical. While some investigators have suggested 
that superfi cial submucosal invasion may be associated 
with a low enough incidence of nodal metastases that en-
doscopic therapy could be an option for these patients, 
in our experience there was not a signifi cant difference 
in the risk of nodal disease between superfi cial and deep 
submucosal invasion (University of Southern California 
data, publication pending). Therefore, in my opinion, all 
tumors that invade into the submucosa are best treated 
with esophagectomy and lymphadenectomy, provided 
that the patient will tolerate the procedure. 

 EMR AS PRIMARY THERAPY FOR
 ESOPHAGEAL ADENOCARCINOMA 

 In our initial experience with EMR, all patients had an 
esophagectomy after the visible lesion was excised by 
EMR. Further, in addition to the endoscopy at the time 
of the EMR, all patients had multiple endoscopies and 
biopsies prior to the esophagectomy, and yet on fi nal pa-
thology, 2 of 7 patients (29%) had an additional (unde-
tected) cancer in the resected specimen (8). The potential 
for multifocal disease is concerning when considering 
endoscopic therapy to treat early esophageal cancer in 
patients with long-segment Barrett’s. In addition, the 
potential for metachronous tumor development in the 
residual Barrett’s is of concern. Both of these concerns 
were highlighted in a recent report by Ell and colleagues 
describing EMR as sole therapy for intramucosal ad-
enocarcinoma (15). This report focuses on 100 highly 
selected and carefully screened patients that had a well-
differentiated intramucosal tumor without evidence of 



lymphovascular invasion. The survival with EMR alone 
was excellent (98% at 5 years) in these patients, but de-
spite relatively short-term follow-up, there was a high 
rate (11%) of metachronous tumor development. The 
majority of patients in this series had short-segment Bar-
rett’s, and undoubtedly the rate of metachronous tumor 
development will increase with longer follow-up, and it 
would also almost certainly be higher if more patients 
with long-segment Barrett’s esophagus were part of the 
study. Thus, patients with Barrett’s and one focus of 
adenocarcinoma are at high risk for a synchronous or 
metachronous tumor. 

 In an effort to reduce this risk, Wang and colleagues 
have combined EMR with photodynamic therapy to ab-
late the residual Barrett’s. They reported that no new or 
recurrent cancers developed in 16 patients during a me-
dian follow-up of 13 months, although residual Barrett’s 
was present in 47% of the patients (16). The promising 
combination of EMR for a visible lesion in the esopha-
gus with ablation of residual Barrett’s, along with con-
cerns regarding the morbidity and mortality associated 
with esophagectomy have prompted a change in the 
approach to patients with early esophageal lesions at a 
number of centers. However, before widespread accep-
tance of this approach, there are several important issues 
to consider. First, in the report by Ell and colleagues, 
only intramucosal tumors with very favorable histologic 
features were treated endoscopically, and extension of 
the criteria to include less favorable tumors (moderate 
or poor differentiation, lymphovascular invasion) may 
not produce similar results (15). Second, while Ell and 
colleagues used the traditional 5-year cancer survival 
mark to evaluate the success of endoscopic therapy, they 
are ignoring the reality that many of these patients have 
a lot of years ahead of them, and cure from one or even 
several Barrett’s cancers may not be the end of the story. 
Barrett’s esophagus develops as a consequence of gastro-
esophageal refl ux, and elimination of Barrett’s without 
concomitant elimination of the refl ux in these patients 
may be similar to pulling weeds out of a garden and 
expecting them never to grow again. Third, following 
the endoscopic resection, Ell and colleagues treated pa-
tients with pH-guided proton pump inhibitor therapy, 
but the effi cacy of this for prevention of Barrett’s recur-
rence is unproven. Not surprisingly, many of these pa-
tients required large doses of proton pump inhibitors to 
be adequately acid suppressed. This speaks to the sever-
ity of refl ux disease in these patients, and, as impedance 
studies have demonstrated, adequate acid suppression 
does not equate to elimination of alkaline or weak acid 
refl ux events (17,18). One has to suspect that lifelong 
maintenance of this degree of intensive medical therapy 
is unlikely in the majority of patients. Instead, antirefl ux 
surgery may be a more effective therapy and needs to be 
evaluated in this setting. 

 A fi nal important issue is long-term quality of life 
in patients treated for high-grade dysplasia or intramu-
cosal adenocarcinoma, since they are likely to be cured 
of their disease. Quality of life in patients with Barrett’s 
is variable, but many have severe refl ux disease with the 
accompanying problems of regurgitation, nocturnal as-
piration, and dysphagia. Physicians and patients some-
times assume incorrectly that any esophageal preserving 
therapy is going to be better than the alternative therapy 
of an esophagectomy. However, I believe that this is a 
fl awed concept, and avoidance of an esophagectomy 
at all cost is unfounded. The often quoted mortality of 
5% to 15% for an esophagectomy is not supported by 
current series in patients with high-grade dysplasia or 
intramucosal adenocarcinoma, where mortality rates of 
1% are expected (14,19,20). Esophagectomy has been 
the standard of care for both high-grade dysplasia and 
early adenocarcinoma, and the excellent results with this 
approach should not be quickly dismissed. 

 I propose that in light of the recent advances in en-
doscopic procedures that allow esophageal preservation 
and the new, less invasive, and potentially less morbid 
surgical techniques to remove the esophagus, it is time 
that we alter our approach to the evaluation of patients 
with high-grade dysplasia and early esophageal adeno-
carcinoma. In addition to determining the stage of the 
cancer and assessing the overall health of the patient, we 
should also evaluate the pathophysiologic abnormalities 
associated with the patient’s refl ux disease. In particular, 
an assessment should be made of the function of the 
stomach, lower esophageal sphincter, and esophageal 
body as well as the size of the hiatal hernia, length of 
Barrett’s, and presence and severity of refl ux symptoms. 
Esophageal preservation might be the preferred therapy 
in a patient with few symptoms, a small hiatal hernia, 
normal esophageal body function, and a short segment 
of Barrett’s with a low-risk intramucosal carcinoma. In 
contrast, patients who are poor candidates for esoph-
ageal preservation are those who present with high-
grade dysplasia or an intramucosal adenocarcinoma 
and have severe refl ux symptoms or dysphagia; long-
segment Barrett’s with a large, fi xed hiatal hernia; and 
poor esophageal body motility. These patients are best 
treated with a vagal-sparing esophagectomy since, in my 
opinion, esophageal preservation makes sense only if 
the esophagus is worth preserving, based on physiologic 
evaluation. Further, the long-term effi cacy of EMR and 
Barrett’s ablation in the setting of severe refl ux patho-
physiology is unproven, and over time recurrence of 
Barrett’s seems likely to occur in these patients. Vagal-
sparing esophagectomy is also indicated for patients 
with multiple lesions within long-segment Barrett’s or 
lesions with positive lateral margins after endoscopic 
mucosal resection. Thus, the decision to treat high-
grade dysplasia or intramucosal cancer endoscopically 
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or with an esophagectomy takes into consideration not 
just the stage of the lesion, but also the pathophysiology 
of the esophagus and the severity of the underlying re-
fl ux disease. In this way, outcomes can be optimized for 
not only the dysplasia or cancer, but also the patients’ 
refl ux disease and long-term quality of life. 

 In conclusion, advances in both the surgical and 
the endoscopic therapies for Barrett’s high-grade dys-
plasia and intramucosal adenocarcinoma offer options 
for these patients that were unavailable even just a few 
years ago. To advocate one therapy as always being the 
best is to take a step backward in an age of increasing 
individualization of therapy. Rather than a one-size-
fi ts-all approach, our understanding of tumor biology 
and esophageal physiology in conjunction with patient 

preference, should be used to determine the best ther-
apy for an individual patient: preserving the esophagus 
in those where it makes sense, and removing the esoph-
agus when necessary to adequately address not only the 
cancer but also the background pathophysiology that 
precipitated the development of the malignancy. This 
approach will require a balanced and updated under-
standing of the advantages and disadvantages of both 
endoscopic and surgical therapies by the surgeons and 
gastroenterologist who treat these patients. Undoubt-
edly, future studies that assess quality of life and free-
dom from recurrent Barrett’s and cancer will help guide 
the selection of therapy for an individual patient who 
presents with high-grade dysplasia or intramucosal ad-
enocarcinoma of the esophagus.  
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  23    Esophageal Cancer 
Staging—Surgical 
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reat progress in technology and 
skills in the management of esopha-
geal cancer was not accompanied 
with the higher 5-year survival rate 
of esophageal cancer, which in pa-

tients amenable to surgery still ranges from 5% to 20%. 
One of the major reasons for the unsatisfactory progno-
sis of esophageal cancer is the lack of precise preoperative 
staging, which is the premise for appropriate treatment 
modalities. Correct staging is critical as stages I, IIA, IIB, 
and, depending on the surgeon, stage III are treated with 
surgery as well as chemotherapy and radiation therapy. 
Stage IV is nonsurgical. Chemotherapy and radiation 
treatment is generally given for palliation. If there is only 
local disease without nodal involvement, the prognosis 
increases to 40%. Unfortunately, 50% of patients are 
unresectable at presentation. For these patients, surgery 
does not increase the overall 5-year survival, and the risk 
of mortality from surgery may be 5% to 10%. 

 NONINVASIVE STAGING TECHNIQUES 

 Accurate tumor-node metastases (TNM) staging plays 
a pivotal role in cancer management and research. The 
purpose of cancer staging is to predict survival on the 
basis of anatomic extent and to direct stage-specifi c 
therapy. In 1988, a revised TNM classifi cation was used 

to closely correlate stage and disease prognosis. How-
ever, the TNM staging system for esophageal cancer is 
frequently viewed with discontent by thoracic surgeons. 
The depth of wall penetration and lymph node metas-
tases were shown to be better prognostic indicators (1), 
and in 2002, the American Joint Committee on Can-
cer (AJCC) revised the staging system to include these 
prognostic variables (2). Even thus, this TNM staging 
system still seems inadequate. Stage grouping within the 
constraints of AJCC defi nitions produces less accurate 
prognosis than free assignment based on survival data 
(3). No distinction is made in the AJCC classifi cation 
between the pathologic stage (the gold standard) and 
the clinical stage. Attempting to stage esophageal cancer 
using clinical tests with an accuracy rate approaching 
the pathology standard has proven to be a diffi cult and 
expensive enterprise. The usual clinical tools of physi-
cal examination, blood tests, and chest X-rays remain 
important but are of limited value. 

 As imaging methods have continued to improve, 
clinical staging has become increasingly effective, but 
often falls short of pathologic perfection. Computed 
tomography (CT) of the chest and abdomen is the fi rst 
test for staging esophageal cancer. Magnetic resonance 
imaging (MRI), in most cases, seems to add little if 
anything to the staging information can be obtained 
using CT. Furthermore, CT is widely available, and CT 
body imaging has been the best test for the detection 
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of distant metastatic disease (M1, stage IV). If a CT 
scan is negative for distant metastases (M0), then endo-
scopic ultrasound (EUS) is often used as the next step 
for accurate locoregional staging. EUS uses endoscopy-
guided high-frequency ultrasound transducers inside 
the esophageal lumen to produce detailed images of the 
esophageal wall and structures close to the esophagus. 
The great advantage of EUS for staging is that EUS is 
useful in the accurate assessment of the depth of mural 
infi ltration and the detection of metastatic involvement 
of the regional nodes (4). Primary esophageal cancer is 
usually imaged as a hypoechoic disruption of the wall 
layers. The EUS images are highly compatible with the 
AJCC classifi cation for T, depth of esophageal cancer 
invasion. Additionally, EUS-guided fi ne-needle aspira-
tion (FNA) for cytology can be carried out with rela-
tive ease and has accuracy in the 90% range, and this 
procedure should also be a consideration when tissue 
confi rmation is needed (5). 

 There are some drawbacks in these imaging tech-
niques. Even the new, faster scanners and helical CT do 
not image the esophageal wall as a series of layers. It has 
become clear that staging the depth of tumor invasion 
on the basis of wall thickness and contour is open to fre-
quent error. CT alone has an accuracy of 50% to 60% 
for staging esophageal cancer. It is best for hepatic and 
adrenal metastases and less sensitive for locoregional 
lymph nodes. Lymph nodes greater than 8 to 10 mm 
in diameter on CT are generally considered to be meta-
static. Similar measurements have been used to assess 
lymph nodes on EUS, but additional EUS criteria for 
malignancy are nodes that are uniformly hypoechoic, 
sharply demarcated from surrounding fat, and rounded. 
Benign nodes, particularly in the mediastinum, may be 
greater than 10 mm but are often elongated with distinct 
cortical and medullary areas and are more hyperechoic 
with less distinct borders. These are subjective criteria 
and prone to greater diagnostic error than the depth of 
tumor invasion. Based on sizable accumulated data, the 
overall accuracy rate of EUS for T staging of esopha-
geal cancer is only 84% according to collected data from 
21 studies recently reported (6). Accuracy rate for T1 is 
80.5%, for T2 76%, for T3 92%, and for T4 86%. The 
overall accuracy rate of the N staging is 77%, with 69% 
for N0 and 89% for N1 (7). With the aid of EUS-guided 
FNA, the result of N staging is signifi cantly improved, 
up to 87% (8). 

 Like EUS, endoscopic magnetic resonance imaging 
offers the advantages of optical visualization combined 
with cross-sectional imaging and appears to be a safe 
technique comparable to EUS as well as with pathologic 
staging in esophageal cancer but with a tendency to 
overstage the disease (9). 

 Positron-emission tomography (PET) using the ra-
diolabeled glucose analog 18-F-fl uoro-deoxy-D-glucose 

(FDG) for esophageal cancer staging is a noninvasive 
method that improves detection of distant metastases 
and regional nodal metastases. Flamen et al. (10) pre-
sented convincing data that PET signifi cantly improves 
the detection of distant lymph node and organ metastases 
(stage IV). PET is superior to CT and EUS combined in 
diagnosing stage IV disease. In the study by Flamen, PET 
was more accurate: 82% versus 64%n for CT and EUS 
combined in staging esophageal cancer. Eighteen out of 
74 patients had discordant fi ndings between PET versus 
CT and EUS. PET was correct in 16 out of 18 patients 
based on surgical fi ndings. It upstaged 11 patients and 
downstaged 5 patients. In 3 other studies, PET demon-
strated distant metastasis not seen on conventional imag-
ing in (21/105 points). However, current PET scans can 
produce false-negative and positive results, and biopsy, 
cytology, or at least radiologic confi rmation of positive 
areas on PET scans should be obtained, if possible. 

 The problem for all imaging modalities is detecting 
very small foci of cancer in lymph nodes or other distant 
sites and in differentiating enlarged lymph nodes that are 
reactive or infl ammatory from those replaced by meta-
static disease. In addition, CT, MRI, PET, and EUS are 
still inaccurate in evaluating local surgical resectability. 

 At the present time, there is no biochemical test or 
molecular marker that has proven equal to the tumor-
node-metastasis description of the anatomical extent of 
disease for esophageal cancer staging. 

 THORACOSCOPIC AND LAPAROSCOPIC 
STAGING 

 In order to improve accuracy of pretherapeutic tumor 
staging, thoracoscopy and laparoscopy have been used 
in esophageal cancer staging at some surgical centers 
(11–13). These studies proved that minimally invasive 
surgical staging is a promising adjunct to esophageal 
cancer staging. The thoracoscopic (Ts) and laparoscopic 
staging (Ls) provide more accurate information for eval-
uating local invasion, lymph node, and distant metas-
tasis. Thoracoscopy can allocate patients with stage IV 
for neoadjuvant therapy and help avoid an unnecessary 
thoracotomy in patients found to have gross spread of 
locoregional disease. 

 From the histologic and pathologic standpoint, 
freely anastomosing networks of esophageal lymphatic 
drainage facilitate lengthwise tumor dissemination. It 
has been thought that the upper third drains into cer-
vical nodes, the middle third to paraesophageal and 
paratracheal mediastinal nodes, and the lower third 
to nodes around aorta and celiac axis. Recently, the 
submucosal drainage territory has shown to extend in 
lymphatic drainage vessels of the esophagus with and 
without nodal delay to the thoracic duct in the human 
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esophagus, identifi ed macroscopically and histologi-
cally (14,15). This explains why aggressive malignancy 
commonly presents as locally advanced disease with a 
poor prognosis. Lymph node metastasis of esophageal 
cancer is the major factor that infl uences the prognosis 
after surgery. Even with an invasion depth limited to 
the mucosa or submucosa, the prognosis is remarkably 
poor compared with the same invasion depth in gastric 
or colorectal cancer. Superfi cial cancer of the esopha-
gus may metastasize into lymph nodes far distant from 
the primary tumor, not only into the mediastinum but 
also into the neck and abdomen. Therefore, some surgi-
cal investigators have suggested that thoracoscopy and 
laparoscopy should be routinely used for maximum ac-
curacy in esophageal cancer staging because defi nitive 
staging of esophageal cancer facilitates allocation of pa-
tients to appropriate treatment regimens according to 
each patient’s stage (16). 

 HISTORY OF SURGICAL STAGING 

 Mediastinoscopy remains the classic surgical approach 
to mediastinal lymph node sampling. Limitations of 
this technique include diffi culty in sampling the aor-
ticopulmonary window and the left para-aortic lymph 
nodes. Biopsy of subcarinal lymph nodes may also be 
problematic, especially if nodes are inferior and poste-
rior. The Chamberlain mediastinotomy provides an ex-
cellent approach to biopsy of the anterior mediastinal 
lymph nodes. In 1977, Murray et al. (17) described the 
use of mediastinoscopy and minilaparotomy for prere-
section staging of esophageal cancer. Five of 30 patients 
(17%) had positive lymph nodes at mediastinoscopy, and 
16 (53%) had positive lymph nodes at minilaparotomy. 
Operative staging could thus identify lymph node metas-
tases before resection in esophageal cancer. Dagnini et al. 
(18) performed routine laparoscopy just prior to planned 
esophagectomy for esophageal cancer. In 369 patients, 
unsuspected intraabdominal visceral metastases and ce-
liac lymph node metastases were noted in 14% and 9.7% 
of patients, respectively. Since describing a thoracoscopic 
Chamberlain procedure for staging esophageal cancer in 
patients with enlarged aorticopulmonary window lymph 
nodes, Krasna has used this technique routinely in stag-
ing esophageal cancer (19). According to another study 
by Krasna (20), thoracic lymph nodes were correctly 
staged in all of an early series of 14 patients. A multi-
 institutional pilot study from the Cancer and Leukemia 
Group B described 90% accuracy for thoracoscopic lapa-
roscopic lymph node staging. Knowing the precise preop-
erative stage would then facilitate grouping patients into 
those likely to have residual local or lymphatic disease 
and those likely to have complete resections. This would 
allow the rational allocation of adjuvant chemotherapy 

and/or radiation therapy to those patient populations 
that would most benefi t and thus limit the morbidity as-
sociated with these treatments. 

 SURGICAL STAGING TECHNIQUES 

 The patient is placed in the lateral decubitus position 
with 2 television monitors, one over the patient’s head 
and the other over the patient’s legs. This allows the sur-
geon and the fi rst assistant to visualize the same fi eld 
equally, without “mirror imaging” (21). 

 The patient is intubated with a double-lumen en-
dotracheal tube for one-lung ventilation to achieve the 
necessary exposure. The fi rst incision is made along the 
posterior axillary line in the sixth intercostal space, and 
the thoracoscope is inserted and the chest explored. 
Two additional incisions are made at the fi fth intercostal 
space, anterior axillary line, and at the seventh or eighth 
intercostal space, anterior axillary line. [C0.sub.2] insuf-
fl ation to compress the underlying lung has been used 
routinely. At surgical exploration, assessment of the en-
tire chest for evidence of lymph node involvement, pleu-
ral metastases, pulmonary metastases, or direct spread 
is performed (21). 

 A right-sided thoracoscopy is currently used 
routinely for esophageal cancer staging. This avoids 
the aorta and allows access to a maximum number 
of lymph nodes from which biopsy specimens can be 
taken. The azygos vein can be divided with staplers or 
sutures to facilitate exposure. The mediastinal pleura 
overlying the proximal esophagus is elevated lateral 
to the posterior edge of the trachea. Using endoscopic 
shears with electrocautery, the pleura is incised from 
the level of the subclavical vessels down to the azygos 
arch. Biopsy specimens are taken from lymph nodes 
using hemoclips for hemostasis. The level 2R, 4R, 3P, 
and 10 lymph nodes can be sampled in this way. The 
lung is retracted anteriorly by grasping the superior 
segment of the right lower lobe, and the subcarinal 
space is identifi ed (21). 

 The mediastinal pleura is incised from the azygos 
vein to the inferior pulmonary vein. Biopsy specimens 
of all nodes are again taken using hemoclips for he-
mostasis. The right lower lung lobe is grasped and re-
tracted superiorly. The inferior pulmonary ligament is 
divided using endoscopic shears with electrocautery. 
Once the inferior pulmonary vein is visualized, the dis-
section is complete, and biopsy specimens are taken 
from levels 7, 8, and 9 lymph nodes. The chest is ir-
rigated and examined for hemostasis or air leak from 
retraction. A single 24F chest tube is placed posteriorly 
and secured with 2 0-silk sutures. The remaining inci-
sions are closed with a 3–0 polyglactin subcutaneous 
and subcuticular suture (21). 
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 If preoperative noninvasive staging shows suspi-
cious lymph nodes on the left side, a left thoracoscopy is 
performed. Inspection of the aorticopulmonary window 
will identify level 5 and 6 lymph nodes. The remainder 
of the hemithorax is examined for evidence of gross 
esophageal tumor extension or metastatic disease to the 
lung. The mediastinal pleura overlying the lymph nodes 
is incised using electrocautery. The incision is continued 
up to the apex of the triangle formed by the phrenic and 
vagus nerves. Inferiorly, the pleura is incised over the 
left main pulmonary artery. Lymph nodes in this region 
are mobilized, and the vascular pedicle is ligated with an 
endoscopic clip applier (21). 

 Laparoscopic lymph node staging is now per-
formed routinely. The patient is placed in the supine 
position with both television monitors placed at the 
head of the table. The abdomen is prepared and draped 
for a standard laparotomy. The procedure is begun 
with 3 12-mm ports, although a fourth port may be 
necessary in the left upper quadrant for retraction of 
the stomach and placement of tension on the gastrohe-
patic ligament. A 30-degree laparoscope is helpful for 
exposure of the operative fi eld. An operating scope was 
generally used to allow 4 instruments to be used with 
3 trocars (21). 

 After thorough surgical exploration of the perito-
neal cavity, the surface of the liver is inspected, and bi-
opsy specimens are taken from gross abnormalities and 
sent for frozen section. The liver is retracted with an ex-
pandable fan retractor, and the lesser sac is entered using 
sharp dissection through the lesser omentum, just to the 
right of the esophagus. The dissection is carried craniad 
toward the right crus of the diaphragm. Most of this dis-
section may be performed with electrocautery, but oc-
casional use of clips may be necessary. When very large 
vessels are seen in this area, we have used an endoscopic 
vascular stapler. Biopsy specimens are taken from lymph 
nodes identifi ed along the lesser curve. Pulsations from 
the right gastric artery are visible caudally, and division 
of the omentum may stop at this point. Exposure of the 
celiac axis is obtained by elevation of the lesser curve of 
the stomach near the gastroesophageal junction. The left 
gastric artery is identifi ed by its pulsation as it projects 
straight up from the celiac axis and enters the posterior 
wall of the stomach, and small lymph nodes can usually 
be found (21). 

 RECENT STUDIES AND COMPARISONS 

 According to a study in 1999 (22), thoracoscopic stag-
ing was done in 82 patients and found N 1  in 11 patients. 
Fifty-four patients had laparoscopy, which detected N 1  
in 21 patients. Thirty-four cases had chemoradiation fol-
lowed by surgery. Esophagectomy was performed in 47 
patients after thoracoscopic staging and 33 with lapa-
roscopic staging. Of these 47 resected patients, thora-
coscopic staging showed N 0  in 42 patients and N 1  in 5 
patients with an accuracy of 93.6%. Laparoscopic stag-
ing detected normal celiac lymph nodes in 20 patients and 
diseased lymph nodes in 11 patients with an accuracy of 
93.9%. Comparing with fi nal resection pathology, the 
sensitivity, specifi city, and positive predictive value of 
staging for N 1  disease in the chest was 62.5%, 100.0%, 
and 100.0% by TS; 75.0%, 75.6%, and 23.1% by CT; 
and 0.0%, 51.4%, and 5.5% by EUS, respectively. For 
N 1  disease in the abdomen, it was 84.6%, 100.0%, and 
100.0% by Ls. 

 Subsequently, a comparison of Ts/Ls staging with 
conventional noninvasive clinical staging in patients 
with esophageal cancer was done in 2002 (23). The 
result showed that the correlation between Ts/Ls stag-
ing and conventional noninvasive clinical staging in the 
diagnosis of T4 disease, mediastinal lymph node me-
tastasis, celiac lymph node metastasis, and M1 disease 
was 18.8%, 14.5%, 25.5%, and 20.0%, respectively. 
Ts/Ls provided more accurate information for evaluat-
ing local invasion, lymph node metastasis, and distant 
metastasis. The poor correlation of staging diagnosis 
between Ts/Ls and conventional noninvasive clinical 
examinations suggests that the accuracy of current non-
invasive clinical staging is questionable and needs to be 
improved. 

 Although surgical staging seems to make esopha-
geal cancer treatment complicated, the greater accuracy 
afforded by minimally invasive staging is essential for 
patients who should undergo radical surgical or multi-
modal treatment. According to recent data, combining 
nonoperative staging procedures as CT/MRI and EUS 
with minimally invasive staging techniques may be more 
conducive to pretreatment staging, which will be even 
more important in the future for adjusting treatment to 
individual patient (24,25). 
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  24    Restaging after 
Neoadjuvant Therapy 

 Robert J. Cerfolio 
 Ayesha Bryant 

he long-term survival of patients 
with locoregionally advanced 
esophageal cancer (stages II–IVA) 
treated with surgery alone is only 
6% to 40% with a median survival 

of 9 to 24 months (1,2). Because of these poor out-
comes, multimodality approaches with chemotherapy 
and/or the use of concurrent chemoradiotherapy have 
been liberally employed and evaluated (3,4). Because of 
the increasing frequency of this strategy, surgeons are 
now often asked to evaluate patients for resection after 
neoadjuvant chemoradiotherapy and to determine their 
candidacy for resection. This decision is 2-fold. One as-
pect is the patient’s oncologic response to the therapy, 
and the other is the patient’s cardiopulmonary risk. Sur-
gical resection is generally reserved for those who have 
responded to the neoadjuvant therapy, or at least have 
no evidence of disease progression. In order to ensure 
that surgical resection is offered to the patients who will 
benefi t the most from the risks of surgery, the accuracy of 
the initial staging and the repeat staging is therefore crit-
ical. Restaging is accomplished through multimodality 
imaging techniques that include endoscopic ultrasound 
(EUS), endoscopic ultrasound with fi ne-needle aspira-
tion (EUS-FNA), computed tomography (CT), and in-
tegrated computed tomography with positron-emission 
tomography (PET/CT). The accuracy and limitations of 
each of these modalities are discussed here. 

 COMPUTED TOMOGRAPHY 

 The CT scan is generally considered the standard imag-
ing study for the monitoring and staging of solid organ 
tumors. However, several series have shown that its ac-
curacy in restaging patients with esophageal cancer is 
poor and substantially worse than the accuracy of PET 
and EUS (5–8). This is related to the inability of CT to 
distinguish between viable tumor and reactive changes, 
including edema and scar tissue. Jones showed that CT 
had an accuracy of only 42% for T-stage assessment 
after induction chemoradiotherapy (8). CT’s strength is 
in its detection of regional nodal disease and metastatic 
disease. 

 Many older series evaluated the effi cacy of CT scan-
ners that used 8 to 10 mm cuts. With the introduction of 
scanners that use thinner sections (usually 5 mm columi-
nated cuts with intravenous and oral contrast), these re-
sults may improve. Thinner sections allow for improved 
delineation of the tumor, improved 3-dimensional mea-
surements, and therefore more accurate and reproducible 
measurements of tumor volume. However, in a prospec-
tive study we performed on patients with non–small cell 
lung cancer, we found that even with 5 mm columinated 
cuts and intravenous contrast, patients were often under-
staged by CT scan (9). While thinner cuts may improve 
the accuracy of restaging somewhat, CT still remains 
an inferior imaging modality both for the initial staging 

 T
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and for restaging compared to EUS-FNA and integrated 
PET/CT scan. In conclusion, CT scan is a relatively 
poor clinical diagnostic tool for the determination of the 
pathologic tumor response after chemoradiotherapy of 
patients with esophageal cancer. Although CT is able 
to assess the change in size in the T, N, and M disease 
and detect the new development of N or M disease, it is 
predictive only when the tumor decreases in size. If the 
tumor size has increased, it does not necessarily indicate 
a poor response, since cancers can increase in size while 
undergoing cell necrosis or death (and yet have a good 
response to induction therapy). 

 ENDOSCOPIC ULTRASOUND 

 EUS has revolutionized the initial staging of patients 
with esophageal cancer during the past decade. It is a 
minimally invasive procedure that not only provides 
the best estimate of T stage but also allows pathologic 
confi rmation of metastatic disease in various sites. Its 
unique visualization of the esophageal wall allows one 
to see 5 distinct, clearly identifi able zones (Figure 24.1). 
The depth of penetration is assessed as well as invasion 
of surrounding structures. EUS-FNA can also provide 
biopsy confi rmation of celiac lymph node involvement 
(which is currently considered M1a disease for patients 
with distal esophageal junction tumors). In addition, it 
allows biopsy of distant metastases in the left and right 
adrenal glands and in the left side of the liver and even 
some lesions in the lower lobes of the lung (10). How-
ever, its value for restaging after neoadjuvant therapy is 
limited by its diffi culty in distinguishing residual cancer 
from infl ammation and fi brosis (11,12). 

 In 2005, we reported the results of a prospective 
study that examined the accuracy of the restaging tests 
of 48 patients with esophageal cancer, all of whom 
underwent neoadjuvant chemoradiotherapy and then 
complete resection. All patients had CT scans of the 
chest, abdomen, and pelvis before and after induction 
therapy. In addition, all patients underwent an initial 
and repeat EUS with FNA and an initial and repeat 
integrated PET/CT scans. For this study we mandated 
that all patients underwent resection via an Ivor Lewis 
esophagogastrectomy, so that all lymph nodes in the 
abdomen and in the chest were removed and patholog-
ically assessed (13). We found that repeat EUS-FNA 
was 80% accurate for predicting the overall T status. 
However, it should be noted that we considered a test 
to be correct if it predicted the T as T1, T2, or T3 
and it was pathologically determined to be T1, T2, 
or T3. We implemented this defi nition since surgical 
resection is usually offered for a T1–T3 lesion but may 
not be for a T4. Since complete responders represent a 
different group of patients with biologically favorable 
disease, they were evaluated separately in our study. 
In this study, we found that 15 of the 48 patients were 
pathologic complete responders (CRs), yet repeat EUS-
FNA identifi ed only 3 of them correctly. Similarly, Bes-
eth in 2000 found that EUS overestimated the depth of 
tumor penetration in 18 patients (69%) and underesti-
mated the depth of penetration in 1 patient (4%) (14), 
and Kalha in 2004 showed that 19 of 22 patients who 
were CRs were also overstaged by EUS (10 with T2, 
8 with T3, and 1 with T4) (15). Similar results were 
noted in a series of 137 patients treated at Memorial 
Sloan Kettering Cancer Center, who underwent pre-
operative chemoradiotherapy, followed by repeat EUS 
and endoscopic biopsy (16). In a preliminary report, 
65% of the 104 patients who had no tumor in the 
endoscopic biopsies had residual tumor in the surgi-
cal specimen. Similarly, in our study, repeat EUS was 
noted to overestimate 12 of the 15 as having residual 
disease and predicted T2 in 2 patients, T3 in 7, and T4 
in 3 (Table 24.1). Thus, repeat EUS-FNA is often not 
able to differentiate between a residual fi brotic mass 
and viable tumor and may overestimate the T status. 
Factors that have been shown to limit the accuracy 
of EUS are postradiation esophagitis, luminal stenosis, 
compression of the tumor caused by the endoscope, 
and experience of the endosonographer. These data 
suggest that different techniques besides repeat EUS-
FNA are needed to predict response of locoregional 
disease to preoperative therapy. Measuring the change 
in maximal cross-sectional area pre- and postchemora-
diotherapy by repeat CT scan or repeat EUS may be a 
more useful measure to assess the response of esopha-
geal cancer to preoperative chemoradiotherapy, but 
this is not yet a standard approach (17–19).   

 FIGURE 24.1 

 Five layers of the esophagus as seen by EUS. 
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Additionally, FDG-18 is taken up by muscles, and its 
infl ammatory processes can be mistaken for a malignant 
process (22,23). Additionally, some institutions utilize 
software that fuses CT and PET images. The problem 
with this technique is that patients will move or the scans 
may have to be performed on separate days. The im-
proved localization with PET-CT allows the radiologists 
to clearly distinguish areas of normal physiologic tracer 
uptake from regions of increased metabolic activity. As 
important, sometimes there is increased metabolic activ-
ity but no anatomic abnormality that corresponds with 
it. By performing PET and CT studies simultaneously on 
an integrated system, the scanner overcomes limitations 
inherent in retrospective comparison of separate images 
and eliminates the need for postacquisition image align-
ment as well as the imprecision it brings. 

 Multiple series have examined the effi cacy of PET-
CT versus PET and CT alone. In 2 recently published 
prospective studies, PET-CT provided additional infor-
mation in 41% (20/49) of patients as compared with 
visual correlation of PET and CT individually (24,25). 
Another study showed a reduction in number of false 
positive (3 to 0) and false negatives (16 to 2) as com-
pared to PET alone (26). Similarly, in our prospective 
study we found PET-CT to be superior to PET alone for 
the accuracy of the T, N, and of the M staging in patients 
with  non–small cell lung cancer.  Unlike other studies, all 
patients in this study underwent defi nitive biopsies (27). 
Although similar data have not been generated specifi -
cally for esophageal cancer, PET-CT has been accepted 
as a standard in imaging solid tumors. 

 REPEAT PET/CT FOR RESTAGING 

 The greatest benefi t of PET in the restaging of patients 
with esophageal cancer is through the measurement of 
maxSUV before and after induction therapy (28–31). We 
have shown that the best time to repeat the PET is about 
1 month after the last dose of radiation for  non–small 
cell lung cancer (32) . This held true even when high-
dose (60 Gy or higher) neoadjuvant radiotherapy was 
used. We believe the same timing holds for patients with 
esophageal cancer. The repeat PET allows one to calcu-
late the change in the maxSUV. In 2004 we showed that 
the change in maxSUV on PET scan after neoadjuvant 
therapy holds a near linear relationship with pathologic 
response ( r  2  = 0.75). Additionally, when the maxSUV of 
the primary tumor decreased by 80% or more, it was 
likely that the patient was a complete responder regard-
less of cell type, type of neoadjuvant therapy, or the fi nal 
absolute maxSUV (33,34). A similar pattern was seen 
for SUV changes in mediastinal nodes following neo-
adjuvant therapy. In 2006, we showed that when the 
maxSUV of a mediastinal node initially involved with 

TABLE 24.1 
Restaging for T Stage Using the 3 Different 

Staging Modalities for Patients with Esophageal 
Cancer after Neoadjuvant Chemoradiotherapy and 
Resection via an Ivor Lewis Esophagogastrectomy a

 Accuracy of predicting 
pT stage

Author and 
year N EUS/FNA PET/CT CT

Cerfolio 2005 48 80% 80% 76%

Swisherb 2004 103 68% 76% 62%

Kalha 2004 83 29% ND ND

Zuccaro 1999 59 37% ND ND

Laterza 1999 87 47% ND ND

Bowrey 1999 17 59% ND ND

Isenberg 1998 31 43% ND ND

Abbreviations: a p = pathologic stage; ND = not done.
b Accuracy in predicting pathologic nonresponse (>10% viable 
cancer in primary tumor).

 POSITRON-EMISSION TOMOGRAPHY SCAN 

 During the past 10 years, whole-body PET scan using 
the glucose analog fl uorodeoxyglucose F-18, fl uoro-2-
deoxy-D-glucose (FDG), has become a commonly used 
noninvasive method for the clinical staging of many 
cancers. More recently, integrated PET-CT scanners 
have been developed to blend the physiologic data from 
the FDG uptake of cells with the spatial anatomic de-
tail of CT scan. Integrated PET-CT characterizes the 
maximum standardized uptake value (maxSUV) of the 
primary tumor as well as identifying potential nodal 
(N) metastases and metastatic (M1a and M1b) disease. 
Much confusion exists because of the multiple systems 
that are available and because of the often convoluted 
and confusing terminology. The most common types of 
PET systems are summarized in Table 24.2.   

 INTEGRATED PET-CT SUPERIOR TO 
DEDICATED PET 

 Integrated PET-CT has been shown, in 2 prospective 
randomized trials, to be superior to PET alone (despite 
the addition of the most recent CT scan for visual com-
parison with the PET) for staging patients with  non–
small cell lung cancer.  PET offers superior metabolic 
information, but it has only limited spatial resolution 
and anatomic landmarks (20,21) when compared to CT. 
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TABLE 24.2 
PET and PET-CT Definitions

Definition Advantages and disadvantages

Dedicated PET

Full thick ring PET Scintillation detectors cover a full
360 degrees around the volume to
be imaged.  

Higher sensitivity 
Reduction of artifacts 
No moving parts

Partial thick ring Two opposed curved matrices rotate 
and capture image.  

Decreased sensitivity compared to 
full thick ring 
Images can only be represented 
in 3D with this system

Coincidental gamma camera Dual-head gamma cameras use
a 15-ns window to capture images. 

Lower sensitivity, longer dead time

PET-CT

Integrated (hybrid) The combined PET/CT scanner 
creates 2 images: one relies on 
CT, the other on PET. A 
computer then merges the 2 
scans into a single image that
helps doctors diagnose the 
nature and location of a disease.

Most accurate and specific system 
to date for the staging of patients 
with non–small cell lung cancer
More expensive than PET or CT 
alone or fusion software
Exam done at one time 

Fusion Software used to create a 3D 
model of the CT study and a 
3D model of the PET transmission 
study and then utilizes an algorithm 
to compare and provide an overlay
of images 

Less costly than integrated PET-CT 
Not as accurate as integrated 
PET-CT
CT and PET may be obtained on 
different dates 
Increased artifacts due to 
movement

Visually correlated Radiologist visually compares/
contrasts CT and PET scan.

Requires radiologist to manually 
compare a PET and CT scan side 
by side; decreased consistency
Exam different dates

metastatic cancer decreased by >50%, it was highly 
likely (+LR 7.9) that the node had been rendered be-
nign by neoadjuvant therapy. Furthermore, when the 
maxSUV decreased by 75% or more, there was a good 
likelihood (+LR 6.1) that the patient was a complete re-
sponder (35). We have shown that repeat PET had 100% 
accuracy when assessing this response for paratracheal 
lymph nodes (36). Thus, repeat PET and, even better, 
repeat PET-CT after neoadjuvant therapy is now a stan-
dard tool to assess the response a patient has to a certain 
neoadjuvant therapy to help select appropriate patients 
for surgical resection or to direct different, continued, or 
varied chemotherapeutic regimens or for the addition of 

radiotherapy. Moreover, the maxSUV can direct the best 
place to biopsy or the presence of new or suspicious N2 
or N3 disease. Although much of these data are for pa-
tients with non–small cell lung cancer, it formed the basis 
for similar studies on patients with esophageal cancer. 

 In our prospective study of 48 patients with esoph-
ageal cancer described previously, we found that repeat 
integrated PET/CT was a superior restaging tool for 
predicting the nodal status and the CR rate for patients 
with esophageal cancer compared to repeat EUS-FNA 
or repeat CT scan. Rice and colleagues have shown that 
residual nodal disease confers a poor prognosis with 
a 5-year survival of 12% (37). Thus, recalcitrant or 
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persistent nodal disease is important, and some argue 
that esophageal resection should be delayed and a sec-
ond line of chemotherapy offered. Resection in these 
centers is often reserved only for those who have their 
nodal disease downstaged. Thus, the ability of a restag-
ing test to predict recalcitrant nodal disease is clinically 
important. 

 In our study of 48 patients, 8 patients had regional 
lymph nodes that were pathologically involved with 
cancer despite the use of neoadjuvant chemoradiother-
apy. Repeat PET/CT predicted 5 of the 8, whereas repeat 
EUS-FNA predicted it in only 1 patient. In addition, of 
the 40 patients whose lymph nodes were pathologically 
negative, FDG-PET predicted 33 of these 40 patients 
correctly, whereas repeat EUS-FNA predicted only 31. 
Thus, the overall accuracy for PET/CT for the nodal 
prediction was 93% compared to 78% for EUS-FNA 
( P  = 0.04). Several other series supporting the strength 
of PET/CT in restaging of esophageal cancer have been 
summarized in Tables 24.2 and 24.3 (38–42).   

 PET/CT may also be more accurate for detection 
of M1 disease following neoadjuvant therapy. Fiore in 
2006, in a study of 56 patients, showed that CT-PET 
was superior in identifying small mediastinal metastatic 
lymph nodes (N1), extrathoracic lymph nodes (M1), 
and hepatic metastases (#1 cm) that escaped multislice 
CT and EUS following neoadjuvant therapy (42). We 
showed in 2005 that FDG-PET/CT correctly identifi ed 
M1b disease in 4 patients, falsely suggested it in 4 pa-
tients, and missed it in 2 patients, whereas for CT, it was 
3, 3, and 3 patients (13). 

 PREDICTING WHO IS A COMPLETE 
RESPONDER 

 CRs represent an important subset of patients with 
esophageal cancer. Recently, many physicians have 
begun to question whether esophagogastrectomy offers 
any benefi t in this group of patients. The only way to 
fully answer this provocative question would be to per-
form a prospective study and to randomize 2 groups of 
patients (both known to be CRs) to observation versus 
surgical resection. Since there has been no way to accu-
rately determine who is a CR without surgical resection, 
this study has not been performed. In our prospective 
study of 48 patients, 15 patients were complete respond-
ers. Integrated PET/CT has been shown to be better than 
EUS-FNA and CT for the detection of CRs. We showed 
in this study in 2005 that the accuracy for detection of 
CR was 71% for CT and 70% for EUS-FNA but was 
88% for integrated PET/CT. Swisher in 2004 similarly 
observed accuracy rates of 62%, 68%, and 76% for 
CT, EUS-FNA, and PET/CT, respectively. In addition to 
greater accuracy, the decrease in maxSUV of PET/CT 
scan between pre- and posttherapy scans may be an in-
dicator of the degree of response to therapy. In our 2005 
series, we found that the maxSUV fell by a median of 
47% for those who were CRs and 42% for those who 
were downstaged. Recently, others, such as Port and col-
leagues, have also shown that when the maxSUV falls in 
patients who are pathologically CRs (43). 

 CONCLUSIONS/ RECOMMENDATIONS 

 In conclusion, CT scan for the assessment of response 
to treatment in esophageal cancer is relatively inaccu-
rate and useful only for M1a and M1b disease. Repeat 
EUS and repeat integrated PET/CT are more accurate 
than CT scan. EUS, unlike the other modalities, is able 
to provide pathologic tissue via the rebiopsy of regional 
lymph nodes as well as targets in selected M1a and M1b 
locations. However, it is not able to accurately assess the 
T status after neoadjuvant chemoradiotherapy. Repeat 
PET, which is able to measure the change in maxSUV 
for T, N, and M stage, is a promising restaging tool. It is 
most accurate when the initial PET and repeat PET are 
performed on the same machine at the same center using 
similar techniques and there has been at least 4 weeks be-
tween the end of the radiotherapy and the repeat PET. It 
may be the most accurate modality for the assessment of 
the biologic response of esophageal cancer to induction 
therapy. Our current treatment algorithm is depicted in 
Figure 24.2. Multicenter studies with large patient popu-
lations, which focus on the prediction of tumor response 
early in the course of neoadjuvant therapy, are needed.   

TABLE 24.3 
Restaging for N Stage Using the 3 Different Stag-

ing Modalities for Patients with Esophageal Cancer 
after Neoadjuvant Chemoradiotherapy and Resec-

tion via an Ivor Lewis Esophagogastrectomy a

Accuracy of predicting the 
pN stage

Author and 
year N

EUS/
FNA

PET/
CT CT

Cerfolio 2005 48 78% 93% 78%

Kalha 2004 83 49% ND ND

Zuccaro 1999 59 38% ND ND

Laterza 1999 87 71% ND ND

Bowrey 1999 17 59% ND ND

Abbreviation: a ND = not done.
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  25    Revisions in the Staging 
System for Esophageal 
Cancer 

 Jeffrey A. Hagen 

sophageal cancer is staged using the 
tumor, nodal, and metastasis (TNM) 
system of classifi cation defi ned by 
the American Joint Committee on 
Cancer (AJCC) in cooperation with 

the International Union Against Cancer (1). The goal of 
this staging system is to allow physicians to stratify pa-
tients according to the extent of disease present that will 
allow accurate determination of prognosis and selection 
of the most appropriate therapy. Accurate and consistent 
staging also allows for comparison of results reported 
for a variety of treatment modalities using a common 
language by institutions around the world. It also facili-
tates exchange of information among different treatment 
centers. 

 To be useful for clinical and research purposes, this 
staging system must include all the attributes that de-
fi ne the behavior of a tumor. As such, it must respond 
to new information that emerges in our understanding 
of the factors that infl uence prognosis. The staging sys-
tem must also be viewed as a process that is responsive 
over time to new technologies and treatment strategies 
as they are developed. It must be recognized, however, 
that any changes made in the staging system will make 
it diffi cult to compare current and future results of ther-
apy with those of the past. As a result, change must be 
undertaken cautiously and only in response to factors 
identifi ed as being important in multiple large studies. 

In this chapter, a number of recent developments in our 
understanding of the management of esophageal cancer 
and the factors that determine outcome are reviewed. 
These observations emphasize several important short-
comings in the current accepted staging system, which is 
presently under review for revision. 

 CURRENT CLASSIFICATION AND STAGING 
OF ESOPHAGEAL CANCER USING 

THE TNM SYSTEM 

 The TNM system is designed to emphasize the important 
attributes of cancer that determine clinical behavior. It is 
based on the premise that all cancer occurring at a given 
site and of the same histology will have the same pat-
terns of growth with a similar outcome. Tumors are clas-
sifi ed on the basis of the characteristics of the primary 
tumor (T status), the status of the locoregional lymph 
nodes (N status), and the presence of systemic metasta-
ses (M status). These characteristics are used to defi ne 
stage groupings that are based on the natural history of a 
given type of cancer and the outcomes observed. Patients 
can be staged on the basis of clinical examination and 
radiographic studies (clinical staging) and on the basis 
of histologic examination of tissues removed when ap-
propriate (pathologic staging, pTNM). Cancers can also 
be restaged when they recur following treatment. 

 E
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 In the current accepted staging system, the esopha-
gus is divided into 4 regions. The cervical esophagus is 
defi ned as extending from the cricopharyngeus to the 
level of the thoracic inlet, which corresponds to a dis-
tance of approximately 18 cm from the incisors. The 
upper third of the thoracic esophagus is defi ned as ex-
tending from the thoracic inlet to the carina, which is 
located at approximately 24 cm. Middle third tumors 
are defi ned as those located between the carina and a 
point half the distance between the carina and the gas-
troesophageal junction (GEJ). The lower third of the 
esophagus extends from this point to the GEJ, located 
between 32 and 40 cm from the incisors. 

 The characteristics of the primary tumor (T status) 
are defi ned on the basis of the depth of invasion into the 
wall of the esophagus. T 1  tumors include those that in-
vade into but not through the submucosa. A tumor that 
invades into but not through the muscularis propria is 
designated a T 2  lesion. Tumors that invade beyond the 
muscularis propria into the adjacent adventitia are clas-
sifi ed as T 3  tumors, whereas tumors that invade adjacent 
structures are classifi ed as T 4 . 

 Lymph node status is classifi ed as a dichotomous 
variable in the current staging system, based on the pres-
ence or absence of regional node involvement. Regional 
nodes are defi ned differently for tumors in different loca-
tions in the esophagus (Table 25.1). For tumors located in 
the cervical esophagus, the cervical, supraclavicular, and 
upper periesophageal lymph nodes are considered regional 
nodes. For tumors located near the GEJ, the periesopha-
geal nodes below the azygos vein and the diaphragmatic, 
pericardial, left gastric, and celiac nodes are all considered 
to be regional nodes. Lymph node metastases to other non-
regional node stations are considered M1a disease, which, 
according to the current staging system, is considered stage 
IVA disease. Accordingly, patients with distal esophageal 
cancer and celiac node involvement and patients with can-
cers arising in the region of the GEJ and subcarinal node 
involvement are defi ned as having unresectable disease.   

 In addition to patients with metastases to nonre-
gional lymph nodes, the M status of esophageal cancer 
includes patients with systemic metastatic disease. These 
later patients are classifi ed as M1b, which is considered 
stage IVB disease. For tumors arising in the middle third 
of the thoracic esophagus, the M1b designation is also 
used in the presence of metastases involving nonregional 
lymph nodes. The AJCC staging system combines these 
TNM classifi cations into stage groupings, as defi ned in 
Table 25.2.   

 INADEQUACIES IN THE CURRENT STAGING 
SYSTEM FOR ESOPHAGEAL CANCER 

 The adequacy of the current staging system for esopha-
geal cancer has been called into question for a number 

TABLE 25.1 
Definitions of Regional and Nonregional Lymph 

Node Involvement by Tumor Location

Tumors of the lower thoracic esophagus

Regional lymph nodes Nonregional lymph 
nodes (M1a)

 Upper periesophageal nodes 
(above azygos vein)

 Celiac nodes

 Subcarinal nodes

 Lower periesophageal nodes 
(below azygos vein)

Tumors of the midthoracic esophagus

Regional lymph nodes Nonregional lymph 
nodes (M1a)

 Upper periesophageal nodes 
(above azygos vein)

 Not applicable

 Subcarinal nodes

 Lower periesophageal nodes 
(below azygos vein)

Tumors of the upper thoracic esophagus

Regional lymph nodes Nonregional lymph 
nodes (M1a)

 Upper periesophageal nodes 
(above azygos vein)

 Cervical nodes

 Subcarinal nodes

 Lower periesophageal nodes 
(below azygos vein)

TABLE 25.2 
Stage Groupings

Stage 0 Tis N0 M0

Stage I T1 N0 M0

Stage IIA T2 N0 M0

T3 N0 M0

Stage IIB T1 N1 M0

T2 N1 M0

Stage III T3 N1 M0

T4 Any N M0

Stage IVA Any T Any N M1a

Stage IVB Any T Any N M1b

of reasons. First, it does not include Barrett’s-associated 
adenocarcinomas that arise at the GEJ. Using current 
defi nitions, a tumor arising in the region of the GEJ that 
involves less than 2 cm of the distal esophagus is classifi ed 
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as a gastric cancer in the AJCC  Staging Manual.  Second, 
the staging system does not consider the extent of lymph 
node involvement, a factor identifi ed in several recent 
studies as being of prognostic importance. Third, the cur-
rent version of the staging system classifi es nonregional 
lymph node involvement in quite general terms that vary 
in defi nition depending on the location of the primary 
tumor. These patients are classifi ed as having M1a (stage 
IVA) disease, which is considered unresectable. Fourth, 
when the performance of the current staging system in 
patients undergoing resection has been analyzed, it has 
been shown that survival estimates do not differ signifi -
cantly between several stage groupings (i.e., the survival 
probabilities are not distinctive) and that some of the 
TNM combinations included in the same stage group-
ing are dissimilar (i.e., the survival probabilities are not 
homogeneous) (2). Finally, the adequacy of the current 
AJCC system has recently been questioned in the staging 
of patients who have received preoperative therapy. 

 Adenocarcinoma Arising at the GEJ 

 There is increasing evidence to suggest that cancers aris-
ing at the GEJ, so-called gastric cardia cancers, should 
be classifi ed as esophageal in origin rather than as a 
gastric cancer. Similarities between these cardia cancers 
and esophageal adenocarcinomas and major differences 
from cancers arising in the more distal stomach have 
been observed in terms of their epidemiology, patient 
demographic characteristics, risk factors for occurrence, 
and the molecular profi les of the tumors. 

 The rising incidence of esophageal cancer in West-
ern countries over the past 2 decades has been well 
documented (3). At the same time, population-based epi-
demiologic studies have shown that gastric cardia cancer 
has been rising in incidence in parallel with esophageal 
adenocarcinoma (4) at a rate of 4% to 5% per year. At 
the same time, the incidence of distal gastric cancer has 
been on the decline (5). Epidemiologic studies have also 
documented similarities in patient demographic charac-
teristics between esophageal adenocarcinoma and tu-
mors arising in the gastric cardia that contrast sharply 
with cancers occurring in the distal stomach. Distal 
gastric cancer occurs with similar frequency in men and 
women, while gastric cardia cancer is more than 5 times 
as common in men: a demographic characteristic similar 
to esophageal adenocarcinoma (6). Symptomatic gas-
troesophageal refl ux disease is also common in patients 
with both gastric cardia cancer and esophageal adeno-
carcinoma (7), and an association has been documented 
between both types of cancer and an increased body 
mass index (8). On the other hand, low socioeconomic 
status, a well-defi ned demographic risk factor for distal 
gastric cancer, has not been associated with an increased 
risk of either esophageal adenocarcinoma or gastric car-
dia cancer (9). These similarities in epidemiology and 

patient demographics suggest that the etiologic factors 
resulting in the development of adenocarcinoma in the 
esophagus and cancer arising at the GEJ are similar. 

 Risk factors that have been identifi ed for the de-
velopment of esophageal adenocarcinoma and cancer 
occurring in the gastric cardia have also been shown to 
be similar, with important differences noted from distal 
gastric cancer. Chronic infection with  Helicobacter py-
lori  is a well-documented risk factor for distal gastric 
cancer, with no such relationship noted for adenocarci-
noma of the gastric cardia or of the esophagus (10). In 
fact, it has been suggested that seropositivity for  H. py-
lori  may be associated with a decreased risk of cancer 
of the esophagus and gastric cardia (11). Dietary fac-
tors associated with the risk of gastric cardia cancer and 
esophageal adenocarcinoma are also similar, and they 
differ from those associated with distal gastric cancer. A 
diet high in meat (especially red meat) has been associ-
ated with an increased risk of distal gastric cancer in a 
dose-dependent fashion, with no such relationship found 
for gastric cardia cancer or for adenocarcinoma of the 
esophagus (12). It has also been shown that a diet high 
in fi ber appears to be protective against the development 
of both gastric cardia cancer and adenocarcinoma of 
the esophagus (13). This effect may be mediated by the 
nitrate-scavenging properties of dietary fi ber, especially 
wheat fi ber (14). 

 There are also similarities in the molecular char-
acteristics of cancers arising at the GEJ and esophageal 
adenocarcinoma that in many cases differ from the mo-
lecular profi les of distal gastric cancer. Using immunohis-
tochemical (IHC) staining techniques, P53 alterations and 
expression of sucrose isomaltase (an intestinal enzyme 
expressed in Barrett’s esophagus but not in gastric epi-
thelium) have been shown to be common in both esoph-
ageal adenocarcinoma and gastric cardia cancer (15). 
Assessment of loss of heterozygosity (LOH) patterns for 
genes coded on the distal q arm of chromosome 17 (16) 
and assessment of LOH and microsatellite instability for 
loci of the 14q region and for p53, adenomatous polypo-
sis coli (APC), and deleted in colorectal cancer (DCC) 
have also shown striking similarities between gastric car-
dia cancer and adenocarcinoma of the esophagus (17). 
On the basis of these observations, it appears that the 
sequence of molecular carcinogenesis may be the same 
for these 2 tumors. Finally, Mattioli and colleagues (18) 
have shown that the pattern of CK staining in tumors of 
the gastric cardia is similar to that of Barrett’s-associated 
adenocarcinoma, a pattern quite dissimilar to that seen 
in distal gastric cancer. 

 Perhaps most important, a number of similarities 
have been identifi ed in the clinical behavior and prog-
nosis following therapy between esophageal adenocar-
cinoma and gastric cardia cancer. The frequency and 
patterns of lymph node involvement have been shown 
to be similar (19, 20), and survival following therapy 
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appears to be the same (21). In addition, the type of op-
eration performed for a cancer arising in the lower third 
of the esophagus and for a cancer of the GEJ is the same 
in most centers. For all these reasons, it appears that 
tumors that arise in the gastric cardia region should be 
considered together with adenocarcinoma of the esoph-
agus rather than as a form of gastric cancer. 

 The Importance of the Extent of Lymph 
Node Involvement 

 The current AJCC staging system considers lymph node 
involvement as a dichotomous variable (present or ab-
sent), in spite of reports from centers around the world 
that document the importance of the extent of lymph 
node involvement on prognosis. It was Skinner et al. 
(22) who fi rst suggested that the number of involved 
lymph nodes was of prognostic importance, suggesting 
a revised staging system in which N status was classi-
fi ed into 3 groups with limited node involvement de-
fi ned as the presence of 2 or fewer node metastases. 
This proposal was later revised to a threshold of 4 or 
fewer node metastases on the basis of an analysis of 
additional patients undergoing en bloc resection (23). 
Since then, a number of investigators have confi rmed 
these fi ndings (24–26). Reports from several other in-
vestigators have also emphasized the importance of the 
number of lymph node metastases, although a variety 
of cutoff points for the number of nodes involved have 
been proposed (Table 25.3). On the basis of these re-
ports, it is clear that the extent of lymph node involve-
ment is of prognostic importance. What remains to be 
determined, based on studies involving many more pa-
tients than have been reported to date, is the optimal 
threshold for the number of involved nodes that best 
predicts outcome. 

 The extent of lymph node involvement has also 
been classifi ed using the lymph node ratio (LNR) defi ned 
as the number of nodes with metastases divided by the 
number of nodes removed. Roder and colleagues initially 
reported a LNR of 20% as a threshold for defi ning lim-
ited versus advanced lymph node involvement (27). Since 
then, a number of other investigators have confi rmed 
the value of the LNR in determining prognosis, using 
a variety of different thresholds (Table 25.4). When the 
LNR has been compared to classifi cation schemes on the 
basis of the number of involved lymph nodes, the LNR 
has been consistently shown to be superior (26–32). It is 
likely that the LNR better stratifi es patients with regard 
to prognosis because it accounts for both the number of 
involved lymph nodes and the extent of lymphadenec-
tomy performed. Similar fi ndings have been reported in 
patients with cancer of the breast (33), colon (34), pan-
creas (35), uterus (36), and stomach (37).   

TABLE 25.3 
Impact of the Number of Involved Lymph Nodes 

on Prognosis

Author Cell typea 
Suggested 
thresholds

Skinner et al. (22) 43 EAC, 43 SCCA, 
5 other

0, 1–2, ≥3

Skinner et al. (23) 39 EAC, 36 SCCA, 
5 other

0, 1–4, ≥5

Ellis et al. (24) 265 patients, cell 
types not stated

0, 1–4, ≥5

Ellis et al. (25) 303 EAC, 139 SCCA, 
12 other

0, 1–4, ≥5

Hagen et al. (26) 100 EAC 0, 1–4, ≥5

Tachibana et al. (29) 76 SCCA 0, 1–4, ≥5

Rizk et al. (43) 271 EAC, 65 SCCA 0, 1–4, ≥5

Korst et al. (40) 127 EAC, 89 SCCA 0, 1–3, ≥4

Zafirellis et al. (28) 125 EAC, 31 SCCA 0, 1–3, ≥4

Kunisaki et al. (30) 113 SCCA 0, 1–3, ≥4

Hofstetter et al. (41) 766 EAC, 261 SCCA 0, 1–3, ≥4

Rice et al. (2) 401 EAC, 67 SCCA, 
12 other

0, 1–2, ≥3

Wijnhoven et al. (42) 250 EAC, 42 SCCA 0, 1–2, ≥3

Abbreviations: aEAC = esophageal adenocarcinoma; SCCA = 
squamous cell carcinoma.

 More recently, we have used IHC-detected microme-
tastases in an attempt to better classify patients with re-
gard to survival (38). We examined 1,970 nodes removed 
from 37 patients who had en bloc resections for esopha-
geal adenocarcinoma, to determine the frequency and 
prognostic importance of IHC-detected micrometastases. 
Twenty of these patients had limited lymph node involve-
ment defi ned by an LNR of <10%. Five-year survival in 
this group of patients was 55%. Additional node metas-
tases were identifi ed by IHC in 14 patients (70%). When 
the number of IHC-detected node metastases was added 
to the number detected by H&E, the LNR remained 
<10% in 13 patients, and survival was 77% at 5 years. In 
contrast, in the 7 patients with an LNR >10% when the 
additional metastases detected by IHC were added to the 
H&E detected metastases, survival at 5 years was only 
14%, similar to the 13% survival observed in patients 
with an LNR >10% based on H&E examination alone. 
These observations suggest that the optimal staging strat-
egy to assess lymph node involvement may be the use of 
the LNR calculated on the basis of the combined fi ndings 
of H&E staining and IHC examination. 
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 Nonregional Lymph Node Involvement 

 The current classifi cation system defi nes involvement of 
nonregional lymph nodes as metastatic disease (M1a), 
which results in the designation as stage IVA disease, 
for which surgical resection for cure is not generally 
recommended. A number of investigators have called 
this classifi cation scheme into question, particularly in 
patients with lower esophageal adenocarcinoma and ce-
liac lymph node involvement. This classifi cation has its 
origin in data from Japan in patients with squamous cell 
carcinoma, where involvement of abdominal nodes may, 
in fact, portend a poor prognosis. With the dramatic rise 
in the frequency of adenocarcinoma of the esophagus in 
many parts of the world, this issue of proper classifi -
cation of nonregional nodes has attracted considerable 
attention beginning with the report by Steup et al. in 
1996 (39). In this report, they found that patients with 
nonregional lymph node involvement had a signifi cantly 
better survival than patients with visceral M1 disease. 
Their fi ndings were supported 2 years later in a report 
by Korst et al. (40) in which involvement of nonregional 
nodes was classifi ed as N2 disease in a proposed revi-
sion to the staging system in use at the time. Since then, 
a number of other investigators have reported similar 

fi ndings. In our experience with en bloc resections per-
formed for distal esophageal adenocarcinoma (26), we 
reported 26 patients with distant lymph node involve-
ment, including 16 with involvement of celiac nodes. 
Survival at 5 years in these patients with stage IVA dis-
ease was 28%, which was not statistically different from 
the outcome observed in patients with only regional 
lymph nodes involved when the number of involved 
nodes was greater than 4 (22% 5-year survival). Hofstet-
ter et al. (41) have reported similar fi ndings in a review 
of more than 1,000 resections for esophageal cancer of 
all cell types. In their series, 3-year survival in patients 
classifi ed as having M1a disease was 24%, which was 
nearly identical to the survival they reported (23%) for 
patients with regional lymph node involvement alone. 
These fi ndings are in disagreement with those of Rice 
et al. (2) and Wijnhoven et al. (42), who recommended 
revisions to the staging system that included elimination 
of the M1a group, classifying patients with involvement 
of nonregional nodes and those with visceral metastases 
as M1 disease. It is worth emphasizing, however, that 
these 2 reports did not compare survival in patients with 
celiac node metastases to patients with multiple nodes 
involved elsewhere in the resected specimen. This is an 
important distinction since the presence of celiac node 
metastases is signifi cantly more common in patients 
with multiple lymph node metastases (31,43), with 
nearly two-thirds of the patients with celiac node metas-
tases having more than 4 lymph nodes involved. Celiac 
node metastases are also more common in patients with 
extracapsular lymph node involvement (44)—an addi-
tional histopathologic factor that has been associated 
with a poor outcome (45). On the basis of these obser-
vations, it appears likely that the apparent prognostic 
importance of celiac lymph node involvement in some 
series may be explained by the failure of the current clas-
sifi cation system to account for the extent of lymph node 
involvement and other poor prognostic indicators with 
which celiac node involvement is highly linked. What is 
clear is that survival reported after resection in patients 
with celiac node involvement appears to be considerably 
better than the 4- to 6-month median survival typically 
reported in patients with visceral metastases. 

 Performance of the Current Stage Grouping 
in Predicting Prognosis 

 For optimal performance, staging systems should result 
in groupings that are distinctive (defi ned as signifi cant 
separation between classifi cations or stage groups based 
on survival), homogeneous (defi ned as the absence of dis-
tinct subgroups within a single classifi cation or grouping), 
and with a monotonic ordering with decreasing survival 
with increasing stage grouping. The poor performance of 

TABLE 25.4
 Impact of the Lymph Node Ratio on Prognosis a

Author Cell type 
Suggested 
thresholds

Roder et al. (27) 434 SCCA 0, 0.01–0.20, 
≥0.20

Zafirellis et al. (28) 125 EAC, 31 
SCCA

0, 0.01–0.20, 
≥0.20

Lagarde et al. (44) 251 EAC 0, 0.01–0.20, 
≥0.20

Wijnhoven et al. (42) 250 EAC, 42 
SCCA

0, 0.01–0.20, 
≥0.20

Holscher et al. (31) 137 EAC 0, 0.01–0.30, 
≥0.30

van Sandick et al. (32) 86 EAC, 29 
SCCA

0, 0.01–0.30, 
≥0.30

Kunisaki et al. (30) 113 SCCA 0, 0.01–0.15, 
≥0.15

Hagen et al. (26) 100 EAC 0, 0.01–0.10, 
≥0.10

Tachibana et al. (29) 76 SCCA 0, 0.01–0.10, 
≥0.10

Abbreviations: aEAC = esophageal adenocarcinoma; SCCA = 
squamous cell carcinoma.
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the current staging system as it relates to these issues has 
been emphasized, beginning with the report by Skinner 
et al. (22) that proposed modifi cations based largely on 
the number of involved lymph nodes. Since then, others 
have proposed additional revisions that are summarized 
in Table 25.5.   

 More recently, Rice and colleagues (2) have clearly 
described several important shortcomings in the cur-
rent staging system in their report of 480 patients who 
underwent resection alone for esophageal cancer. They 
noted that the T and N classifi cations and the defi ned 
stage groupings were monotonic, but they found a lack 
of homogeneity in the T1 classifi cation, noting signifi -
cant survival differences for tumors limited to the lam-
ina propria (T1a) compared to tumors that involved 
the submucosa (T1b). For reasons noted previously, 
they also noted a lack of homogeneity in patients clas-
sifi ed as having N1 disease, with a signifi cant decrease 
in survival as the number of regional node metastases 
increased. They also demonstrated a lack of distinctive-
ness between several of the stage groupings as currently 

defi ned, with signifi cant differences in survival between 
stages I, IIA, and III but no difference between stage IIB, 
III, and IV disease. On the basis of these observations, 
they recommended a number of revisions to the stage 
groupings, as summarized in Table 25.5. 

 Staging after Neoadjuvant Therapy 

 With the recent increase in popularity of combined 
modality therapy in esophageal cancer, questions have 
arisen regarding the adequacy of the current staging sys-
tem in predicting outcome after neoadjuvant therapy. It 
has been shown that although pTNM status following 
neoadjuvant therapy is an independent predictor of out-
come after resection, the current staging system results 
in several stage groupings that are not distinctive (46). 
To address this shortcoming, these authors proposed 
an assessment of the extent of response to neoadjuvant 
therapy for inclusion into the staging system (47). The 
problem with this proposal is that it results in a classifi -
cation scheme with 18 separate stage groupings, which 
is both cumbersome to use and diffi cult to translate into 
the context of existing AJCC staging systems. Using re-
cursive partitioning analysis, Rizk et al. (48) developed 
2 different classifi cation schemes that are easier to use in 
the neoadjuvant setting since they defi ne only 6 separate 
stage groupings. The problem with these proposed revi-
sions is that they result in at least 2 stage groupings for 
which the predicted survival is not distinctive. Further 
work involving larger numbers of patients from multiple 
institutions may resolve these issues. 

 SUMMARY 

 The current staging system for esophageal cancer as de-
fi ned by the AJCC has several inadequacies that need to 
be addressed on the basis of the available literature re-
garding outcome after current therapy. Future revisions 
to the staging system should consider inclusion of GEJ 
cancers as esophageal in origin, and they must take into 
account the number of lymph nodes involved (or the 
LNR). Multi-institutional data from high-volume cen-
ters around the world should be analyzed to best defi ne 
the thresholds for the extent of lymph node involvement 
and the ideal system for stage groupings for patients un-
dergoing primary surgical resection and a neoadjuvant 
therapy approach to treatment. 

TABLE 25.5 
Proposed Revisions to the Staging System for 

Esophageal Cancer

Stage
Ellis et al. 

(25)
Korst et al. 

(40) Rice et al. (2)

0 Tis N0 M0 T0 N0 M0, Not applicable

T1 N0 M0 Tis N0 M0

I T1 N1 M0, T1 N0 M0, Tis (HGD),

T2 N0 M0 T2 N0 M0 T1 N0 M0

IIA T3 N0 M0

T2 N1 M0,
T3 N0 M0

T1 N1 M0 T1b N0 M0, 
T1a N1 M0, 
T2 N0 M0

IIB T2 N1 M0 
T3 N1 M0

III T3 N1 M0, 
any T N2 M0

T1-3 N2 M0 T3 N0 M0, T1b/
T2 N1 M0, 
T3 N1 M0, T4 N0 
M0

IV Any T, any N 
M1

T4, any N M0, 
any T, any N 
M1

T4 N1 M0, any T 
N2 M0, 
any T, any N M1
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  26    Rationale for Tailored 
Treatment 

 Georg Lurje 
 Heinz-Josef Lenz 

ancers arising from the esophagus 
are relatively uncommon in the 
United States. In 2007, an esti-
mate of 13,900 new cases will be 
diagnosed, and more than 90% 

will die of their disease (1). Esophageal cancer is cur-
rently the most rapidly increasing cancer in the West-
ern world and is coinciding with a shift in histologic 
type and primary tumor location (2–5). Despite re-
cent improvements in the detection, surgical resection, 
and (radio-) chemotherapy, the overall survival (OS) 
of esophageal cancer remains poor. It is becoming in-
creasingly apparent that neoadjuvant chemoradiation 
followed by surgery may be benefi cial in terms of in-
creasing resectability and overall survival compared 
to surgery alone. However, selection of the most ben-
efi cial treatment strategy in esophageal cancer remains 
a challenge and is hindered by the lack of predictive 
and prognostic markers. The introduction of “targeted 
therapies” that aim to inhibit specifi c molecular signal 
transduction pathways will increase our treatment op-
tions in esophageal cancer. Even though the develop-
ment of biologic agents for esophageal carcinoma is still 
in its infancy, encouraging results have been reported 
with antibodies directed at the epidermal growth factor 
receptor (EGFR) and vascular endothelial growth fac-
tor (VEGF) ligand. A multimodal approach,  including 

surgery, chemoradiotherapy, and “targeted agents” 
alone or in combination, will be necessary to improve 
the outlook for patients with this disease. The develop-
ment of molecular markers as an adjunct to traditional 
staging systems will be critical in selecting more effi -
cient treatment strategies with the means of tailoring a 
targeted and effective therapy to the molecular profi le 
of both the patient and the tumor while minimizing and 
avoiding life-threatening toxicities. 

 Esophageal adenocarcinoma (EA) is now more 
prevalent than squamous cell carcinoma (SCC), and 
most tumors are located in the distal esophagus (2–5). 
While risk factors for SCC of the esophagus have been 
identifi ed (e.g., tobacco, alcohol, diet), the risk factors 
associated with EA are less clear. The presence of Bar-
rett’s esophagus (BE) is associated with an increased risk 
of developing EA, and gastroesophageal refl ux disease 
(GERD) is considered the predominant cause of Barrett’s 
metaplasia (6–9). 

 Despite recent improvements in the detection 
(10–12), surgical resection (13–15), and neo-adjuvant 
radiochemotherapy (16,17), OS of esophageal can-
cer remains lower than other solid tumors. Further, 
esophageal cancer is regarded as a treatable but rarely 
curable disease with an estimated 5-year OS of 5% 
to 30% (1,18). At the time of diagnosis, 2 of 3 pa-
tients will have tumors that are considered inoperable 

 C
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because of comorbidities or tumor extension. Tradi-
tionally, surgical resection has offered the best hope 
for prolonged survival, even though surgical resection 
will only cure 15% to 20% of patients with seemingly 
localized esophageal cancer (18). Until recently, there 
was concern that the morbidity and mortality asso-
ciated with primary resection of an esophageal car-
cinoma could outweigh the likelihood of a long-term 
benefi t. This concern has been addressed through the 
development of improved surgical techniques and bet-
ter postoperative care (13–15). 

 Despite these recent advancements, selection of the 
most benefi cial treatment strategy in esophageal can-
cer remains a challenge and is hindered by the lack of 
predictive and prognostic markers. A multidisciplinary 
approach, including surgery, radiotherapy, and chemo-
therapy, alone or in combination, will be necessary to 
improve the outlook for patients with this disease. In 
addition, the high incidence of tumor drug resistance re-
mains a major stumbling block for effective cancer treat-
ment. In recent years, research efforts on a global scale 
have attempted to identify subsets of molecular markers 
that can predict both response to neoadjuvant treatment 
and prognostic markers to assess the aggressiveness of 
the disease and the likelihood of recurrence after sur-
gery. The science of pharmacogenomics is emerging as a 
useful molecular tool to investigate the disparity in drug 
effi cacy by simultaneous analysis of variables in the pa-
tient and the disease, such as genetic polymorphisms in 
drug targets, metabolizing enzymes, transporters, and 
infl uential receptors (19). Accordingly, the development 
of validated predictive and prognostic markers not only 
may be helpful in identifying patients who are at high 
risk but also will be critical in selecting more effi cient 
treatment strategies with the means of a targeted and 
effective therapy to the molecular profi le of both the pa-
tient and the disease while minimizing and avoiding life-
threatening toxicities. 

 BIOLOGY OF ESOPHAGEAL CANCER 

 More than 90% of esophageal cancers occur in 2 major 
histologic forms: SCC and EA. SCC occurs in more than 
80% of cases in chronic tobacco smokers and is further 
potentiated by heavy alcohol consumption (20). Other 
known risk factors for SCC include Plummer-Vinson 
syndrome, scleroderma, achalasia, and nutritional fac-
tors, such as the presence of nitrosamines in the food 
or vitamin defi ciency (21,22). In contrast to SCC, the 
most important risk factor for the development of EA is 
the presence of columnar-lined esophagus, also known 
as BE. It is estimated that up to 90% of all EA arise 
from BE, and the presence of BE is associated with an 

increased risk of EA by a factor of 30 to 125. Although 
the development of BE represents an acquired pathologic 
response to duodenogastroesophageal refl ux, hereditary 
and genetic changes may contribute to the carcinogen-
esis because the majority of patients with GERD do 
not develop BE (23). Approximately 70% of all EA are 
found in the distal esophagus, whereas SCC are more 
commonly located within the middle and upper third 
(24,25). 

 Despite ongoing efforts to characterize the molecu-
lar and morphologic changes of esophageal carcinoma, 
its pathogenesis remains poorly understood. SCC and 
EA may share some biologic features; however, it is 
being increasingly recognized that SCC and EA are sepa-
rate and distinct disease groups in terms of molecular bi-
ology, comorbidities, and treatment and therefore need 
to be considered individually (26,27). EA development 
is regarded as a multistep process that starts with the 
mucosal injury of the squamous epithelium of the distal 
esophagus by GERD and progresses through intestinal 
metaplasia and dysplasia to invasive adenocarcinoma 
(28). Numerous molecular events associated with this 
metaplasia-dysplasia-adenocarcinoma sequence have 
recently been identifi ed (7,8). In vivo studies suggest 
that oxidative damage from factors such as smoking 
or GERD, which cause infl ammation and consecutive 
esophagitis with increased cell turnover, may initiate 
a carcinogenic process that ultimately leads to EA. In 
this regard, Lagergren et al. reported that symptomatic 
GERD is a major risk factor for EA and that the fre-
quency, severity, and duration of refl ux symptoms are 
strongly associated with malignant transformation of 
the esophageal mucosa (9). Prior to macroscopic or even 
microscopic evidence of infl ammatory damage, there are 
molecular changes occurring within the mucosal cells. 
These molecular changes result in alterations in the ex-
pression of genes that affect cellular integrity, prolifera-
tion, and migration. Recently, acid refl ux disease has 
been shown to alter gene expression of infl ammatory 
and carcinogenic genes in the esophageal mucosa (8,29). 
In fact, overexpression of interleukin-8 (IL-8) and 
cyclooxygenase-2 (COX-2) was recently reported to rep-
resent one of the earliest changes associated with GERD 
and esophageal cancer development (8,29–31). In vivo 
studies about severe refl ux in rodents reported that in-
hibition of COX-2 with selective inhibitors resulted in 
a reduced rate of intestinal metaplasia and cancer de-
velopment (32,33). Chemoprevention strategies might 
therefore be applied earlier in the neoplastic process, 
since the use of selective COX-2 inhibitors may prevent 
progression of disease at an early stage (34–36). In ad-
dition to their potential as chemoprevention, several 
phase II trials have recently been reported with combi-
nations of COX-2 inhibitors and concurrent chemora-
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diotherapy for locally advanced esophageal cancer. Even 
though preliminary, reports from these studies revealed 
encouraging complete pathologic response rates of 44% 
with no increased risk for thrombembolic events (37). 

 The potential infl uence of histology and molecu-
lar biology has been largely ignored in clinical trials of 
treatment for esophageal cancer, mainly because histol-
ogy infl uences neither the surgical technique nor the 
prognosis after radical surgery alone. With the use of 
nonsurgical approaches, histology and molecular bio-
logy could have a more important infl uence on outcome. 
The molecular biology of a SCC induced by alcohol and 
tobacco is likely to be very different from that of an ad-
enocarcinoma arising from BE. Furthermore, differences 
in molecular biology may have implications for response 
rates after chemotherapy, radiotherapy, or chemoradia-
tion. A better selection of patients, based on the unique 
molecular profi le of both the patient and the tumor, will 
be critical in selecting more effi cient treatment strategies 
with the means of tailoring a targeted and individualized 
treatment approach. 

 MANAGEMENT OF ADVANCED 
ESOPHAGEAL CANCER 

 More than 50% of patients present with metastatic or 
unresectable esophageal cancer. Even though chemo-
therapy is considered palliative, both SCC and EA of the 
esophagus are responsive to chemotherapy. However, 
clinical and radiographic responses typically last no lon-
ger than 4 months, and survival is short, rarely exceed-
ing 1 year (18,38). 

 Although a survival benefi t has yet to be proven 
with chemotherapy in advanced esophageal cancer, che-
motherapy is considered to improve quality of life and 
dysphagia in 60% to 80% of patients (39–42). Shrink-
age of the tumor typically occurs in 15% to 30% of pa-
tients who are treated with single-agent 5-FU, taxanes 
(Paclitaxel or Docetaxel), or irinotecan. Thus, combi-
nation regimens, containing cisplatin, tend to produce 
higher response rates (30%–57%) (39–41,43–46), and 
the median survival time remains less than 10 months. 
Therefore, the therapeutic benefi t of more intense com-
bination therapies should be balanced against its greater 
potential for toxic side effects. 

 Recently, advances in molecular pharmacology have 
refi ned the understanding of the mechanisms of action 
of drugs and resistance to chemotherapy. Several mecha-
nisms of resistance have been identifi ed among the most 
commonly used agents in the treatment of patients with 
esophageal cancer (5-FU, cisplatin). Numerous studies 
have shown that an increased gene expression of thymi-
dylate synthase (TS) and excision cross-complementing 

gene 1 (ERCC1) is associated with a decrease in survival 
and increase of chemoresistance to neoadjuvant chemo-
radiotherapy (47–49). However, further validation in 
biomarker-embedded and prospective clinical trials is 
needed. 

 The development of molecular markers of progno-
sis and novel targeted therapies will enable oncologists to 
tailor patient specifi c chemotherapy regimens by maxi-
mizing drug effi cacy and minimizing adverse and pos-
sibly severe side effects. 

 MANAGEMENT OF LOCALLY 
ADVANCED ESOPHAGEAL CANCER 

 Surgery 

 Surgical resection is the standard treatment option for 
esophageal cancer, usually undertaken either by a right 
transthoracic or a transhiatal approach. Transthoracic 
resection involves a laparotomy and right-sided tho-
racotomy, leading to an esophagogastric anastomosis 
either in the upper chest (Lewis-Santy) or in the neck. 
Although this approach allows en bloc resection of 
the tumor and lymph nodes under sight, this approach 
increases the risk of cardiopulmonary complications 
(18,50). The transhiatal approach uses a laparotomy 
with blunt dissection of the thoracic esophagus and cer-
vical anastomosis, a procedure that carries a higher risk 
for fi stula formation and vocal cord paralysis (50). 

 Because locoregional recurrence after esophagec-
tomy typically results in rapid death from cancer, local 
control remains one of the primary goals of therapy 
for this disease. Although the optimum procedure for 
esophageal cancer is still a subject of ongoing debate, 
transthoracic en bloc esophagectomy with gastroplasty 
and 2-fi eld lymphadenectomy is currently considered the 
procedure of choice worldwide for patients with resect-
able middle to lower third esophageal carcinoma (16,50). 
Poor survival with surgery alone in patients with large 
tumors and advanced localized disease (stages IIB–III) 
prompted investigation into the use of neoadjuvant che-
motherapy or chemoradiotherapy in addition to surgical 
resection. Neoadjuvant and adjuvant chemotherapy and 
radiation are intended to eliminate residual micrometa-
static disease, decrease cancer-cell dissemination during 
surgical intervention, and fi nally improve OS. 

 Neoadjuvant Chemotherapy Followed by 
Surgical Resection 

 The rationale for neoadjuvant treatment of esophageal 
cancer is similar to that for many other tumors. Even 
though only 20% to 30% of tumors will show complete 
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pathologic response, resection of responsive tumors may 
be accomplished with less morbidity and sacrifi ce of ad-
jacent organs. Some tumors that are deemed unresectable 
may become resectable. In addition, manipulation of 
smaller, treated tumors may result in less intraoperative 
dislodgement of viable tumor cells, and early treatment of 
distant micrometastatic disease may improve oncologic 
outcome. Furthermore, progression, particularly distant 
progression, of patients on neoadjuvant treatment may 
indicate the futility of surgery in these patients. 

 Neoadjuvant chemotherapy, based on 5-fl uoro-
uracil (5-FU) and cisplatin, was compared with surgery 
alone in esophageal cancer in multiple randomized clini-
cal trials (51–54). Only 1 trial, the UK Medical Research 
Council (MRC-OE02) trial from England (51), showed 
better OS in the chemotherapy group compared with 
the surgery-alone group. However, several details of 
the MRC-OE02 trial are worth reviewing. Preopera-
tive computed tomography assessment to detect tumor 
extension and specifi c surgical techniques along with 
quality control of the surgery were not imposed, as an 
outstanding 17% of patients left the operating room 
with no surgical resection of the tumor. Furthermore, a 
most recent meta-analysis by Malthaner et al. showed 
that preoperative chemotherapy plus surgery did not 
offer a survival advantage over surgery alone for re-
sectable thoracic esophageal cancer (55). However, the 
Medical Research Council Adjuvant Gastric Infusional 
Chemotherapy trial has recently shown that periopera-
tive chemotherapy—chemotherapy given both before 
and after surgery—can also provide a signifi cant survival 
benefi t. The investigators suggested that a perioperative 
chemotherapy regimen would have advantages over 
postoperative chemotherapy alone, including increasing 
the likelihood of curative resection by downstaging the 
tumor, eliminating micrometastases, rapidly improving 
tumor-related symptoms, and determining whether the 
tumor is sensitive to chemotherapy (56). Another re-
cent intergroup trial (RTOG trial 8911), conducted by 
Kelson and colleagues led to similar conclusions (54). 
The authors demonstrated that disease-free survival and 
OS strongly depend on performance of a complete re-
section, including negative microscopic margins, and 
that the presence of residual disease is a strong predic-
tor of poor outcome. While preoperative chemotherapy 
decreased the incidence of R1 resections, the authors 
report that OS was not improved in the preoperative 
chemotherapy arm compared to the surgery alone (54). 
However, patients with complete pathologic response to 
neoadjuvant chemotherapy were reported to have a sig-
nifi cant survival benefi t, which is in accordance to previ-
ous reports (57). 

 Since only patients with a complete pathologic re-
sponse to neoadjuvant therapy will have a signifi cant 
survival benefi t, the identifi cation of validated predictive 

markers is critical in successfully selecting patients who 
will benefi t from this therapy. 

 Neoadjuvant Radiotherapy Followed by 
Surgical Resection 

 Five randomized clinical trials investigating neoadju-
vant radiotherapy followed by surgery compared to sur-
gery alone have been reported (58–62). Only 1 study 
reported a 3-year survival advantage in patients receiv-
ing neoadjuvant radiotherapy (62). However, a recent 
meta-analysis of 5 randomized clinical trials analyzing 
data from 1,147 patients did not show any signifi cant 
survival benefi t for patients receiving neoadjuvant radio-
therapy (63). Therefore, preoperative radiotherapy does 
not have a role in the treatment of resectable esophageal 
cancer. 

 Neoadjuvant Chemoradiotherapy Followed 
by Surgical Resection 

 There are 3 major advantages of neoadjuvant chemo-
radiation. First, chemotherapy could reach (micro-)me-
tastases outside the radiation fi eld; second, preoperative 
chemoradiation could decrease the rate of locoregional 
recurrences; and, third, local effi cacy of radiotherapy 
could be enhanced by a radiosensitization effect, as de-
scribed for the 3 most commonly used chemotherapeu-
tic drugs: cisplatin, 5-FU, and mitomycin (50,64). 

 To date, 8 randomized phase III clinical trials 
(62,65–71) have been reported, and out of these, only 
1 single institution clinical trial, conducted by Walsh 
et al., showed a signifi cant survival benefi t from neo-
adjuvant chemoradiation therapy compared to surgery 
alone (67). Because only 2 trials included a large enough 
number of patients to achieve adequate statistical power, 
the Cancer and Leukemia Group B (CALGB) attempted 
to complete a large defi nitive trial (CALGB 9781) of cis-
platin, 5-FU, and radiation followed by surgery versus 
surgery alone. However, only a total of 56 patients were 
entered on the study when the trial was closed because 
of poor patient accrual (72). Preliminary data presented 
at the 42nd annual meeting of the American Society of 
Clinical Oncology reported a long-term survival benefi t 
with the use of neoadjuvant chemoradiation followed 
by surgery in the treatment of esophageal cancer (72). 
However, publication of these results is awaited because 
only 56 of the expected 500 patients have been included 
and information on tumor stage is not available. Two 
recent meta-analyses of the previously mentioned clinical 
trials have been published, and both concluded that pre-
operative chemoradiation followed by surgery is supe-
rior compared to surgery alone (73,74). The most recent 
meta-analysis by Gebski et al. analyzed 8 randomized 
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clinical trials consisting of 1,724 patients and compared 
neoadjuvant chemotherapy followed by surgery with 
surgery alone (74). The authors concluded that trimodal-
ity treatment with neoadjuvant chemoradiation followed 
by surgery is benefi cial for patients with early and locally 
advanced esophageal carcinoma (74). 

 A review of the trials allows several comparisons 
to be made and a few conclusions to be reached. First, 
it has been well established that only patients with a 
complete pathologic response to neoadjuvant therapy 
will have a signifi cant survival benefi t (57,75). Further, 
neoadjuvant chemoradiation is suitable for local dis-
ease control, since preoperative chemoradiation was 
reported to increase complete surgical resection as a re-
sult of treatment-dependent downstaging. In addition, 
a review of the literature does not show a signifi cant 
postoperative increase in morbidity and mortality asso-
ciated with neoadjuvant chemoradiotherapy. Moreover, 
the results of the previously mentioned clinical trials 
highlight the imminent need for predictive markers of 
response to neoadjuvant chemotherapy. Recently, mo-
lecular markers like ERCC1 and TS have been identi-
fi ed as highly specifi c to predict minor response to 
neoadjuvant chemotherapy regimens (49,76). However, 
these reports are preliminary, and further validation in 
biomarker-embedded and prospective clinical trials is 
warranted. 

 To conclude, there is strong evidence that neo-
adjuvant chemoradiation followed by surgery may be 
benefi cial in terms of increasing respectability and OS 
compared to surgery alone. However, the results are not 
yet conclusive, and since only patients with a complete 
pathologic response were shown to have a clear survival 
benefi t of neoadjuvant chemoradiotherapy, the develop-
ment of validated predictive markers as an adjunct to 
traditional staging systems will be critical in selecting 
more effi cient treatment strategies with the means of tai-
loring a targeted and effective therapy to the molecular 
profi le of both the patient and the tumor while minimiz-
ing and avoiding life-threatening toxicities. 

 Positron-Emission Tomography–Guided 
Induction Chemotherapy 

 Recently, neoadjuvant treatment followed by surgery has 
become an accepted choice for locally advanced esopha-
geal carcinomas (51,66,73,74). However, there is an on-
going debate as to which subgroup of patients should be 
offered neoadjuvant treatment (77–79). It is becoming 
increasingly apparent that only patients with a complete 
pathologic response to neoadjuvant therapy will have a 
signifi cant survival benefi t (80). From the surgical point 
of view, chemotherapy should therefore not be adminis-
tered to nonresponding patients since it may cause fatal 

delay of a potentially curative surgery (17,77). In addi-
tion, the safety of surgery of neoadjuvant chemoradio-
therapy has been repeatedly called into question, even 
though most trials did not show a signifi cant postop-
erative increase in morbidity and mortality associated 
with neoadjuvant chemoradiotherapy (74). Although 
histopathologic response remains the most important 
prognosticator, identifying patients with chemosensitive 
disease before completion of neoadjuvant treatment has 
not been possible yet. Therefore, there is an urgent need 
for prospectively validated and reliable predictive mark-
ers to allow tailored (radio-) chemotherapy to increase 
the number of complete pathologic responses following 
neoadjuvant approaches. 

 18-Fluorodeoxyglucose-positron emission tomog-
raphy ([ 18 F] FDG-PET) has been become generally 
available within the past decade. The assessment of 
FDG-PET-guided glucolytic activity of the tumor has 
provided further high-resolution imaging by evaluating 
the locoregional and distant extent of the disease. More 
recently, glucose uptake by use of FDG-PET has yielded 
reproducible results that are useful not only for predict-
ing early clinical and histopathologic response to induc-
tion chemotherapy but also and more importantly for 
predicting improvements in survival after esophagectomy 
(11,12,17,81–83). Most recently, Lordick et al. presented 
the fi rst clinical trial that prospectively incorporated re-
sponse measured by PET (“metabolic response”) into 
a treatment algorithm for the management of distal 
EA (Siewert I) and carcinomas of the gastric cardia 
(Siewert II) (12). The investigators could show that 
PET-guided induction chemotherapy and assessment of 
early “metabolic response” is feasible and might unmask 
tumors with an unfavorable biology and poor clinical 
prognosis. In addition, early discontinuation of induction 
chemotherapy for patients who were “nonmetabolic re-
sponders” did not show adverse effect in terms of overall 
clinical outcome (12). However, randomized and multi-
center phase III clinical trials are warranted before imple-
menting FDG-PET-guided induction chemotherapy into 
routine clinical practice. 

 MOLECULAR MARKERS AND BIOLOGIC 
AGENTS: DEFINING THEIR ROLE 

 Improvements in surgical resection, postoperative care, 
and chemoradiotherapy have had a modest impact on 
the morbidity and mortality associated with esophageal 
cancer. The introduction of novel biologic agents that 
target receptor-mediated tumor processes have shown 
promise to provide meaningful clinical benefi t in patients 
with colorectal and lung cancer (84–90). However, our 
knowledge of the precise mechanisms of action, resis-
tance, and optimal scheduling and  administration of 
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these agents is still in its infancy. A greater understand-
ing of these issues will assist in identifying the population 
of patients who will benefi t from these agents. This will 
not only ensure effi cacy and increase histopathologic re-
sponse rates but also justify the additional fi nancial bur-
den incurred in a therapeutic strategy that incorporates 
a biologic agent and will represent a major advancement 
in individualized esophageal cancer treatment. 

 Over the past decade, a number of novel targets 
have been identifi ed as potential predictive and prog-
nostic markers. These include growth-factor receptors 
(91–95), enzymes of angiogenesis (96–101), tumor sup-
pressor genes (102–107), cell cycle regulators (105,107–
109), and enzymes involved in the DNA repair system 
(47,49,110) and in the degradation of extracellular ma-
trix (111–113). The results of these mainly retrospective 
studies are promising, but prospective and biomarker-
embedded clinical trials are needed to confi rm and vali-
date their predictive and prognostic value. Clinical trials 
are in various stages of development incorporating these 
new agents (monoclonal antibodies, tyrosine kinase in-
hibitors, COX-2 inhibitors), but to date the available 
clinical data have been limited. 

 Targeting the Epidermal Growth 
Factor Receptor 

 One of the most promising targets is the Epidermal 
Growth Factor Receptor (EGFR), a member of the type I 
receptor tyrosine kinase family. EGFR is overex pressed 
in a variety of malignancies, including up to 92% of 
esophageal cancers, and is associated with tumor pro-
gression and poor prognosis (48,92,94,114,115). Ac-
tivation of the epidermal growth factor (EGF)/EGFR 
axis triggers multiple signaling pathways that result 
in endothelial cell proliferation, apoptosis, angio-
genesis, and metastasis (116). Conversely, inhibition 
of the EGFR pathways with anti-EGFR monoclonal 
antibodies was reported to block cell cycle progres-
sion and induce apoptosis in numerous in vitro and 
xenograft models (20,117,118). Multiple phase II/III 
clinical trials demonstrated that cetuximab has prom-
ising effi cacy in patients with metastatic colon cancer 
(mCRC) and locally advanced head and neck cancers 
(85,87,119). 

 Given these encouraging results from the colorec-
tal and head and neck cancer trials, research on a global 
scale is evaluating the effi cacy of monoclonal antibody 
inhibition of EGFR in esophageal cancer patients. In a 
recent retrospective analysis, Wilkinson et al. demon-
strated that poorly differentiated adenocarcinomas of 
the esophagus demonstrated higher EGFR expression 
compared to low-grade tumors based on immunohisto-
chemical (IHC) analysis (120). In addition, Kitagawa and 

colleagues showed that the cumulative survival rate for 
patients with EGFR gene amplifi cation in the primary tu-
mors was signifi cantly lower than that for patients with-
out amplifi cation ( P  < 0.001). A signifi cant correlation 
was observed between extensive lymph node involve-
ment at the time of surgery and EGFR gene amplifi cation 
( P  < 0.05) (121). 

 Cetuximab (Erbitux®™, C255, Bristol-Myers 
Squib, Princeton, NJ) is a chimeric IgG1 anti-EGFR 
monoclonal antibody that binds to the extracellular do-
main of the EGFR and prevents ligand binding and ac-
tivation of downstream events, such as endothelial cell 
proliferation, apoptosis, angiogenesis, and metastasis 
(116). Several phase I/II clinical trials are ongoing, and 
the results of these are awaited. SWOG 0414 (South-
western Oncology Group) is an ongoing prospective 
phase II clinical trial that has already completed patient 
accrual and is seeking to evaluate clinical outcome in pa-
tients with surgically or medically unresectable locally 
advanced esophageal cancer (T4M0) (122). All patients 
received chemoradiotherapy (cisplatin, CPT-11) with 
the addition of cetuximab. Other trials include SWOG 
0415, which is evaluating the effi cacy of cetuximab as 
a second-line therapy in patients with metastatic esoph-
ageal adenocarcinoma (123). The Memorial-Sloan 
Kettering Cancer Center is exploring cetuximab in iri-
notecan/cisplatin-refractory patients with metastatic 
disease (124). Recently, the Dana-Farber Cancer Insti-
tute reported preliminary data at the 42nd annual meet-
ing of the American Society of Clinical Oncology for 
the combination of cetuximab with irinotecan/cisplatin 
and radiation as preoperative therapy in esophageal can-
cer (125). Even though preliminary, the authors report 
a lower pathologic complete response rate and higher 
overall toxicity than anticipated. At the same meeting, 
Suntharalingam et al. presented preliminary but promis-
ing results of a phase II study of cetuximab with chemo-
radiation for patients with esophagogastric carcinomas 
(126). Thus far, 30 patients have completed treatment 
and were evaluable for clinical and pathologic complete 
response. Eighteen of 27 patients (67%) have had clini-
cal complete response. Seven patients out of 16 (43%) 
who have gone to surgery have had a pathologic com-
plete response. The authors concluded that cetuximab 
can be safely administered with chemoradiation for pa-
tients with esophageal cancer. However, patient accrual 
is ongoing, and fi nal results are awaited. 

 Until now, there have been only a few clinical and 
potential molecular markers that can identify patients 
who will most likely benefi t from this therapy. Multiple 
groups in Europe and the United States are investigat-
ing why some patients show response to EGFR-targeted 
treatment and others show progressive disease. Re-
cently, our group tested mRNA gene expression levels 
and germ-line polymorphisms within the EGF/EGFR 
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signaling pathway in patients with mCRC treated with 
single agent cetuximab (ImClone 0144) (86). Intra-
tumoral overexpression of VEGF was associated with 
resistance to cetuximab, whereas low expression levels 
of COX-2, EGFR, and IL-8 were signifi cantly associated 
with improved OS (127). In addition, numerous stud-
ies reported that k-ras mutations were shown to have 
a major predictive impact on effi cacy of EGFR targeted 
treatment regimens. In fact, mCRC patients with wild-
type k-ras showed a higher disease control rate (48%) 
on cetuximab treatment than patients with k-ras muta-
tions (10%) (128,129). However, the value of k-ras mu-
tational analysis in esophageal carcinoma has yet to be 
determined. 

 Even though preclinical and early phase I/II stud-
ies are promising, further randomized and biomarker-
embedded clinical trials are warranted before introducing 
k-ras mutational analysis and other predictive markers into 
routine clinical practice. 

 Targeting the HER-2/neu Receptor 

 The HER-2/neu gene (cERBB2) is part of a 4-member 
family of ErbB receptors and belongs to the type 1 re-
ceptor tyrosine kinase family (130). The ErbB receptors 
consist of 4 transmembrane glycoproteins (ErbB1-
ErbB4), and ErbB2 is the preferred dimerization part-
ner of Trastuzumab (Herceptin®™; Genentech, Inc., 
San Francisco, CA), a fully humanized anti-185 HER2 
monoclonal antibody. Amplifi cation of the HER-2/neu 
antigen has been identifi ed in up to 30% of invasive 
breast cancer patients and increases the aggressiveness 
of the tumor (131). Cobleigh et al. reported a response 
rate of 15% in patients with metastatic and HER-2/neu-
overexpressing breast cancer treated with trastuzumab 
(132). Consequently, trastuzumab was approved by the 
Food and Drug Administration for the treatment of 
HER-2/neu-overexpressing and metastatic breast can-
cer (133). 

 Small series have suggested that HER-2/neu am-
plifi cation as determined by IHC or fl uorescence in situ 
hybridization is similar in esophageal carcinomas to 
that of breast cancer (134,135). In addition, Ross et al. 
reported that HER-2/neu overexpression is associated 
with tumor progression and poor response to neoad-
juvant chemotherapy (136). HER-2/neu is therefore a 
potential target in esophageal cancers, particularly as 
part of a multimodality treatment regimen. In a recent 
phase I/II trial of weekly trastuzumab, paclitaxel, cis-
platin, and radiation in patients with locally advanced 
adenocarcinoma of the esophagus, Safran et al. could 
show that HER-2/neu was overexpressed in 12 out of 
36 (33%) patients with locally advanced EA. Further, 
the investigators concluded that trastuzumab can be 

safely incorporated into concurrent chemoradiotherapy 
regimens without increasing side effects such as cardio-
toxicity and esophagitis (135). Nevertheless, further 
investigation of trastuzumab in HER-2-overexpressing 
esophageal cancer is warranted. 

 Targeting VEGF 

 VEGF is one of the most important activators of tumor 
associated angiogenesis (137). Activation of the VEGF/
VEGF-receptor axis triggers multiple signaling  pathways 
that result in endothelial cell survival, mitogenesis, mi-
gration, differentiation, vascular permeability, and 
mobilization of endothelial progenitor cells (138). Over-
expression of VEGF mRNA and protein has been asso-
ciated with tumor progression and poor prognosis in a 
variety of malignancies, including esophageal carcinoma 
(98,139–144). 

 Bevacizumab (Avastin©™, Genentech, Inc.) is a 
humanized monoclonal antibody to VEGF that binds to 
all isoforms with high affi nity and prevents the binding 
of VEGF to its receptor. Numerous clinical trials with 
bevacizumab in solid tumors are ongoing or completed, 
and activity has so far been shown against colon, renal 
cell, non–small cell lung, ovarian, and breast cancer 
(145–148). For esophageal cancer, bevacizumab is in the 
early stages of development. Nevertheless, early reports 
from a multicenter phase II clinical trial are encouraging. 
In fact, Shah et al. reported preliminary results showing 
that the addition of bevacizumab to CPT-11 and cispla-
tin appears to be active (87% partial response or stable 
disease) in metastatic adenocarcinoma of the esophagus 
(149). However, the trial was stopped because of in-
creased incidences of thrombembolic events and associ-
ated bowel perforations. 

 CONCLUSION 

 It is becoming increasingly apparent that neoadjuvant 
chemoradiation followed by surgery may be benefi cial 
in terms of increasing resectability and OS compared 
to surgery alone. Selection of the most benefi cial treat-
ment strategy in esophageal cancer remains a challenge 
and is hindered by the lack of predictive and prognostic 
markers. The goal is to identify predictive markers to 
increase complete pathologic response rates in patients 
treated with neoadjuvant chemoradiotherapy and to 
identify prognostic markers to possibly select patients 
for adjuvant chemotherapy who are at high risk for 
tumor recurrence. In fact, several biomarkers (ERCC1, 
TS, p53) have been evaluated over the past decades, 
and it is becoming increasingly apparent that disease 
progression is driven largely by complex pathways and 
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that analysis of 1 single marker is unlikely to precisely 
predict progression of disease with suffi cient resolu-
tion and reproducibility. The introduction of “targeted 
therapies” that aim to inhibit specifi c molecular signal 
transduction pathways will increase our treatment op-
tions in esophageal cancer. Even though the develop-
ment of biologic agents for esophageal carcinoma is still 
in its infancy, encouraging results have been reported 
with antibodies directed at the EGFR and VEGF ligand. 

A multimodal approach, including surgery, chemora-
diotherapy, and “targeted agents” alone or in combi-
nation, will be necessary to improve the outlook for 
patients with this disease. The development of validated 
molecular markers will be critical in selecting more ef-
fi cient treatment strategies with the means of tailoring 
a targeted and effective therapy to the molecular profi le 
of both the patient and the tumor while minimizing and 
avoiding life-threatening toxicities.   
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sophageal cancer is the ninth most 
frequent cancer in the world and 
the fi fth most frequent cancer in de-
veloped countries (1). In the United 
States, the incidence of esophageal 

cancer was 14,550 and accounted for 13,770 cancer 
deaths in 2006 (2). The incidence of esophageal cancer 
has increased in recent years, outstripping all other solid 
tumors (3–5), largely because of a dramatic increase 
in the incidence of adenocarcinoma (AC) of the distal 
esophagus and gastroesophageal junction (GEJ) (6). 

 AC and squamous cell carcinoma (SCC) are the 2 
main histologic types of esophageal cancer. Historically, 
the 2 subtypes have been managed as a single disease 
entity because prognosis was similar. Two decades ago, 
AC accounted for only 5% and SCC for approximately 
90% of all esophageal tumors (1). Although the inci-
dence of SCC has increased over the past several decades 
in the United States, there has been a profound epidemi-
ological shift in esophageal cancers as a result of a 350% 
increase in AC between 1974 and 1994, now accounting 
for 60% of all esophageal cancers (7). This epidemio-
logical shift refl ects a change in etiology of the disease, 
with SCC being associated mainly with the chronic ir-
ritation of the esophageal mucosa secondary to smok-
ing and alcohol consumption. Other risk factors include 
achalasia, diverticulae, and caustic strictures. On the 
other hand, the increase in AC mirrors an increase in 

Barrett’s metaplasia, a preneoplastic condition induced 
by chronic gastroesophageal refl ux (8,9). Barrett’s meta-
plasia is a prerequisite for the development of AC of 
the GEJ and distal esophagus (10). The relationship of 
Barrett’s metaplasia to AC explains the increased inci-
dence of AC relative to SCC and explains the shift of the 
site of primary tumors to the distal esophagus and GEJ 
(10,11). Debate regarding the differences or similarities 
of AC of the distal esophagus (type I GEJ) versus GEJ 
(type II GEJ) and gastric cardia (type III GEJ) has oc-
curred (12,13) in relation to the optimal treatment ap-
proach (12) and is discussed in detail in a later section 
of this chapter. 

 Despite substantial improvements in screening, di-
agnosis, and treatment of esophageal cancer, the progno-
sis is bleak. Surgery has been the cornerstone of treatment 
for esophageal cancer, and adequate negative margins 
are the key to curative resection (14). Unfortunately, ap-
proximately 2 of 3 patients have unresectable or inoper-
able disease at the time of diagnosis, secondary to either 
tumor extension or comorbid disease (15). Moreover, it 
is estimated that only 15% to 20% of all esophageal pa-
tients are actual surgical candidates when considering all 
factors, including surgical exploration for staging. Sur-
vival at 5 years for all esophageal cancer patients taken 
together, with or without surgery, is less than 10% (15). 

 For those patients that are surgical candidates, re-
section alone is at best associated with a 20% to 25% 

 E
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5-year survival (15,16). While operative mortality has 
almost halved as a result of improved surgical tech-
niques (14,17–20) that are being performed at more 
experienced centers (21), the long-term prognosis with 
surgery alone remains grossly unchanged (22–24). 
Therefore, a multidisciplinary approach has evolved to 
include surgery, radiation, and chemotherapy, alone or 
in combination, in attempt to improve the survival of 
this aggressive disease. 

 PRINCIPLES OF MULTIMODALITY 
THERAPY 

 The poor outcome of patients undergoing surgery alone 
has led to a number of studies using various regimens 
of chemotherapy and various doses and schedules of 
radiation, alone or combined, administered before or 
after surgery. The basis of surgery, as discussed previ-
ously, is to remove the primary tumor with adequate 
negative margins with curative intent. However, even in 
cases achieving negative surgical margins by pathology, 
there is a signifi cant risk of local recurrence. In addition, 
proportional to an increasing disease stage, the risk of 
distant recurrence after surgery as a result of microme-
tastases at the time of surgery is of concern. 

 Therefore, to address local recurrence, radiation 
therapy is used to exert its effects within the irradiated 
fi eld by inducing tumor cell apoptosis and necrosis. Che-
motherapy is administered primarily with the intent to 
treat microscopic systemic disease (25,26). The general 
clinical goal of administering chemotherapy and radia-
tion simultaneously is to improve both locoregional 
and systemic tumor control. Spatial interaction rec-
ognizes that radiation will work within the irradiated 
fi eld, while chemotherapy exerts its effect systemically, 
principles not requisite on simultaneous administration 
(27). An additional goal of concomitant chemoradio-
therapy is to increase the effi cacy of radiation; chemo-
therapy in this respect augments the effect of radiation 
therapy, a principle referred to as radiation sensitization 
(28,29). Sensitization addresses the fact the clonogenic 
radioresistance will ultimately cause treatment failure 
within the irradiated fi eld after single-modality radio-
therapy (29). Similarly, targeted agents have been shown 
to result in radiation sensitization, including epidermal 
growth factor receptor signaling pathway inhibition, 
antiangiogenic agents, histone deacetylation inhibition, 
and genetically engineered viruses that express tumor 
necrosis factor when exposed to radiation by using a ra-
diation inducible promoter to allow gene transcription 
(30–33). 

 Possible sensitizing mechanisms have included 
synergistic DNA damage, inhibition of repair of ra-
diation damage, hypoxic cell sensitization, cell cycle 

synchronization, inhibition of rapid repopulation of 
tumor cells, and suppression of radiation resistance 
pathways (29,34). 

 Initially, most clinical trials focused on adjuvant 
treatment strategies. Such postoperative treatment strat-
egies did not result in signifi cant clinical improvement. 
Adjuvant chemotherapy is not easy to administer, and 
only a minority of patients are actually able to tolerate it; 
this is exemplifi ed by the MAGIC trial that is discussed 
later. Accordingly, preoperative approaches have since 
entailed the majority of attention; neoadjuvant therapy 
has a number of advantages over adjuvant therapy. First, 
patients have an optimum performance status prior to 
surgery, whereas postoperative treatment is frequently 
delayed 8 to 10 weeks to allow for suffi cient patient 
recovery. Second, preoperative therapy may enable a 
proportion of tumors to be “downstaged,” making po-
tentially inoperable tumors (e.g., T4 lesions) (35) amena-
ble to resection. Along these lines, tumor shrinkage after 
neoadjuvant therapy may also result in a less compli-
cated surgery for those tumors initially deemed operable. 
Third, response to treatment can be accurately assessed 
pathologically after resection, and response to therapy is 
the best available surrogate marker of the likely outcome 
of treatment (36–38). Fourth, exposure of micrometasta-
ses to the so-called tumor growth–promoting postopera-
tive milieu is best curtailed by treating with neoadjuvant 
chemotherapy. 

 The main disadvantages of preoperative therapy 
are the inability to predict who will respond to treat-
ment, the inability to determine who has had a com-
plete pathological response (R0) and therefore undergo 
unnecessary surgery, and treatment toxicity. Address-
ing treatment response, novel metabolic imaging with 
positron-emission tomography (PET) as early as 14 
days after initiating neoadjuvant therapy may prevent 
a delay to surgery in those tumors not responding to 
treatment or may allow for an adjustment of the neoad-
juvant regimen in order to better treat the tumor (39–
41). Endoscopic ultrasound postchemotherapy has also 
been evaluated as a tool to predict therapy response and 
downstaging (42). 

 Various drug combinations have been studied in a 
pre- and postoperative setting, and patterns of response 
are emerging. However, the majority of trials are not 
randomized trials, and those that are randomized are 
poorly designed with insuffi cient numbers or use out-
dated ineffective chemotherapy regimens and/or radia-
tion doses. Additionally, most trials fail to study the 
question of therapy outcome differences between the 
histologic subtypes of esophageal cancer: AC and SCC. 
The randomized clinical trials that attempt to address 
the multiple permutations of therapy in the neoadjuvant 
and adjuvant setting have been reviewed (12,43–52) and 
are discussed next. 
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 TREATMENT WITH SURGERY 

 Surgery Alone 

 Surgery alone cures a minority of patients with local-
ized esophageal cancer. Contemporary outcome data for 
treatment with surgery alone demonstrate the limits of 
surgery to control disease. Median survival is 16 months 
with 1-, 2-, and 3-year survival rates of 60%, 37%, and 
26%, respectively, for patients in the surgery-alone 
group of randomized trials (53,54). Rate of failure to 
control local disease was high—40% of patients did not 
have complete resection of all gross disease, and 18% 
of completely resected patients recurred locally, for a 
total of 58% local recurrence with surgery alone (53). 
Median survival is approximately 13 to 16 months, and 
2-year survival is 34% (25) and modest long-term sur-
vival 10% to 25% (52), depending the stage of disease 
included in the cited trials. As mentioned, the surgical 
approach and 2-fi eld versus 3-fi eld lymphadenectomy is 
a subject of ongoing debate, neither showing clear ben-
efi t over the other. It is clear, however, that postopera-
tive morbidity, mortality, and survival are signifi cantly 
better in expert centers that perform a higher number of 
this surgery (21). Surgery alone is probably adequate for 
T1 localized tumors without lymph node involvement 
(T1, N0). Whether T2 lesions are adequately treated 
with surgery alone is controversial; National Compre-
hensive Cancer Network guidelines suggest that only 
noncervical T1 disease be treated with single-modality 
surgery (55). As such, in more advanced local disease, 

poor survival after single-modality surgery has led to the 
consideration of therapeutic combinations with radia-
tion, chemotherapy, and/or surgery. 

 Radiation versus Surgery Alone 

 Adjuvant Radiation versus Surgery Alone 

 Four phase III trials (Table 27.1) comparing surgery 
alone with adjuvant radiation (45–56 Gy) failed to 
show an overall survival advantage (53,56–58). There 
was, however, improved local control of disease in the 
radiation arm. Adjuvant radiotherapy increased com-
plications at the gastroplasty level, including adhesions, 
scarring, and fi stulas. A subgroup of patients who had 
palliative resection did show a signifi cant decrease in lo-
coregional recurrence, and therefore it is reasonable to 
consider postoperative radiotherapy for those patients 
who have palliative resections to enhance local disease 
control. One phase III trial reports improved survival 
with postoperative radiotherapy (59). Xiao et al. ran-
domized 495 patients to receive surgery alone or sur-
gery and then adjuvant radiotherapy (50–60 Gy) in 25 
to 30 fractions, starting 3 to 4 weeks postoperatively. 
Overall, 5-year survival was 31.7% versus 41.3%, re-
spectively, the difference of which was not statistically 
signifi cant ( P = 0.45). However, subgroup analysis did 
show that patients with stage III disease had 5-year 
overall survival of 13.1% versus 31.5%, respectively 
( P  < 0.002).   

TABLE 27.1
Randomized Controlled Trials of Adjuvant Radiation versus Surgery Alone for Esophageal Cancer  a

Study/year published Histology TA/CA MS TA/CA 5-Year OS (%) TA/CA P value
XRT (Gy) (total 

dose)

Fok 1993 SCC 42/39 11/22 10/16 NS 43–53

Kunath 1984 SCC 23/21 9/6 NS 50–55

Teniere 1991 SCC 102/119 18/18 19/19 NS 45–55

Zieren 1995 SCC 33/35 NS 56

Xiao 2003b SCC/AC 220/275 All patients
41.3/31.4
Stage III
35.1/13.1

P = 0.45
(NS)

P < 0.002

50–60

Abbreviations: aTA = treatment arm; CA = control arm; MS = median survival (months); OS = overall survival; XRT = radiotherapy; SCC = 
squamous cell carcinoma; NS = not significant; AC = adenocarcinoma.
bTrial with statistically significant benefit over control.
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 Neoadjuvant Radiation versus Surgery Alone 

 Again, 5 phase III trials (Table 27.2) comparing surgery 
alone with neoadjuvant radiation failed to reveal sig-
nifi cant increases in resectability or overall survival in 
esophageal cancer (60–64). Arnott et al. and Gignoux 
et al. used what is considered suboptimal radiation doses 
currently, 20 and 33Gy, respectively. Only Nygaard et al., 
who used 35 Gy, showed a 3-year survival advantage that 
was signifi cant, but they pooled patients receiving preop-
erative chemotherapy and radiotherapy with those who 
had radiotherapy only. Five-year survival in these trials 
collectively was between 5% and 35% in the group re-
ceiving neoadjuvant radiotherapy versus 9% to 30% in 
the surgery alone group. Three trials using preoperative 
radiation (40 Gy) in a total of 690 patients found similar 
5-year survival rates between patients receiving neoadju-
vant radiotherapy and surgery-alone controls (60,62). A 
meta-analysis of the trials with a median follow-up of 9 
years and data from 1,147 patients showed no signifi cant 
survival benefi t at 5 years (odds ratio [OR] 0.89; 95% CI 
0.78–1.01;  P  = 0.062) (65). As such, radiotherapy alone 
in the neoadjuvant setting does not have a role in the cu-
rative treatment strategy for esophageal cancer.   

 Chemotherapy versus Surgery Alone 

 Adjuvant Chemotherapy versus Surgery Alone 

 Three phase III trials (Table 27.3) compared adjuvant 
chemotherapy with surgery alone and did not show any 
benefi t in overall survival (66–68). Ando et al. reported 
a 5-year disease-free survival advantage with chemo-
therapy (55% vs. 45%,  P  = 0.037) but not signifi cant 
overall survival difference (61% vs. 52%,  P  = 0.13) 
(67). Patients with pN1 disease did have signifi cant sur-
vival advantage (52% vs. 38%,  P  = 0.041). However, a 

meta-analysis of randomized and nonrandomized trials 
using cisplatin-based chemotherapy did not show any 
benefi t in the adjuvant setting (69), and it is, therefore, 
not considered a standard therapeutic option.   

 Neoadjuvant Chemotherapy versus 
Surgery Alone 

 Eleven randomized trials comparing neoadjuvant che-
motherapy (based on cisplatin) versus surgery alone 
have been conducted, 8 (Table 27.4) with data that may 
be analyzed (25,54,64,70–77). The drugs and doses 
were different between studies, and no study allowed an 
optimum regimen to be defi ned. Collectively, these stud-
ies showed a complete response of 19% to 58% and 
a histological complete response of 2.5% to 13%, and 
2 studies reported a signifi cant overall survival benefi t 
(25,76). The UK Medical Research Council trial of 802 
patients showed a better overall survival in the chemo-
therapy group (median survival 16.8 vs. 13.3 months 
and 2-year survival 43% vs. 34%) (25). However, when 
criteria including tomodensitometry assessment to de-
tect tumor extension and specifi c surgical techniques 
along with quality control of the surgery were imposed, 
Kelsen et al., in another large study, did not show an 
overall survival benefi t (54). An update by Kelsen et al. 
of this trial reported that in patients with localized 
esophageal cancer, whether or not preoperative chemo-
therapy is administered, only an R0 resection results in 
substantial long-term survival (78). Even microscopi-
cally positive margins are an ominous prognostic factor. 
After an R1 resection, postoperative chemoradiotherapy 
therapy offers the possibility of long-term disease-free 
survival to a small percentage of patients (78). Two re-
cent meta-analyses have been conducted addressing the 
question of neoadjuvant chemotherapy versus surgery 

TABLE 27.2 
Randomized Controlled Trials of Neoadjuvant Radiation versus Surgery Alone for Esophageal Cancer a

Study/year 
published Histology TA/CA 

MS
TA/CA

5-Year OS (%)
TA/CA P value

XRT (Gy) (total 
dose)

Lanouis 1981 SCC 47/33 12/10 12/10 NS 40

Gignoux 1987 SCC 106/102 11/11 9/10 NS 30

Wang 2001 SCC 104/102 30/35 NS 40

Arnott 1992 SCC/AC 90/86 8/8 17/9 NS 20

Nygaard 1992b SCC Group III, 
48/41

Pooled group 
III/IV

35

Abbreviations: aTA = treatment arm; CA = control arm; MS = median survival (months); OS = overall survival; XRT = radiotherapy; SCC = 
squamous cell carcinoma; NS = not significant; AC = adenocarcinoma.
bTrial with statistically significant benefit over control.
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TABLE 27.3 
Randomized Controlled Trials of Adjuvant Chemotherapy versus Surgery Alone for Esophageal Cancer a

Study/year 
published Histology TA/CA 

Five-Year OS (%) 
TA/CA P value

Chemotherapy
(mg/m2)

Ando 1997 SCC 100/105 NS Cisplatin (70/vindesine (3)

Ando 2003b SCC 120/122 61/52

DFS
55.45

P = 0.13

P < 0.037

Cisplatin (80)/5-FU (800)

Pouliquen 1996 SCC 52/68 NS Cisplatin (100)/5-FU (500)

Abbreviations: aTA = treatment arm; CA = control arm; OS = overall survival; SCC = squamous cell carcinoma; NS = not significant; DFS = 
5-year disease-free survival.
bTrial with statistically significant benefit over control (better 5-year DFS, especially those with lymph node metastases).

TABLE 27.4 
Randomized Controlled Trials of Neoadjuvant Chemotherapy versus Surgery Alone for Esophageal Cancer a

Study/year published Histology TA/CA MS P value Chemotherapy

Roth 1988 SCC/AC 19/20 9/9 NS Cisplatin/vindesine/bloeomycin

Schlag 1992 SCC 22/24 10/10 NS Cisplatin/5-FU

Maipang 1994 SCC 24/22 10/10 NS Cisplatin/vindesine/bleomycin

Kok 1996b SCC 74/74 19/11 P = 0.002 5-FU/etoposide

Law 1997 SCC 74/73 16.8/13 NS Cisplatin/5-FU

Kelsen 1998 SCC/AC 220/221 15/16 NS Cisplatin/5-FU

Ancona 2001 SCC 47/47 NS Cisplatin/5-FU

MRCOCWP 2002b Any 400/402 16.8/13.3 P = 0.004 Cisplatin (80)/5-FU (1000)

Abbreviations: aTA = treatment arm; CA = control arm; MS = median survival (months); SCC = squamous cell carcinoma; AC = adenocar-
cinoma; NS = not significant.
bTrial with statistically significant improved overall survival and median survival.

alone (79,80). The fi rst concluded that compared with 
surgery alone, neoadjuvant chemotherapy and surgery is 
associated with a lower rate of esophageal resection but 
a higher rate of complete resection. It does not increase 
treatment-related mortality. This meta-analysis did not 
demonstrate a survival benefi t for the combination of 
neoadjuvant chemotherapy and surgery (79). The sec-
ond meta-analysis also concluded that preoperative 
chemotherapy did not offer a survival advantage over 
surgery alone (OR 0.88; 95% CI 0.75–10.4;  P  = 0.15) 
(80). Neoadjuvant chemotherapy alone, therefore, does 
not have suffi cient evidence to support it as a standard 
therapeutic option.   

 Neoadjuvant and Adjuvant Chemotherapy 
versus Surgery Alone 

 Three randomized trials have looked at pre- and 
postoperative chemotherapy (cisplatin based) versus 
surgery alone (54,73,81) (Table 27.5). None of these tri-
als showed survival benefi t over surgery alone. In the 
case of distal esophageal/GEJ, the MAGIC trial reported 
that neoadjuvant chemotherapy and adjuvant chemo-
therapy with epirubicin, cisplatin, and 5-FU (ECF) does 
have signifi cant benefi t and is an acceptable approach to 
treating this subgroup of esophageal cancers (82). This 
is discussed in further detail in the section addressing 
GEJ cancer.   
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 Adjuvant Chemoradiotherapy versus 
Surgery Alone 

 The trial evaluating effi cacy of adjuvant chemoradio-
therapy was in the U.S. Intergroup 0116 study that 
looked specifi cally at patients with gastroesophageal tu-
mors (83). This trial is discussed in detail in the section 
on GEJ adjuvant therapy later in this chapter. 

 Neoadjuvant Chemoradiotherapy 
versus Surgery Alone 

 The goal of multimodality or trimodal therapy, as dis-
cussed previously, is to benefi t from radiotherapy by 
optimizing local control alongside chemotherapy that 
is used to address distant metastases, to affect the pri-
mary tumor, and to allow for radiosensitization (84,85). 
This concept has been studied extensively in 9 phase III 
randomized trials (64,86–92) . One is published only in 
abstract (93). The 8 completed trials are displayed in 
Table 27.6. All the trials reported a complete pathologic 
response of approximately 25%. Neither of the 2 trials 
that actually achieved adequate statistical power (86,91) 
showed a survival benefi t in the chemoradiotherapy arm 
over surgery alone. The randomized single-center trial 
with 113 patients showed an overall survival advantage 
for neoadjuvant chemoradiotherapy (40 Gy) compared to 
surgery alone (89). This trial included only AC histologi-
cal subtype. However, the small sample size, abnormally 
low survival in the group who had surgery alone (6% at 
3 years), and absence of preoperative tomodensitometry 
make interpretation of the results diffi cult. They did re-
port a maintained survival advantage at 5 years (94). An 

ongoing trial (93) has pointed again toward a survival 
benefi t for neoadjuvant chemoradiotherapy compared 
with surgery alone, and publication of these results is 
eagerly awaited. The CALGB 9781 trial looking at early 
stage esophageal cancer (stages I to III) (cisplatin/5-FU/
50.4Gy) was closed early secondary to lack of accrual. 
Only 56 of a planned 500 patients were enrolled. Those 
patients receiving the neoadjuvant therapy had a better 
5-year overall survival over the surgery-alone arm (39 
vs. 16 months;  P  = 0.0005), again suggesting benefi t 
from neoadjuvant chemoradiotherapy. Urba et al. con-
ducted a study of 100 patients with potentially resectable 
esophageal carcinoma to receive an intensive regimen of 
preoperative chemoradiation with cisplatin, fl uoroura-
cil, and vinblastine and 45 Gy of radiation before sur-
gery or surgery alone (90). At a median follow-up of 
8.2 years, there was no signifi cant difference in survival 
between the treatment arms. Median survival was 17.6 
months in the surgery alone arm and 16.9 months in the 
group receiving chemoradiotherapy preoperatively. Sur-
vival at 3 years was 16% in the surgery-alone arm and 
30% in those receiving neoadjuvant chemoradiotherapy 
( P  = 0.15). This study was statistically powered to de-
tect a relatively large increase in median survival from 
1 year to 2.2 years, with at least 80% power. Urba et 
al. concluded that this randomized trial of preoperative 
chemoradiation versus surgery alone for patients with 
potentially resectable esophageal carcinoma did not 
demonstrate a statistically signifi cant survival difference 
but did show a trend toward improved survival in the 
chemoradiotherapy group. Additionally, their data sug-
gested that patients with complete pathological response 
had the most benefi t in survival.   

TABLE 27.5 
Randomized Controlled Trials of Neoadjuvant and Adjuvant Chemotherapy versus 

Surgery Alone for Esophageal Cancer a

Study/year 
published Histology TA/CA

MS 
TA/CA P value Chemotherapy (mg/m2)

Roth 1988 SCC/AC 19/20 Cisplatin/vindesine/bleomycin

Saltz 1992 Cisplatin/vindesine/bleomycin

Kelsen 1998 14.9/16.1 P = 0.53 Cisplatin/5-FU

HR for death/95% CI
TA compared to CA

Cunningham 
2005b

AC GE jxn/distal 
esophagus

65/66 0.75/0.59–0.93 P < 0.008 Epirubicin/cisplatin/5-FU

Abbreviations:  aTA = treatment arm; CA = control arm; MS = median survival (months); SCC = squamous cell carcinoma; AC = adenocarcinoma; 
HR = hazard ratio; CI = confidence interval; GE jxn = gastroesophageal junction.
bTrial with statistically significant benefit over control (none).
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 Several meta-analyses have been published regard-
ing neoadjuvant chemoradiotherapy (95–99), the most 
recent (98) concluding that neoadjuvant chemoradio-
therapy provided a survival benefi t of 19% (OR 0.81; 
95% CI 0.7–0.93;  P  = 0.002) over surgery alone. Sur-
vival advantage results for different histological subtypes 
were as follows: SCC 16% (OR 0.84; CI 0.71–0.99;  P  = 
0.04) and AC 25% (OR 0.75; CI 0.59–0.95;  P  = 0.02). 
Preoperative chemotherapy that was followed sequen-
tially by radiotherapy did not show a statistically signifi -
cant survival benefi t, whereas synchronous delivery of 
chemoradiotherapy showed a survival benefi t (OR 0.76; 
CI 0.59–0.98;  P  = 0.02) (98,100). 

 Features common in trials evaluating neoadju-
vant chemoradiotherapy were: (1) increases in complete 
surgical resection as a result of tumor downstaging by 
chemoradiotherapy, (2) patients who responded had 
better survival, (3) no tumor residue present in surgi-
cal samples in a quarter of patients after neoadjuvant 
chemoradiotherapy, and (4) no signifi cant increase in 
postoperative morbidity and mortality after neoadju-
vant chemoradiotherapy. In a trial considering only lo-
cally advanced tumors (T3), a large case control study 
showed a signifi cant survival benefi t for neoadjuvant 
chemoradiotherapy (100). 

 Given the heterogeneity of chemotherapy regimens 
and radiation dosing, as well as the lack of statistical sig-
nifi cance of the various underpowered trials, the meta-
analyses should be viewed as the authority in decision 
making until results from more defi nitive and statisti-
cally signifi cant trials are available. 

 TREATMENT WITHOUT SURGERY 

 The high incidence of postoperative complications, the 
differences in interpatient resectability, and few long-
term survivors have led to several trials evaluating the 
necessity of undergoing esophagectomy at all. 

 Radiotherapy Alone versus Surgery Alone 

 Preliminary results of a randomized trial comparing 
surgery alone with hyperfractionated accelerated radio-
therapy for SCC showed similar 5-year survival of 35% 
versus 37%, respectively ( P  = 0.58). Final results are 
awaited since precise information on staging and surgical 
quality are yet to be provided. (101). Other trials compar-
ing primary radiotherapy alone with surgery alone have 
been conducted (102–104). Earlam et al. abandoned the 
trial because of poor patient recruitment (102). Fok et al. 
randomized 84 patients to receive surgery alone or ra-
diotherapy alone (45–53Gy) (104). Median survival was 
9 months versus 22 months, respectively. Badwe et al., 
after randomizing 99 patients to surgery or radiotherapy 
(50 Gy), reported that outcome in terms of dysphagia 
relief and survival was inferior to surgery alone (103). 

 Defi nitive Chemoradiotherapy 

 Chemotherapy in conjunction with radiation with-
out planned esophagectomy is referred to as defi ni-
tive chemoradiotherapy. In phase II trials investigating 

TABLE 27.6 
Randomized Controlled Trials of Neoadjuvant Chemoradiotherapy versus Surgery Alone for Esophageal Cancer a

Study/year 
published Histology TA/CA

MS TA/CA 
P value

3-Year OS (%) 
TA/CA P value Chemotherapy

XRT (Gy) 
(total dose)

Nygaard 1992 SCC 47/41 Cisplatin/bleomycin 35

Apinop 1994 SCC 35/34 Cisplatin/5-FU 40

Le Prise 1994 SCC 41/45 Cisplatin/5-FU 20

Walsh 1996b AC 58/55 16/11 P = 0.01 32/6 P = 0.01 Cisplatin/5-FU 40

Bosset 1997 SCC 143/139 18.6/18.6 NS Cisplatin 37

Urba 2001 AC/SCC 50/50 16.9/17.6 NS 30/15 NS Cisplatin/5-FU/
vinblastine

45

Lee 2004 SCC 51/50 28.2/27.3 NS Cisplatin/5-FU 45.6

Burmeister 2005 Any 128/128 Cisplatin/5-FU 35

Abbreviations:  aTA = treatment arm; CA = control arm; MS = median survival (months); OS = overall survival; XRT = radiotherapy; SCC = 
squamous cell carcinoma; AC = adenocarcinoma; NS = not significant.
bTrial with statistically significant improved overall survival and median survival.



236 III • PRINCIPLES OF THERAPY

chemoradiotherapy alone, local control varied from 40% 
to 75%, median overall survival from 9 to 24 months, 
and 5-year survival from 18% to 40% (105–110). 

 Chemoradiotherapy Alone versus 
Radiotherapy Alone 

 Roussel et al. reported no survival advantage in 144 pa-
tients randomized to either radiotherapy alone or single-
agent methotrexate chemotherapy and radiotherapy (56 
Gy) (111). Similarly, Slabber et al. showed no signifi cant 
difference in 70 patients with stage III esophageal can-
cer randomized to chemoradiotherapy (cisplatin/5-FU) 
versus radiotherapy alone (112). A defi nitive trial using 
radiation (50 Gy in 5 weeks) combined with 4 cycles of 
chemotherapy (5-FU/cisplatin) was compared with ra-
diotherapy alone (64 Gy) in 121 patients in the RTOG-
8501 trial (113). Median survival was 12.5 versus 8.9 
months, and 2-year survival was 38% versus 10%, 
respectively ( P  = 0.005). There was no difference seen 
in SCC versus AC subtypes. Grade 3 to 4 toxic effects 
were higher in the chemoradiotherapy arm compared 
to the radiotherapy-alone arm (66% vs. 28%, respec-
tively). A similar study compared radiotherapy alone 
(50 Gy) with radiotherapy plus 1 cycle of 5-FU-bleo-
mycin-mitomycin that produced similar results to those 
reported by Hersckovic et al. (114). A 5-year follow-
up to the RTOG-8501 trial reported that 26% of those 
treated by chemoradiotherapy were alive, while none 
of those treated by radiotherapy alone survived (115). 
A recent meta-analysis of 13 randomized trials com-
paring radiotherapy alone versus chemoradiotherapy 
alone confi rmed that chemoradiotherapy is better (116). 
Chemoradiotherapy provided a signifi cant overall reduc-
tion in mortality at 1 to 2 years, an absolute reduction in 
mortality by 7%, and a reduction in either the presence 
of tumor cells in the esophageal lumen after completion 
of chemoradiotherapy or in recurrence by 12%. There 
was, however, an absolute increase in grade 3 to 4 toxic 
effects by 17%. 

 On the basis of available, albeit heterogeneous, 
studies, chemoradiotherapy alone provides better results 
than radiotherapy alone, with acceptable tolerability. 
Clearly, radiotherapy alone is inferior to surgery alone, 
as already seen in the previously reported randomized 
trials. Defi nitive chemoradiotherapy alone (with cisplatin-
based and adequate radiation dose) is suitable as the 
standard treatment for nonoperable patients without 
distant metastases. However, as reported by Herskovic 
et al., residual tumor was seen in 40% of patients in 
the chemoradiotherapy arm, the majority of which had 
early-stage disease (92% with T1–T2 tumors and 82% 
with N0), suggesting that additional surgery could have 
improved overall survival in those patients who were 
able to undergo surgery (113). 

 Chemoradiotherapy Alone versus Neoadjuvant 
Chemoradiotherapy 

 Two phase III multicenter trials (Table 27.7) com-
pared defi nitive chemoradiotherapy versus neoadjuvant 
chemoradiotherapy for locally advanced esophageal tu-
mors (T3–T4, N0–N1) (117,118). The fi rst included 177 
patients with SCC tumors (117). All patients received in-
duction chemotherapy with bolus 5-FU/leucovorin/eto-
poside/cisplatin every 3 weeks for 3 cycles. The patients 
in the surgery group underwent subsequent chemoradio-
therapy (cisplatin/etoposide/45 Gy) followed by surgery. 
The defi nitive chemoradiotherapy arm received chemo-
radiotherapy (cisplatin/etoposide/65 Gy) after induc-
tion chemotherapy and then more chemoradiotherapy 
(cisplatin/etoposide/40 Gy). Although there was a trend 
in the group undergoing surgery toward better results 
than defi nitive chemoradiotherapy, this was not signifi -
cant (median overall survival 16 vs. 15 months; 3-year 
survival 28% vs. 20%, respectively;  P  = 0.22). Hospital 
mortality was 10% in the surgery group versus 4% in 
the defi nitive chemoradiotherapy arm. Patients who re-
sponded to chemoradiotherapy had a >50% life expec-
tancy at 3 years. However, those patients who did not 

TABLE 27.7 
Randomized Controlled Trials of Definitive Chemoradiotherapy versus Neoadjuvant 

Chemoradiotherapy for Esophageal Cancer a

Study/year published Histology TA/CA MS TA/CA Chemotherapy XRT (Gy) (total dose)

Stahl 2005 SCC 86/86 16.4/14.9 NS Cisplatin/5-FU/
etoposide

40 control 65 definitive

Bedenne 2007 SCC 129/130 19.3/17.7 NS Cisplatin/5-FU Induction: 46 or 15 split course 
Definitive: 20 or 15 split course

Abbreviations: aTA = treatment arm; CA = control arm; MS = median survival (months); XRT = radiotherapy; SCC = squamous cell carcinoma.
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respond to induction chemotherapy had a better 3-year 
survival if they then went on to surgery versus those who 
did not (32% vs. 11%, respectively). Local progression 
free survival was better in the surgery group (64.3% vs. 
40.7%,  P  = 0.003), but again, median overall survival 
and 3-year survival differences were not signifi cant.   

 Bedenne et al. randomized 259 patients, mostly 
with SCC. All patients received 2 cycles of induction 
therapy with 5-FU/cisplatin/and radiotherapy (46 Gy). 
If there was less than a partial response to this induc-
tion, patients went on to surgery. If there was a partial 
response or better to induction, then patients were ran-
domized to either surgery or 3 more cycles of the same 
chemotherapy with radiotherapy (20 Gy). There was 
no difference in median overall survival (17.7 vs. 19.3 
months, respectively) or 2-year overall survival (34% vs. 
40%,  P  = 0.56) between the groups. There was a signifi -
cant difference between hospital mortality in the surgery 
versus no-surgery arms (9.3% vs. 0.8%,  P = 0.002, re-
spectively) and cumulative lengths of hospitalization (68 
days vs. 52 days,  P  = 0.02, respectively). Progression-
free survival at 2 years was better in the surgery group 
(64.3% vs. 40.7%,  P  = 0.003). The need for palliative 
procedures for dysphagia was higher in the nonsurgical 
group (46% vs, 24%,  P  > 0.0001). Quality of life was 
similar between the groups (119). 

 These recent studies raise the question of the ne-
cessity of surgery or, rather, who will benefi t most from 
it. Response to neoadjuvant treatment identifi es a group 
of patients that will do well with or without surgery. It 
has been suggested that patients with SCC who respond 
to induction chemoradiotherapy are the best candidates 
for defi nitive chemoradiotherapy (50). However, further 
studies using updated techniques to ascertain pathologi-
cal complete response, the best marker of long-term sur-
vival, by using PET and/or biological markers need to 
be conducted. 

 OPTIMAL RADIATION DOSING 

 The question of the optimal radiation dose ranging 
from 20 to 64.8 Gy has been evaluated over time in 
the settings of radiation alone, neoadjuvant or adju-
vant radiation, and combined neoadjuvant or defi nitive 
chemoradiotherapy. Higher doses have the advantage 
of improved tumor downstaging and eradication of the 
primary tumor and regional lymph node involvement 
at the expense of increased toxicity. Using modern ra-
diation techniques, namely, intensity modulated radio-
therapy and fractionated stereotactic radiotherapy, it is 
possible to use higher doses of radiation with acceptable 
toxicity profi les (120). The RTOG 85-01 trial discussed 
previously (107,109, 115) compared cisplatin/5-FU in 
combination with radiation (50 Gy in 5 weeks) versus 

radiation alone (64 Gy in 6.5 weeks). Median survival 
was 12.5 versus 8.9 months, and 2-year survival was 
38% versus 10%, respectively. There was no difference 
seen in SCC versus AC subtypes. Minsky et al., in the 
phase III INT 0123 trial, reported similar fi ndings com-
paring 50.4 Gy in 5 weeks versus 64.8 Gy in 6.5 weeks, 
confi rming that higher doses of radiation used with che-
motherapy does not improve local control rates or sur-
vival but does increase toxicity and mortality (121,122). 
Split course of radiotherapy (2 courses of 20 Gy in 5 
fractions) had a signifi cantly lower local control, 2-year 
survival, and disease-free survival than standard dos-
ing schedules (Jacob Proc Am Assoc Cancer Res, abstr 
1999 [B2] ). Thus, 50.4 Gy is considered the standard 
radiation dose in combined neoadjuvant chemoradio-
therapy. It should be noted, therefore, that the majority 
of trials evaluating neoadjuvant chemoradiotherapy as 
discussed previously have used lower inadequate radia-
tion doses, and the survival data should be viewed with 
this in mind. 

 GEJ TUMORS 

 As mentioned, the incidence of distal esophageal can-
cer and esophagastric cancer has increased signifi cantly 
in recent decades. The classifi cation and treatment ap-
proaches of GEJ AC over the years have been confus-
ing. One factor contributing to this uncertainty is the 
debate concerning the defi nition of the GEJ, where it 
is located, and where the gastric cardia and subcardia 
begin (12,13). The GEJ is defi ned differently by anato-
mists, physiologists, endoscopists, and pathologists—
accounting for the diffi culty in classifying and treating 
cancers arising from this region. A common criterion 
observed by endoscopists indicated that the GEJ arises 
at the point where the tubular esophagus fl ares to be-
come the sac-like stomach at the proximal margin of 
the gastric folds (13). However, peristaltic activity and 
movement with respiration render this task a diffi cult 
one for the endoscopist. Histologically, the gastric 
cardia has a distinct pattern that can be easily distin-
guished from the fundic-type epithelium in addition to 
the proximal squamous epithelium of the distal esopha-
gus. It has been suggested that the defi nition of the GEJ 
be the squamocolumnar junction (SCJ). However, as 
the SCJ can shift proximally in the setting of Barrett’s 
metaplasia, others argue that this is an incorrect refer-
ence point (13). 

 Stemming from the debate as to the exact defi nition 
of the GEJ is the controversy regarding the classifi ca-
tion and treatment of AC arising in this general location 
(12). It is generally accepted that the tumors of debate 
are those arising from within 5 cm proximally and dis-
tally of the GEJ. The most widely adopted  classifi cation 
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system for AC arising in the proximity of the esopha-
gogastric junction is as follows: type I—the distal 
esophagus arising from an area with specialized intes-
tinal metaplasia of the esophagus between 2 and 5 cm 
and can infi ltrate the GEJ from above; type II—true car-
cinoma of the cardia arising from the cardia epithelium; 
and type III—subcardial gastric carcinoma that can in-
fi ltrate the GEJ from below (12). 

 Type I tumors are believed to be a distinct en-
tity that should be treated as a distal esophageal can-
cer. These are the subtypes that arise in the setting of 
Barrett’s metaplasia secondary to chronic gastric re-
fl ux. Studies have shown that these patients benefi t 
from a transthoracic surgical approach, as the lymph 
node drainage is usually toward lower mediastinal and 
upper gastric lymph nodes. On the other hand, type 
III GEJ tumors are defi ned as 2 to 5 cm distal to the 
GEJ and behave more like proximal gastric cancer; the 
surgical approach, therefore, is usually as such, with 
a total gastrectomy. Type II tumors, defi ned as within 
1 cm proximally and 2 cm distally from the GEJ, also 
tend to behave more like gastric carcinoma, and only 
approximately 10% of these tumors are associated 
with Barrett’s metaplasia. There is support for classify-
ing and treating type II tumors more like gastric can-
cer in the lymphatic drainage pathways. Types II and 
III tend to drain preferentially to the celiac axis nodes 
and have a much higher incidence of intra-abdominal 
metastases during laparoscopic staging (26% in type 
II/III vs. 6% in type I). Differences in genetic profi les 
of the various subtypes have been examined in an at-
tempt to fi nd defi nitive evidence that these tumors are 
indeed distinct from one another. However, to date, no 
obvious gene expression changes have been consistently 
identifi ed, other than COX-2, which is overexpressed 
in distal esophageal AC (type I GEJ) only, and level of 

expression is an independent prognostic factor for sur-
vival (12). 

 Multimodality Therapy of the GEJ 

 Neoadjuvant Chemotherapy of the GEJ 

 Many phase II trials have looked at a variety of chemo-
therapy combinations for GEJ AC, and they generally 
suggest that neoadjuvant chemotherapy is benefi cial 
(123–127). Cisplatin-based regimens have been shown 
to signifi cantly improve survival compared to those pa-
tients who do not receive chemotherapy neoadjuvantly 
(128). Another regimen includes FAMTX (5-FU, doxo-
rubicin, and methotrexate), which has been used as 
the reference treatment to which newer regimens are 
compared. A recent trial looked at ECF compared to 
FAMTX with improved response rates and 2-year sur-
vival (13.5% vs. 5.4%, respectively) (129) (Table 27.8). 
More recently, the MAGIC trial gave perioperative ECF 
(3 cycles before and 3 cycles after surgery) compared 
with surgery alone (82). The perioperative chemother-
apy group had a higher overall survival and progres-
sion-free survival; the 5-year survival was 36% in the 
chemotherapy group versus 23% in the group under-
going surgery alone (82). Irinotecan has also shown 
benefi t in the neoadjuvant setting, as seen in a phase II 
trial (130).   

 Neoadjuvant Chemoradiotherapy of the GEJ 

 Many of the trials and meta-analyses discussed in 
the previous sections included patients with GEJ AC. 
However, the majority of patients in these trials had 
SCC rather than AC in the proximal esophagus. There-
fore, it is diffi cult to extrapolate the fi ndings of these 

TABLE 27.8 
Neoadjuvant Chemotherapy of Gastroesophageal Junction Tumors a

Study/year 
published Patients 

Chemotherapy 
Arm A 
Arm B RR P value

Median 
survival P value

Webb 1997b 274 ECF 
FAMTX

45% 
21%

P < 0.0002 8.9
5.7

P < 0.0009

Chemotherapy 
versus surgery HR for PD HR for OS

Cunningham 
2006b

250 
253

ECF surgery alone 0.66 P < 0.001 0.75 P < 0.0009

Abbreviations: aRR = response rates; ECF = epirubicin, cisplatin, 5-FU; FAMTX = 5-FU, doxorubicin, methotrexate; HR = hazard ratio; 
PD = progressive disease; OS = overall survival.
bTrial with statistically significant improved overall survival and progression-free survival.
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studies specifi cally to the group of patients with GEJ 
tumors. One study of note, however, is that conducted 
by Walsh et al., in which they looked at 113 patients 
with predominantly lower esophageal and cardia AC 
(89). As discussed earlier, multimodality therapy was 
found to be superior to surgery alone for resectable AC 
of the esophagus. In fact, this is one of the few random-
ized trials evaluating neoadjuvant chemoradiotherapy 
that did show a statistically signifi cant benefi t in end 
points, leading some to the conclusion that AC histol-
ogy may be the group of esophageal cancer patients 
that obtains the most benefi t from multimodality ther-
apy in the neoadjuvant setting. Clearly, more studies 
are needed to obtain a more defi nitive answer to the 
question of combined chemoradiotherapy in the neoad-
juvant setting. As mentioned earlier, the combinations 
of chemoradiotherapy with novel targeted agents such 
as antiangiogenesis drugs and growth factor receptor 
inhibitors are being evaluated in clinical trials, and the 
results are eagerly awaited. 

 Adjuvant Therapy of the GEJ 

 After gastric resection with curative intent, there re-
mains a 40% to 60% chance of local or regional recur-
rence in the gastric remnant or tumor bed, anastomosis, 
or regional lymph nodes (12,131). As such, locally di-
rected adjuvant therapy has been an important aspect 
of therapy for GEJ tumors (132,133). Adjuvant chemo-
therapy compared with surgery alone did not show sig-
nifi cant benefi t (134,135). On the other hand, survival 
was improved with adjuvant radiation alone or radia-
tion in combination with chemotherapy (5-FU) (136). 
Macdonald et al., in the U.S. Intergroup 0116 study, 
looked at 556 patients with gastric cancer, of whom ap-
proximately 20% had GEJ tumors (83). The survival 
benefi t for patients with adjuvant therapy was identical 
for both gastric and GEJ carcinomas. Three-year overall 
survival and disease-free survival were 52% and 49% 
in the chemoradiotherapy group, respectively, while in 
the surgery-alone group the rates were lower at 41% 
and 32%, respectively (83). More studies are required to 
help determine which patients are more likely to benefi t 
from this approach to therapy of GEJ tumors. 

 In summary, GEJ tumors appear to be a distinct 
pathophysiologic entity, separate from esophageal and 
gastric carcinomas yet with similar features of each 
(12). Patients can be divided into 2 groups: resectable 
and unresectable. The goal, as discussed earlier, is R0 
resection and adequate lymphadenectomy. It has been 
recommended that 25 lymph nodes be evaluated to 
adequately stage the tumor. Those with bulky tumors 
(T3, T4) and locally advanced tumors should receive 
multimodality therapy to assist the surgeon in obtain-
ing the R0 resection. The controversial question raised 

by the 2 relevant trials (MAGIC and INT 0116) as to 
which patient should receive sole neoadjuvant ther-
apy and adjuvant therapy with ECF versus adjuvant 
chemoradiotherapy is a matter of debate (82,83). Fu-
ture trials should be aimed at determining the answer 
to this fundamental question for those patients with 
GEJ tumors. 

 CONCLUSION 

 Evaluation of available randomized trials allows several 
conclusions. The majority of patients with esophageal 
cancer have systemic disease at presentation, requir-
ing systemic treatment. For those patients who are lo-
cally advanced at diagnosis, the available trials are 
heterogeneous and must be interpreted in light of the 
various chemotherapy drug regimens and dosages, ra-
diation scheduling and dosages, and the particular stage 
of disease at diagnosis. Although immediate surgery 
still remains a standard treatment option, neoadjuvant 
chemoradiotherapy is a commonly used therapeutic ap-
proach in the United States because it appears to im-
prove outcome based on the results of numerous phase 
II and underpowered phase III trials. Survival, as evi-
denced by several meta-analyses of the various trials, 
has not been improved by intensifying chemotherapy, 
increasing radiation dose above 50.4 Gy, or giving ad-
juvant chemotherapy or radiotherapy (which is gener-
ally poorly tolerated and thus lacks feasibility). Further 
improvements in outcome will depend on identifying 
novel targeted agents with limited additional toxicity, an 
improved understanding about optimal therapy for the 
different histologic subtypes (AC vs. SCC), more indi-
vidualized selection of therapy, and early identifi cation 
of responders with the use of PET and other modalities. 

 Marriette et al. propose the following strategies: 
surgery alone for stages I and IIa or in combination with 
neoadjuvant chemotherapy or chemoradiotherapy for 
stage IIb. For locally advanced tumors (stage III T3–T4, 
N1), AC should be treated with neoadjuvant chemother-
apy or chemoradiotherapy followed by surgery, whereas 
SCCs that have shown response to induction therapy 
could be considered for chemoradiotherapy alone, with 
diligent surveillance posttreatment, to be considered 
for salvage esophagectomy in the case of recurrence. 
In addition, those patients with SCC without response 
to induction therapy or those with residual tumor after 
completed defi nitive chemoradiotherapy should undergo 
salvage esophagectomy. Swisher et al., however, have re-
ported increased morbidity and mortality in those pa-
tients undergoing salvage esophagectomy (137). 

 Further research in upcoming years addressing 
where novel targeted biologic agents fi t into the scheme 
of therapy for esophageal carcinoma is anticipated. 
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Identifying patients who will best benefi t from neoad-
juvant treatment, both chemotherapy and chemoradio-
therapy, is an ultimate goal. Moreover, better predictors 

and assessment of complete pathological response after 
neoadjuvant/defi nitive therapy to avoid unnecessary 
surgery are anticipated. 
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ffective systemic treatment of can-
cer has roots in the wartime ob-
servation that humans exposed to 
mustard gas developed bone mar-
row lymphoid hypoplasia. This led 

to the fi rst clinical tests and publications of results using 
alkylating agents against Hodgkin’s disease and lympho-
mas in the 1940s (1,2). At about the same time, Sidney 
Farber noted that targeting folic acid with 4-amethop-
teroylglutamic acid (aminopterin) was an effective strat-
egy for the treatment of acute lymphoblastic leukemia in 
children (3). A clear understanding of aminopterin’s ac-
tion and its potential to treat cancer ushered in the fi rst 
class of “targeted” chemotherapeutic agents known as 
antimetabolites. With the exception of spindle inhibitors 
such as vinca alkaloids and taxanes, the newer classes 
of compounds (i.e., anthracylcines, topoisomerase I and 
topoisomerase inhibitors, alkylating agents, and the 
platinum compounds) act similarly to alkylating agents 
by interrupting the structural integrity of DNA. 

 The newer and ever-growing number of modern 
“targeted agents” are directed against specifi c driving 
forces of tumor growth, such as epidermal growth factor 
receptors (EGFR) and vascular endothelial growth fac-
tor receptors (VEGFR) and those molecules within the 
tumor cell affected by these receptors. Overall, the effi -
cacy of any particular targeted agent depends on whether 

the agent can be delivered to its target and whether that 
target is the major driving force behind that particular 
tumor’s growth and reproduction. To achieve the goal 
of individualizing cancer therapy, it will be necessary to 
match the systemic agent to the molecular target(s) that 
drive the patient’s cancer cells to immortality. 

 THEORY 

 Tumor Cell Growth Kinetics 

 The experimental murine L1210 leukemia model has 
served to establish the concept that systemic chemo-
therapeutic agents kill cells in a logarithmic pattern. 
Chemotherapy kills a constant percentage of cells, not 
a constant number. In a sensitive, rapidly growing ex-
perimental cell line, the ability to achieve cure is directly 
related to the tumor burden. In animals with rapidly 
growing, experimental tumors, the ability to retreat be-
fore viable but sensitive tumor cells regrow is essential. 
Of course, initial and subsequent doses of chemotherapy 
must that allow for the maintenance of the animal’s non-
tumor cells (4). 

 Human tumors do not grow exponentially. In-
stead, human tumors grow by what is known as the 
Gompertzian kinetics. In the Gompertzian model, the 

 E
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growth fraction of the tumor is not a constant but 
a function the number of cells in the tumor system. 
The growth fraction of human tumors is highest when 
tumor burden is low; the growth fraction exponen-
tially decreases at the highest tumor burdens. By the 
Gompertzian model, for drug-sensitive tumors, depth 
of response to a particular systemic agent will depend 
on whether tumor cells are in a rapid or slow por-
tion of the growth curve (5). Clinically undetectable 
tumors will be growing more rapidly than grossly vis-
ible tumors. 

 Using the Gompertzian model, Norton noted that 
relapse-free and overall survival for patients treated 
for breast cancer will not differ if microscopic residual 
disease is 1 cell or 1 million cells (6). Thus, efforts to 
reduce host toxicity by planning a priori dose reduc-
tions in chemotherapy treatments in the adjuvant or 
neoadjuvant settings could result in decreasing overall 
cure rates. 

 Tumor Mutation 

 Tumors mutate as they grow. Current concepts in sched-
uling chemotherapy and for using drug non–cross resis-
tant drug combination are based largely on observations 
of spontaneous mutations noted in the unchecked growth 
of  Escherichia coli  colonies (7). Goldie and Coldman de-
veloped a mathematic model designed to explain drug 
sensitivity of a tumor using the tumor’s spontaneous mu-
tation rate. They postulated that over time (1) untreated 
tumors will increase not only in absolute numbers but 
also in the number of resistant cells, (2) the number of 
resistant cells of tumors with same number of cells is a 
function of the mutational rate intrinsic to that tumor 
system, and (3) tumors develop mutational resistance to 
chemotherapy early in their biologic lives within a host 
(8). The Goldie-Coldman theory laid the groundwork 
for dose-intense, dose-dense combination chemotherapy 
in the adjuvant therapy of solid tumors. 

 Building on the Goldie-Coldman theory, Norton 
developed a mathematical model for tumor growth, 
suggesting that tumors from the same primary source 
will not mutate in a “symmetrical” fashion. Norton’s 
theory stated that the most effective combination of 
agents avoid signifi cant reductions of each drug in the 
combination. Moreover, combinations therapy will be 
most effective if delivered in a dose-intense and dose-
dense schedule. Perhaps, less intuitively, Norton’s model 
postulated that effective combinations should  not  be al-
ternated after only 1 cycle but delivered for a number 
of cycles before initiating another effective combination 
(9). Norton’s theory appears to have been validated in 
the postoperative adjuvant treatment combination ther-
apy for patients with node-positive breast cancer (10). 

 MOLECULAR MECHANISMS 
UNDERLYING SENSITIVITY AND 

RESISTANCE TO CHEMOTHERAPY 

 Understanding the molecular mechanisms that make 
tumor cells unique from normal cells has provided in-
sight into the failure of current chemotherapeutic agents 
to act in ways predicted by tumor cell kinetic theory. 
The process of programmed cell death known as apop-
tosis involves a cascade of an intricate signal transduc-
tion network that is stimulated by a death-inducing 
signal. The key to cancer cell immortality and resistance 
to cytotoxic therapy is the cell’s ability to shut down or 
modify the process of apoptosis. Thus, a chemothera-
peutic agent may interact successfully with its target, but 
then the cascade of events leading to an apoptotic death 
may be blocked by mutations within the tumor. On the 
other hand, sensitive cancer cells can be killed by che-
motherapy and radiation because they lack the normal 
cell’s ability to repair damage from cytotoxic or physi-
cal stress. The normal cell’s ability to maintain normal 
cell cycle checkpoints, transcription factors, and normal 
mechanisms for apoptosis is the molecular basis for pa-
tient survival during chemotherapy. Unfortunately, for 
most classic cytotoxic agents in current use, there is a 
narrow therapeutic window permitting the survival ad-
vantage of normal cells over drug-sensitive tumor cells. 

 p53 

 It has been estimated that over 50% of human tumors 
harbor mutations of the  p53  gene, located on chromo-
some 17p (11). The gene’s protein product mediates cell 
cycle arrest between the G 1  and G 2  (12). This type of 
arrest allows a cell to escape signifi cant damage from 
a DNA damaging agent. Thus,  p53  has a key role in 
programmed cell death (apoptosis) (13). The signal that 
p53 transmits to the cell to begin the process of apop-
tosis remains uncertain. For the most part, studies have 
confi rmed that mutations of p53 that lead to increased 
genetic instability within the tumor cell increase the like-
lihood of chemotherapy resistance (14). 

 Among its multifunctional tasks, p53 provides 
transcriptional activation of  p21,  a gene producing a 
protein that directly inhibits cyclin-dependent kinases. 
This inhibition is abetted because of wild-type  p53  par-
ticipates in the inactivation of the retinoblastoma ( RB ) 
gene, another potent tumor suppressor gene. A normally 
functioning  RB  releases the E2F family of transcription 
factors that bind to and inhibit ribonucleotide reductase, 
dihydrofolate reductase, DNA-dependent RNA poly-
merase, thymidylate synthase, and the gene products 
of  c-myc, c-fos,  and  cmyb.  All these participate in the 
synthesis of DNA and move cells from the G 1  into the 
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S phase of the cell cycle. Thus, wild-type  p53  prevents 
cellular reproduction in the face of a cytotoxic agent(s); 
this may be critical to the host by allowing normal tis-
sues with damaged DNA to repair and by preventing 
genetically unstable cancer cells from reproducing. In 
summary, mutations of  p53  can lead to loss of critical 
checkpoint functions allowing cancer cells to continue to 
move through the S phase despite cytotoxic treatment. 

 Wild-type p53 also acts to suppress  mdr-1,  a gene 
that affects resistance to many natural product chemo-
therapeutic agents. Mutant  p53  does not effectively sup-
press the  mdr-1  gene. The E2F family of transcription 
factors, released by normally functioning  RB,  appears 
to have an effect on the sensitivity/resistance of antime-
tabolites. Thus, the status of the  p53  and  RB  infl uence 
sensitivity and/or resistance to a wide variety of chemo-
therapeutic agents. 

 Bcl-2 and Caspases 

  Bcl-2  is a protooncogene whose protein product has 
been labeled bcl-2. Overexpression of bcl-2 and bcl-x 1 , 
a functional and structural homologue of bcl-2, shelters 
tumors from the apoptotic effects of radiation and che-
motherapy found most frequently in non-Hodgkin’s lym-
phomas, chronic lymphocytic leukemia, prostate cancer, 
non–small cell lung cancer, breast cancer, and mela-
noma. Both chemotherapy and radiation therapy have 
been shown to induce overexpression of Bcl-2, while in 
vitro and in vivo suppression of Bcl-2 has overcome re-
sistance to chemotherapy (15,16) The ratio of Bcl-2 to 
other molecules in this family, such as its heterodimer, 
bax, and other apoptotic-inducing family members, bcl-
x 1  and bak, most likely determines the magnitude of the 
Bcl-2 effect on apoptosis (17). 

 Caspases (cysteine aspartate–specifi c proteases) are 
a highly conserved family of proteins that appear to me-
diate the fi nal stages of apoptosis. The caspases cleave 
protein kinases and affect signal transduction proteins, 
cytoskeletal proteins, chromatin-modifying proteins, 
and DNA repair proteins. Eventually, caspases activate 
cellular nucleases that cause the characteristic DNA 
fragmentation that is a hallmark of apoptosis. Either 
“intrinsic” or “extrinsic” pathways to apoptosis may 
activate caspases. The intrinsic pathway works through 
the cell’s mitochondria and is infl uenced by the Bcl-2 
family of proteins. The proteins bax and bak perme-
ate the outer mitochondrial membrane allowing release 
of cytochrome-c. By the action of cytochrome-c bind-
ing with Apaf-1, caspase 9 is activated, committing the 
cell to apoptosis. The extrinsic pathway of apoptosis is 
mediated by tumor necrosis factor (TNF) and its family 
of receptors, including TNF receptor-1, Fas, DR3, DR4 
or TNF-related apoptosis-inducing ligand-R1 (TRAIL), 
DR5, or TRAIL-R2. The extrinsic pathway of apoptosis 

works primarily through caspase 8, which serves to ac-
tivate other effector caspases, eventually leading to the 
activation of caspase 3. Genetic mouse models that engi-
neered to survive without caspase 9 (intrinsic pathway) 
or caspase 3 (extrinsic pathway) are very resistant to the 
effects of chemotherapy (18,19). 

 Nuclear Transcription Factor Kappa B 
and Cell Survival 

 Cellular injury, whether induced by chemotherapy or ra-
diation, induces transcription factor kappa B (NFκB), 
a potent suppressor of apoptosis. In a recent study of 
esophageal cancer, Izzo et al. noted that esophageal can-
cers with activated NFκB have both an aggressive biol-
ogy and a poor outcome to therapy (20). IκB inactivates 
NFκB by degradation in the 26S proteosome, a cellular 
organelle that selectively degrades polyubiquinated pro-
teins. The proteosome is also the principal pathway for 
degradation of cellular regulatory proteins, including 
p53, cyclins, and the cyclin-dependent kinase inhibitors 
p21 and p27 (21). Thus targeting NFκB by inhibiting its 
activation within the proteosome, a rationale approach 
to cancer therapy, has been successful in the treatment of 
multiple myeloma (22). 

 Tyrosine Kinase Inhibitors 

 Tyrosine kinases (TKs) transfer phosphate from ATP to 
tyrosine residues in polypeptides. The activation of a 
TK by its ligand is generally short lived, as activation is 
generally reversed by protein tyrosine phosphatases. In 
cancer cells, overexpression of TKs lead to unregulated 
cell growth, reproduction, and inhibition of apoptosis. 
There are close to 150 TK or TK-like genes that regulate 
cellular proliferation, survival, differentiation, and mo-
tility. Unregulated TKs become oncogenic by retroviral 
transduction, genomic rearrangements that may lead to 
fusion proteins, gain of function, or deletions in the TK 
and overexpression from gene amplifi cation (23). 

 TKs may be divided into 2 general classes: receptor 
TKs (RTKs) and cytoplasmic TKs. Unfortunately, the 
complex interactions between RTKs and cytoplasmic 
TKs lead to overlapping descriptions and some confu-
sion in classifi cation. Approximately 30 RTKs and 15 
cytoplasmic TKs with oncogenic potential have been 
identifi ed. Agents such as imatinib mesylate and trastuz-
imab down-regulate or inhibit abnormal TKs. 

 RTKs 

 The RTKs are transmembrane glycoproteins possess-
ing an N-terminal extracellular ligand-binding domain, 
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a single anchoring transmembrane alpha helix, and a 
cytosolic C-terminal domain that contains the catalytic 
domain (24). The receptor TKs are activated on binding 
ligand to the extracellular domain, resulting in the forma-
tion of “receptor oligomers” and autophosphorylation 
of regulatory tyrosine molecule. Autophosphorylation 
allows for binding sites on signaling proteins within the 
cell. These are transported to the cell membrane, activat-
ing multiple signaling pathways. When activated, RTKs 
activate at least 3 signal transduction pathways: Ras, the 
phosphatidylinositol-3-kinase (PI3K), and phosphlipase-
C-γ (PLC). Ras, a proto-oncogene, activated by the gua-
nine nucleotide exchange factor Grb2/mSOS, induces Raf 
and downstream kinases MEK and ERK1/2. Activated 
PIK3 generates a membrane lipid, PIP3 that, in turn acts 
as a membrane-docking site for serine/threonine kinases, 
PDK1 and Akt. PDK1 serves to activate Akt and the 
mammalian target of rapamycin (mTOR). Akt is a po-
tent inhibitor of apoptosis; mTOR up-regulates protein 
synthesis. Activation of PLC-γ is necessary for the forma-
tion of diacylglycerol, which in turn leads to an increased 
production of intracellular calcium and protein kinase-c 
(PKC) (25). The introduction of monoclonal antibodies 
(trastuzimab, imatinib, cetuximab, panitumimab, bevaci-
zumab) and small molecules (erlotinib, gefi tinib) aimed at 
receptor TKs that are overexpressed in malignant disease 
has been rapid and exciting. These agents and those di-
rected against cytoplasmic TKs have broadened concepts 
of “targeted therapy” from hormones and antimetabo-
lites to consideration of targeting any TK associated with 
cancer growth. 

 Cytoplasmic TKs 

 The cytoplasmic TKs do not contain a transmembrane 
domain; they are found within the cell, including the cy-
tosol, nucleus, and inner surface of the cell membrane 
(26). Cytoplasmic TKs are maintained in an inactive 
state by cellular inhibitory proteins, lipids, and molec-
ular autoinhibitors. Intracellular signaling appears to 
dissociate inhibitors, allowing recruitment to transmem-
brane receptors (27). The cytoplasmic oncogenic TKs 
include c-Src, c-Abl, JAKS and STATs, Ras/Raf, PI3K, 
mTOR, PDK-1, and Akt. 

 The fi rst cellular homologue of a viral oncoprotein 
to be discovered, c-Src has a role in several human can-
cers, including colon cancers (28). Its oncogenic poten-
tial occurs when constraints on its kinase activity are 
relaxed by activation of the signal transducer and acti-
vator of transcription (STAT), a family of protein prod-
ucts of the Janus PTKs (JAKs). JAKs mediate signaling 
after instigation by cytokine receptors (29); c-Abl is the 
PTK on chromosome 9 that is involved in the reciprocal 
(9;22) translocation that defi nes the dominant molecu-
lar abnormality found in chronic myelocytic leukemia. 

Under normal circumstances, the structurally complex 
c-Abl is a nuclear protein functioning to induce cell 
growth arrest. The abnormal fusion protein, Bcr-Abl is 
found in the cytoplasm. The Bcr-Abl protein is a strong 
inhibitor of apoptosis. Several PTK pathways, including 
the Ras/Raf-Erk, JAK-STAT, and PI3 pathways, medi-
ate the transformation of c-Abl, setting the stage for the 
formation of the abnormal fusion protein (30). 

 Epigenetic Changes 

 An epigenetic change is defi ned as an alteration of cel-
lular gene expression that persists across more than 1 
cell division but is not directly caused by changes in 
the cell’s DNA code. These changes may result in ab-
errations of the cellular chromatin structure caused by 
methylation of cytosine residues in CpG dinucleotides, 
modifi cation of histones by acetylation or methylation, 
or changes in the higher-order chromatin structure (31). 
Drugs that target methylation have activity in the treat-
ment of myelodysplastic syndromes (32). Although solid 
tumors that exhibit marked hypermethylation tend to be 
aggressive, the question of whether altering the tumor’s 
methylation status will lead to chemotherapy sensitivity 
is unknown. 

 COMBINATION CHEMOTHERAPY 

 While the rare tumors choriocarcinoma and African 
Burkitt’s lymphoma may be cured with single-agent 
methotrexate and single-agent cytoxan, respectively, 
the modern era of chemotherapy began when it was 
recognized that by combining active drugs from dif-
ferent classifi cations and with different mechanisms of 
action, tumor cell kill was markedly enhanced even if 
lower doses of individual drugs were utilized. By com-
bining agents with different mechanisms of actions, the 
risk of allowing a large number of insensitive cells to 
survive can be minimized by killing cells within a tumor 
type with different growth kinetics and different driving 
forces of cellular reproduction (33). In selecting drugs 
to use in combination therapy, it is highly relevant to 
consider whether each drug in the combination is ac-
tive against the tumor, that toxicity overlap be kept to a 
minimum, and that the dose of each individual drug in 
the combination must provide tumor cell lethality. 

 Dose Intensity 

 Because the drug–tumor dose–response curve is sig-
moidal, with an initial lag phase, a linear phase, and a 
plateau, tumor kill is always best if drugs can be given 
when tumor cells are in the linear phase. Since in vivo 
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human tumors do not “announce” which phase they are 
in, adjuvant trials should be designed to administer the 
highest possible dose at the most frequent intervals. A 
useful working defi nition of dose intensity has been pro-
vided by Hryniuk et al. as the amount of drug delivered 
per unit time (usually the time period is 1 week) (34). 
In solid tumors, the importance of dose intensity has 
been documented in the treatment programs for ovar-
ian, breast, lung, and colon cancers (35,36). Adhering 
to dose intensity is even more relevant in attempting cu-
rative combination chemotherapy for patient with lym-
phomas and acute leukemia (37). 

 Although dose intensity may be achieved by maxi-
mizing dose, it has now been shown that dose intensity 
can be improved by increasing “dose density,” essen-
tially decreasing the interval between cycles. The report 
of Intergroup trial C9741 clinically validated this prin-
ciple. Using a 2 × 2 design, these investigators tested 
a 3-week cycle of sequential single-agent doxorubicin, 
cytoxan, and paclitaxel × 4 against a 2-week cycle of 
the same sequential single agents versus a conventional 
3-week cycle combination doxorubicin and cytoxan × 
4 followed by paclitaxel × 4 versus a 2-week cycle of 
dose-dense doxorubicin and cytoxan × 4 followed by 
paclitaxel × 4 for adjuvant therapy for patients with 
node-positive breast cancer. All patients in the dose-
dense 2-week regimens received fi lgastrim. Dose-dense 
therapy improved the primary end point of disease free 
survival (risk ratio = 0.74;  P  = 010) and overall survival 
(risk ratio = 0.69;  P  = .013) (38). 

 Applying the principles of dose intensity and dose 
density may not be applicable in situations where the 
clinical goal is palliation, not cure. Combination chemo-
therapy is almost always more toxic than single-agent 
chemotherapy. In an Eastern Cooperative Oncology 
Group trial reported by Sledge et al., patients with dis-
seminated breast cancer were randomized to receive se-
quential single-agent doxorubicin and paclitaxel versus 
a combination of the 2 agents. Combination therapy 
provided a superior response rate to sequential therapy, 
but this did not translate into improved overall survival 
or a better quality of life (39). 

 ACTIVE AGENTS AGAINST 
ESOPHAGEAL CANCER 

 Although 2 distinct histologic types of esophageal can-
cer are recognized, the panel of active chemotherapeu-
tic agents against esophageal cancer appears to be the 
same whether the tumor is derived from glands (ad-
enocarcinoma) or squamous mucosa (squamous cell 
carcinoma). Active compounds against esophageal 
cancers are found across the entire spectrum chemo-
therapeutic agents. These include antimetabolites such 

as 5-fl uorouracil (5-FU); platinum compounds such as 
cisplatin, carboplatin, and oxaliplatin; vinca alkaloids 
such as vindesine; taxanes such as paclitaxel; topo-
isomerase poisons such as irinotecan and etoposide; 
and antibiotics such as mitomycin-c. Currently, there 
are scant data regarding response rates of EGFR- and/
or VEGFR-targeted agents against primary or meta-
static esophageal cancer. 

 Fluoropyrimidines 

 Antimetabolites such as 5-FU can be considered “indi-
rect effectors” of DNA function. 5-FU was rationally 
designed to inhibit the incorporation of uracil into 
DNA by targeting the enzyme thymidylate synthase 
(TS) (40). TS gene expression has been shown to be a 
factor in resistance and/or sensitivity to 5-FU. The TS 
gene promoter regulates tandemly (TR) repeated se-
quences that are polymorphic in humans (41). Of the 3 
most common TS polymorphisms (TR 2/2, TR 3/3, and 
TR 2/3), tumors homozygous for double TR (TR 2/2) 
and heterozygous (TR 2/3) appear to be more sensitive 
to 5-FU than those tumors homozygous for triple TR 
(TR 3/3) (42). In vitro studies have indicated tumors 
with the TS polymorphism that is homozygous for the 
triple TR produce an excess of TS. Since 5-FU is most 
effective when it can overwhelm the tumor’s TS, the ex-
pression of TS and the polymorphic state of TS within 
the tumor are the major determinants for 5-FU sensitiv-
ity/resistance. As a single agent, response rates to 5-FU 
(and all the chemotherapeutic agents discussed in this 
chapter) will vary depending on whether investigators 
are measuring the primary tumor or metastatic disease 
(43,44). Currently, when used to treat esophageal can-
cer, 5-FU is most often employed as an infusion over 
4 to 5 days or as a protracted infusion over 21 days 
in combination with a platinum analogue. Although 
swallowing pills can be a problem for patients with 
primary esophageal cancer, the oral fl uoropyrimidine 
capecitabine has been studied in combination with ox-
aliplatin (45). The most common toxicities caused by 
protracted infusion schedules of 5-FU and capecitabine 
include mucositis (especially in combination with radi-
ation), diarrhea, and palmar–plantar erythrodysesthia 
(hand–foot syndrome). Unless patients are defi cient in 
the key catabolic enzyme dihydropyrimidine dehydro-
genase, infusion schedules of 5-FU and the orally ad-
ministered capecitabine rarely cause grade III/IV clinical 
or bone marrow toxicities (46). 

 Platinum Analogues 

 Platinum-containing compounds, including cisplatin, 
carboplatin, and oxaliplatin, form the chemotherapy 
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backbone of almost all recent esophageal cancer neoad-
juvant interventions. In general, the cytotoxic action of 
platinum analogues is associated with the induction of 
DNA intrastrand, interstrand, and DNA-protein cross-
links (47). The major DNA adducts induced by cisplatin 
are interstrand cross-links (60%) and intrastrand biden-
tate N7 adducts with the bases guanine (60%) and ad-
enine (30%) (48,49). High tumor levels of DNA repair 
genes in esophageal cancers have been shown to confer 
resistance to cisplatin and its analogues (50,51). This 
leads to cross-linkage of DNA strands or breaks within 
DNA that can be modifi ed by families of DNA repair 
genes. Cisplatin, with single activity of between 17% 
and 70%, depending on measurement of response within 
the primary or metastatic lesions, is the only platinum 
analogue that has been tested has had substantial single-
agent phase II testing in esophageal cancer (44,52,53). As 
doses of cisplatin less than 400 mg/m 2  rarely cause bone 
marrow toxicity, it is a good drug to use in combination 
with radiation and other agents that may cause marrow 
toxicity. However, cisplatin has signifi cant emetogenic 
potential, requires signifi cant pretreatment hydration to 
avoid renal toxicity, causes ototoxicity, and affects the 
peripheral vasculature (possibly through neuropathy). 
Thus, efforts to replace cisplatin with oxaliplatin in the 
treatment of esophageal cancer have been investigated 
and published (54,55). 

 Irinotecan 

 Irinotecan, a semisynthetic camptothecin derivative, 
inhibits DNA topoisomerase I. In general, topoisom-
erases are nuclear enzymes that catalyze the formation 
of single- and/or double-strand DNA breaks and pro-
mote the rejoining of DNA strands. Thus, topoisom-
erases are critical for DNA replication, transcription, 
and recombination. Topoisomerase I catalyzes the for-
mation of single-stranded DNA breaks; topoisomer-
ase II catalyzes both single- and double-strand breaks 
(56). Inhibition of topoisomerase I sends a strong cel-
lular apoptotic signal (57). Irinotecan, essentially a 
prodrug, must be metabolized in the liver and other 
tissues to SN-38 (7-ethyl-10-hydroxy camptothecin) 
for activity. However, irinotecan itself is a weak acety-
cholinesterase inhibitor that can cause acute cholin-
ergic side effects. Irinotecan dose–limiting toxicities 
include diarrhea, nausea, vomiting, granulocytopenia, 
thrombocytopenia, and anemia (58). The expression 
level of topoisomerase I within a tumor has not been 
associated with irinotecan sensitivity or resistance. 
However, hypermethylation of the topoisomerase gene 
and mutant  K-ras  have been associated with resistance 
(59,60). In phase II testing, irinotecan at 125 mg/m 2  
weekly had a modest response rate of 14%. Never-
theless, with dose reductions to 65 mg/m 2  weekly in 

combination with cisplatin, excellent responses and 
acceptable toxicity have been reported in the neoad-
juvant setting (61). 

 Taxanes 

 Taxanes, including paclitaxel and docetaxel, are mi-
totic spindle inhibitors with activity against esophageal 
cancers. The taxane rings of paclitaxel and docetaxel 
stabilize microtubules against depolymerization. The 
stabilization promotes the nucleation and elongation 
phases of microtubule polymerization, reducing the tu-
bulin subunit concentration necessary for tubulin assem-
bly (62). The area of taxane-microtubule lumen binding 
is distinct from vinca alkaloids (63). Taxane toxicities 
include hypersensitivity reactions; broad effects against 
bone marrow, including white blood cells, platelets, and 
hemoglobin; peripheral neuropathy; fl uid retention; and 
occasional nausea and vomiting. In one phase II study, pa-
clitaxel at 250 mg/m 2  was administered every 3 weeks in 
conjunction with 5 µ/kg granulocyte colony-stimulating 
factor (G-CSF). Although toxicity was substantial, the 
investigators reported that 11 of 50 patients (22%) had 
either a complete or partial response (64). To reduce 
toxicity, a weekly program of paclitaxel at 80 mg/m 2  q 
week × 4 weeks was explored. Toxicity was reduced, 
but the response rate was 13% (confi dence interval [CI] 
6%–20%) (65). Phase II trials of single-agent docetaxel 
at 75 and 70 mg/m 2  yielded response rates of 18% and 
20%, respectively (66,67). 

 Vinca Alkaloids, Topoisomerase 
II Inhibitors, and Antibiotics 

 The spindle-inhibiting vinca alkaloids, vindesine and 
vinorelbine, have demonstrated single-agent response 
rates of 26% and 23%, respectively (68,69). Because 
vinca alkaloids have signifi cant peripheral neurologic 
and bone marrow toxicities, their use in combined mo-
dality treatment programs against esophageal cancer has 
been largely abandoned. The topoisomerase II inhibitor 
etoposide has been found to have modest activity against 
squamous cell esophageal cancers (70). Most trials using 
etoposide in combined modality therapy against esopha-
geal cancer have emanated from Europe. In combina-
tion with cisplatin and 5-FU plus radiation, the addition 
of etoposide appears to increase response rates, includ-
ing pCR rates. However, many investigators designing 
combined modality programs for patients with primary 
esophageal cancer have eschewed etoposide because it 
is associated with high rates of grade III and IV neutro-
penic fever requiring hospitalization (71). Mitomycin-c, 
a Japanese antibiotic and trifunctional alkylator, is of 
historic interest because of early publications suggesting 
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excellent activity when the administered with 5-FU and 
radiation for patients with primary, potentially curable 
squamous cell esophageal cancers (72,73). Unfortunately, 
mitomycin-c has predictable bone marrow toxicity and 
unpredictable but potentially life-threatening pulmonary 
toxicity. Pulmonary toxicity from mitomycin-c appears 
most often and is most severe in patients who undergo 
surgical excision of their esophageal cancer after chemo-
therapy and radiation. 

 APPLICATION OF CHEMOTHERAPY 
AGAINST ESOPHAGEAL CANCERS 

 Chemotherapy has an important role in the treatment of 
all stages of esophageal cancer. Details of specifi c trials 
in these stages are presented elsewhere in this text. For 
patients with incurable esophagus cancers, phase II trials 
have identifi ed active agents. The need for continuing 
phase II trials is evident from the median overall survival 
of less than 8 months for patients with disseminated 
esophageal or gastroesophageal junction tumors. Che-
motherapy for esophageal patients has also been tested 
after surgery, prior to surgery, with radiation therapy 
prior to surgery, and with radiation therapy without sur-
gery. There is now little doubt that chemotherapy with 
radiation adds to survival prior to surgery and that che-
motherapy and radiation enhance survival over radia-
tion alone. Thus, chemotherapy for esophageal tumors 
plays a curative role. 

 Incurable Esophageal Cancers 

 The principles of chemotherapy administration for 
esophageal cancer are no different than those applied to 
patients with most solid tumors. Chemotherapy is fre-
quently the only modality of value for patients present-
ing with incurable malignancies. Incurable patients with 
esophageal cancer may have widely disseminated cancer 
or tumors so locally advanced that cure is precluded. 
The goals for administering chemotherapy to patients 
with incurable esophageal cancers should include relief 
or palliation of symptoms, an overall improvement of 
quality of life, and prolongation of life. To make progress 
against esophageal cancer, it essential to enter patients 
with incurable cancer into clinical trials aimed at test-
ing drug doses and schedules (phase I) and determining 
response rate or a surrogate for response rate (phase II). 
Eventually, effi cacy of a new agent or combination of 
agents must be measured by improving disease-free sur-
vival (DFS), progression-free survival (PFS), or overall 
survival over a standard of care (phase III). The median 
overall survival for patients with incurable, disseminated 
cancer of the esophagus is less than 9 months. Standard 

agents, such as those briefl y discussed here, rarely ex-
tend DFS or PFS beyond 6 months. Thus, new drugs that 
extend median DFS or median PFS beyond 6 months 
will be of great interest. Because the 5-year survival 
for patients with potentially curable esophageal cancer 
is dismal, new active agents identifi ed in patients with 
incurable are quickly tested in neoadjuvant, combined 
modality setting. 

 Postoperative Adjuvant Therapy 

 A treatment program designed to improve survival for 
patients with solid tumors after they have received po-
tentially curative surgery is called “postoperative adju-
vant treatment.” Postoperative adjuvant chemotherapy 
prolongs survival for patients with breast cancer and 
colorectal cancer (74,75). A 5-year overall survival fol-
lowing esophageal cancer surgery of 12% demonstrates 
the need for effective postoperative therapy (76). How-
ever, even with modern techniques, the surgical pro-
cedures for esophageal usually leave patients far more 
debilitated than surgery for breast and colorectal can-
cers. Although Japanese investigators have published 
studies demonstrating a trend for improved postopera-
tive survival with adjuvant cisplatin and 5-FU, Western 
investigators have yet to undertake a large randomized 
postoperative trial for esophageal cancer patients (77). 

 Neoadjuvant Chemotherapy 

 Neoadjuvant cancer therapy is defi ned as an additional 
treatment administered prior to so-called established or 
standard therapy with the primary goals of increasing 
overall survival and improving the cure rate. Other ob-
jectives for neoadjuvant therapy include improved local 
tumor control; increased time to recurrence; less radi-
cal surgery, including organ sparing procedures; and, by 
using degree of response as guide, designing optimal fu-
ture treatment for an individual patient (78). 

 At diagnosis, regardless of histology, most locally 
advanced solid tumors (stage III) have clinically occult 
distant metastases, and a lesser number of early-stage tu-
mors (stages I and II) will also have occult distant metas-
tases. Thus, systemic treatment of microscopic distant 
metastases without the delay of postoperative healing 
and rehabilitation the earliest is a scientifi cally sound 
strategy. Employing a local treatment such as radiation 
prior to surgery makes it possible to eradicate tumor 
cells sterilizing the periphery of the surgical margins. 
This will decrease both local and distant metastases and, 
in anal cancers, rectal cancers, and laryngeal cancers, 
maintains cure rates while sparing organ function and 
integrity (79). Whether a preoperative treatment plan 
utilizes systemic chemotherapy or radiation therapy or 
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both, patients are generally treated early in their clinical 
course, before the necessity of recovery and rehabilita-
tion following surgery but without the benefi t of surgical 
staging. 

 Patients obtaining a complete pathologic response 
(pCR) after neoadjuvant therapy (or a near pCR) have 
the greatest chance for prolonged survival and the great-
est opportunity to be cured (80–82). Therefore, pCR 
has become the most important early end point for clini-
cians and their patients. In current phase II and phase 
III neoadjuvant trials, pCR is frequently used as surro-
gate end point for overall survival. Moreover, Swisher et 
al. reported that after chemotherapy and radiation, the 
stage per stage survival was statistically the same after 
neoadjuvant therapy as it was for those with the same 
stage taken to surgery without preoperative neoadjuvant 
treatment. Thus, any downstaging from neoadjuvant 
treatment improved patient survival (83). 

 Chemotherapy Alone as Neoadjuvant 
Therapy for Esophageal Cancer 

 Esophageal cancer tends toward early distant dis-
semination. Thus, investigators have concentrated on 
strategies to wipe out occult distant cancer prior to 
surgery. Nevertheless, the value of preoperative che-
motherapy without radiation for patients with esoph-
ageal and gastroesophageal junction tumors remains 
controversial. For most oncologists in North America, 
the question of administering chemotherapy prior to 
surgery appeared to be settled with the publication of 
the North American Intergroup trial 0013. The fi nal 
report, in 1998, indicated no improvement in survival 
for the patients who received neoadjuvant chemo-
therapy (84). However, in 2002, the British Medical 
Research Council reported a far larger phase III ran-
domized trial in which 802 patients with esophageal 
cancer (adenocarcinomas or squamous cell cancers) 
were randomized to receive either chemotherapy prior 
to surgery or surgery alone. Overall survival was sta-
tistically signifi cantly better for the patients who re-
ceived preoperative chemotherapy (hazard ratio 0.79; 
95% CI 67–93;  P  = 0.004) (85). 

 Neoadjuvant Chemotherapy and 
Radiation Prior to Surgery 

 The historic basis for combining external beam radia-
tion therapy (EBRT) with chemotherapy for esophageal 
cancer lay in the work of Nigro et al. at Wayne State 
University (WSU) in their treatment of anal cancers 
(86). Thus, Franklin et al., at WSU, tested infusion 5-FU 
with bolus mitomycin-c and radiation in essentially the 
same schedule and fractionation their colleagues used 

for anal cancer (87). Cisplatin, a radiation sensitizer, 
soon replaced mitomycin-c because it was less likely 
to cause bone marrow toxicity and pulmonary toxicity 
(88). Despite numerous reports noting the effi cacy of in-
fusion 5-FU with cisplatin and EBRT prior to surgery, 
a large randomized trial testing this combined modal-
ity program prior to surgery against surgery alone has 
never been completed (89). Recently, however, results 
of the aborted Cancer and Leukemia Group B random-
ized trial strongly suggested statistical signifi cance for 
combined modality therapy with surgery versus surgery 
(90). Furthermore, metanalyses, reviewing the 6 pub-
lished randomized trials, have concluded that combined 
chemotherapy and radiation prior to surgery results in 
signifi cant benefi t in disease-free survival and overall 
survival (91,92). 

 Chemotherapy and Radiation 
without Surgery 

 Chemotherapy in combination with EBRT without 
surgery improves overall survival for patients with 
esophageal cancer. With the publication of the Radia-
tion Therapy Oncology Group trial noting a statistically 
signifi cant survival for patients who received 5-FU and 
cisplatin with concomitant radiation versus radiation 
alone, chemotherapy and radiation have been defi ned 
as acceptable defi nitive, potentially curative therapy for 
patients with either squamous cell carcinoma or adeno-
carcinoma of the esophagus (93,94). At 5 years, 27% 
of the 61 patients who treated with chemotherapy and 
radiation group were alive; of the 62 patients random-
ized to receive radiation alone, none were alive beyond 
3 years ( P  < 0.001) (95). At 10 years, the overall survival 
for the combined modality group was 21% (96). The 
Eastern Cancer Oncology Group reported the results of 
a prospectively randomized trial in which 119 patients 
were randomized to receive 5-FU and mitomycin-c with 
radiation versus radiation alone. The investigators found 
that chemotherapy and radiation improved median sur-
vival from 9 months to 15 months ( P  = 0.04) (97). A 
meta-analysis evaluated 11 randomized prospective tri-
als comparing chemotherapy and radiation against ra-
diation alone; the hazard ratio for overall survival was 
0.73 (95% CI 0.64–0.84) in favor of the combined mo-
dality therapy (98). 

 Future of Chemotherapy 

 Although molecular-targeted agents for systemic can-
cer therapy are multiplying almost as fast as targets are 
found, not all targets drive tumor-cell turnover. Learning 
to fi t a treatment to the patient’s tumor is the most im-
portant next step in using systemic chemotherapy. This 
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dictum will hold for patients with esophageal cancers 
who are treated with a combination of agents and mo-
dalities (99). Actually, the future is upon us, as investi-
gators have demonstrated that expression levels of TS, 
EGFR, and the DNA repair genes  MDR  and  GSTπ1,  
harbored within a primary esophageal tumor, could be 
used to determine success and/or failure of fl uoropyrimi-
dine/platinum-based therapy (100–104). 

 Targeting genes associated with carcinogenesis 
may prove to be useful strategy for therapy of esopha-
geal cancers. The  COX-2  gene has been shown to be 
associated with carcinogenesis through increase in an-
giogenesis and suppression of apoptosis in response to 
a number of tumor-promoting factors. Overexpression 
of the COX-2 protein is associated with a poor prog-
nosis for patients with esophageal cancer. Indeed, high 
levels of  COX-2  in esophageal cancer specimens post-
chemotherapy correlated with had a negative outcome 
(105,106). Recently, it has been demonstrated that 
administration of celecoxib over a 4-week period will 
effectively downregulate COX-2 expression within ad-
enocarcinoma of the esophagus (107). Trials to judge 
whether such downregulation increases response to 
multiagent chemotherapy for patients with esophageal 
cancer are now underway. 

 Overexpression of HER-2 is found in approxi-
mately 20% of distal esophageal adenocarcinomas. 

The gene  c-erbB-2  ( HER2/neu ) is amplifi ed in approxi-
mately 6% to 8% of these tumors. Testing of drugs such 
as trastuzumab and lapatinib against these patients will 
yield information as to whether this gene is as important 
in driving esophageal carcinomas as it is in breast can-
cers. Similarly, the role of the EGFR inhibitor cetuximab 
must be tested in patients with adenocarcinomas of the 
esophagus who are receiving radiation to fi nd if it is as 
relevant to esophagus cancer patients as it is to patients 
with head and neck tumors receiving radiation (108). 

 SUMMARY 

 The application of chemotherapy for patients with 
esophageal cancer follows the same principles that 
apply to all solid tumor treatment. The role for che-
motherapy in prolonging survival for potentially cura-
tive patients has been well documented over the past 
15 years. To advance beyond the current state, inves-
tigators will have to apply their knowledge of tumor 
growth kinetics, the natural history of esophageal can-
cer, the mechanisms of drug actions, dose-intense and 
dose-dense therapy, as well as the mechanisms driving 
tumorigenesis, tumor cell growth and motility, tumor 
cell turnover, and tumor cell death. All these contrib-
ute to usefulness of current and future systemic therapy 
against esophageal cancers. 
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espite ongoing research in the treat-
ment of esophageal cancer, the prog-
nosis for long-term survival remains 
poor. Surgery alone for locally ad-
vanced disease results in 5-year 

survival of only approximately 20% (1). The addition 
of preoperative strategies such as chemoradiotherapy or 
perioperative chemotherapy results in 5-year survival of 
no more than 30% to 35% (2–4). In preoperative chemo-
radiotherapy trials, pathologic complete responses (pCRs) 
are seen in approximately 10% to 40% of patients at sur-
gery, with consistently superior 5-year survival rates of 
50% to 60% seen in these patients (5,6). 

 Similarly, in the metastatic setting, chemotherapy 
is the mainstay of palliative therapy and results in re-
sponse rates (RRs) of only 20% to 40% and median 
overall survivals (OS) of 8 to 10 months (7). Recent in-
vestigations have focused on the incorporation of a third 
chemotherapy agent into 2-drug regimens, resulting in 
modest improvements in survival but at the expense of 
considerable additional toxicity (8,9), potentially limit-
ing the adaptation of these 3-drug regimens by a patient 
population that is often elderly and has associated medi-
cal comorbidities. 

 Therefore, many investigators believe that the 
potential for making signifi cant progress lies in under-
standing and exploiting the molecular biology of these 
tumors. The focus of recent study has shifted toward 

testing newer agents that target specifi c molecular ab-
normalities known to occur in esophageal cancer. 

 The molecular targets of agents that are currently 
under active clinical evaluation include those related to 
growth regulation (epidermal growth factor receptor 
[EGFR]), angiogenesis (vascular endothelial growth fac-
tor [VEGF]), and infl ammation (cyclooxygenase-2). 

 The results of all the trials discussed in this chapter 
are summarized in Table 29.1.   

 EPIDERMAL GROWTH 
FACTOR RECEPTOR 

 EGFR or ERBB1 is a member of the ERBB transmem-
brane growth factor receptor family, which initiates signal 
transduction by activation of a receptor-associated tyro-
sine kinase (TK); ERBB also includes ERBB2, ERBB3, 
and ERBB4 (10). These receptors possess an extracellular 
ligand-binding domain, a transmembrane anchoring do-
main, and an intracellular cytoplasmic component that 
carries the TK activity. 

 The known ligands of the EGFR are epidermal 
growth factor (EGF) and transforming growth factor α 
(TGF-α). The binding of a ligand to the EGFR causes it 
to dimerize, either with itself or with another member of 
the ERBB family. Dimerization then leads to activation 
of the TK, recruitment of signaling complexes, and the 

 D
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TABLE 29.1
Summary of Trials of Targeted Therapiesa

Agents Disease stage Histology
No. of 
patients RR

pCR 
rate TTP OS Author

Anti-epidermal growth factor receptor (EGFR) monoclonal antibodies (moAbs)

Cetuximab 
+Cis/CPT/RT

Locally advanced AdenoCA 17 N/A 13% 
(2/15)

NS NS Enzinger et al. (41)

Cetuximab + 
Carbo/pacli-
taxel/RT

Locally advanced 25 adenoCA
9 SCC
3 gastric CA

37 N/A 43%
(7/16)

NS NS Suntharalingam 
et al. (45)

Cetuximab + 
FOLFIRI

Metastatic 4 adenoCA
34 gastric CA

38 44%
(of 34)

N/A 8 mos 16 mos Pinto et al. (46)

Cetuximab + 
FUFOX

Metastatic 25 adenoCA
27 gastric CA

52 65%
(of 46)

N/A 7.6 mos 9.5 mos Lordick et al. (47)

EMD72000 Metastatic
(phase I)

SCC 2 1 of 2 patients with 6-month 
partial response

Vanhoefer et al. (48)

EMD72000 + 
ECX

Metastatic 11 adenoCA
6 gastric CA

17 41% N/A NS NS Rao et al. (49)

Panitumumab Metastatic
(phase I)

NS 3 1 of 3 patients with 7-month 
stable disease

Figlin et al. (51)

Anti-EGFR tyrosine kinase inhibitors (TKIs)

Gefitinib Metastatic
(2nd line)

26 adenoCA
9 SCC
1 adenoSCC

36 3%
(of 
28)

N/A 2 mos 5.5 mos Janmaat et al. (27)

Erlotinib Metastatic
(2nd line)

17 adenoCA
13 SCC

30 7% N/A NS NS Tew et al. (22)

Erlotinib Metastatic 
(1st line)

44 adenoCA 70 9% N/A 2 mos 6.7 mos Dragovich et al. (23)

26 gastric CA 0% 1.6 mos 3.5 mos

Gefitinib + 5-FU/
Cis +/- RT

Locally advanced 
(27)

34 adenoCA
3 SCC

37 78% 
(of 25)

25%
(1 of 4)

NS NS Sunpaweravong
et al. (61)

Metastatic  (10) 50% 
(of 5)

N/A

Anti-Her2/neu moAb

Trastuzumab + 
Cis/paclitaxel/
RT

Locally
Advanced

AdenoCA 19 N/A 43%
(3 of 6)

NS 24 mos 
(median);
2-yr 50%

Safran et al. (76)

Trastuzumab + 
Cis

Locally advanced 
(1)

9 adenoCA
7 gastric CA

17 35% N/A NS NS Cortés-Funes 
et al. (77)

Metastatic (16)

Trastuzumab + 
paclitaxel/IL-12

Metastatic 
(phase I)

NS 4 2 of 4 patients with partial response Carson et al. (78)

Anti-vascular endothelial growth factor (VEGF) moAb

Bevacizumab + Metastatic 23 adenoCA 47 65% N/A 8.3 mos 12.3 mos Shah et al. (102)

Cis/CPT (1st line) 24 gastric CA

(Continued)
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TABLE 29.1
Summary of Trials of Targeted Therapiesa  (Continued)

Agents Disease stage Histology
No. of 
patients RR

pCR 
rate TTP OS Author

Bevacizumab + 
docetaxel

Metastatic 
(2nd line)

19 adenoCA
1 SCC
6 gastric CA

26 24% 
(of 17)

N/A NS NS Enzinger et al. (104)

Anti-VEGF TKI

Sunitinib Metastatic 
(2nd line)

Gastric & GEJ 
CA

42 5% N/A 17.1 
wks

50.7 wks Bang et al. (109)

Cyclooxygenase-2 (COX-2) inhibitors

Celecoxib + 
5-FU/Cis/RT

Locally advanced NS 31 N/A 23% (5 
of 22)

NS NS Govindan et al. (117)

Celecoxib + 
5-FU/Cis/RT

Locally advanced 10 adenoCA
3 SCC

13 N/A 17%
(1 of 6)

8.8 mos 19.6 mos Dawson et al. (118)

Celecoxib + Locally 30 adenoCA 36 N/A 44% NS NS Enzinger
et al. (42)

Cis/CPT/RT advanced 6 SCC (11 of 
25)

Cell-cycle inhibitors

Flavopiridol + 
paclitaxel

Metastatic 
(paclitaxel-
refractory)

NS 12 0% N/A NS NS Rathkopf et al. (121)

Bryostatin-1 + 
paclitaxel

Metastatic Gastric & GEJ 
CA

35 29%
(of 35)

N/A 4.25 
mos

8 mos Ajani et al. (123)

Bryostatin-1 + 
paclitaxel

Metastatic 22 adenoCA
2 SCC

24 27% 
(of 22)

N/A 3.7 mos 8.3 mos Ilson et al. (124) (up-
dated from abstract)

Abbreviations: a5-FU = 5-fluorouracil; AdenoCA = adenocarcinoma; AdenoSCC = adenosquamous; CA = cancer; Carbo = carboplatin; 
Cis = cisplatin; CPT = irinotecan; ECX = epirubicin/cisplatin/capecitabine; FOLFIRI = biweekly bolus 5-FU/leucovorin = irinotecan, 
infusional 5-FU; FUFOX = weekly oxaliplatin/leucovorin/infusional 5-FU; GEJ = gastroesophageal junction; N/A = not applicable; 
NS = not stated; OS = overall survival; pCR = pathologic complete response; RR = response rate; RT = radiation therapy; 
SCC = squamous cell carcinoma; TTP = time to progression.

downstream phosphorylation and activation of other 
effector signals (11). These downstream cascades are 
potent regulators of intracellular and intercellular pro-
cesses, such as cell cycle progression, apoptosis and cell 
survival, proliferation, angiogenesis, and metastasis. 

 EGFR is constitutively expressed in a number of 
tissues, including the skin, gut, and kidney. This normal 
pattern of EGFR expression may explain the toxicities 
associated with anti-EGFR therapy, which includes an 
acneform skin rash (12), diarrhea, and a magnesium-
wasting syndrome (13). In fact, in patients with colorec-
tal and non–small cell lung cancer (NSCLC), the severity 
of the rash observed with anti-EGFR therapies may cor-
relate with clinical response (14). 

 Overexpression of EGFR via immunohistochemis-
try (IHC) has been noted in many tumor types,  including 

head and neck, colorectal, pancreatic, renal cell, and 
NSCLC. EGFR expression correlates with poor prog-
nosis and advanced stage (15). In esophageal cancers, 
EGFR overexpression by IHC or gene amplifi cation by 
fl uorescent in situ hybridization (FISH) analysis also 
occur in 30% to 90% of tumors and correlate with in-
creased invasion, a more poorly differentiated histol-
ogy and a poorer prognosis (16–19). In general, EGFR 
overexpression is more common with the squamous cell 
carcinoma than adenocarcinoma histology. In addition 
to overexpression of EGFR, activating mutations have 
also been detected, most notably in NSCLC (20). Corre-
sponding mutations in the EGFR have not been detected 
in esophageal cancer (21–23). 

 There is also an increasing body of evidence that 
correlates the mutational status of K-ras, an oncogene 
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involved in an intricate array of signal transduction path-
ways, and responsiveness to anti-EGFR therapies. This 
correlation was fi rst noted in NSCLC, where patients 
with mutated K-ras were found to be unresponsive to 
anti-EGFR tyrosine kinase inhibitor (TKI) therapy (24). 
Subsequently, this correlation has also been observed in 
patients with metastatic colorectal cancer treated with 
cetuximab, an anti-EGFR monoclonal antibody (moAb), 
where responses and survival were positively correlated 
with wild-type K-ras status (25,26). 

 In the study by Khambata-Ford et al., gene ex-
pression profi ling also identifi ed elevated expression of 
epiregulin and amphiregulin as being correlated with pro-
gression-free survival (PFS). Epiregulin is known to bind 
more weakly to EGFR and ERBB4 than EGF but is much 
more potent than EGF and leads to a prolonged state 
of receptor activation. Elevated expression of epiregulin 
and/or amphiregulin may produce an autocrine signaling 
loop through EGFR and may characterize a tumor that is 
EGFR dependent and, therefore, particularly sensitive to 
strategies to block ligand-receptor interactions. 

 In esophageal cancer, relatively little is known about 
the incidence of mutated K-ras status and its predictive 
value for anti-EGFR therapy. In one recent study, 2 of 
23 patients (8.7%) were found to have mutated K-ras 
(27). In older studies, K-ras point mutations were noted 
in between 5% (1 of 21) to 30% (7 of 23) of adenocar-
cinoma samples and 0 of 27 squamous cell carcinoma 
samples (28,29). 

 Current anti-EGFR therapies that have been evalu-
ated in upper gastrointestinal malignancies include 
moAbs (cetuximab, panitumimab, and EMD72000 or 
matuzumab) and oral TKIs (erlotinib, gefi tinib). 

 Anti-EGFR moAbs 

 Cetuximab (C225, Erbitux®, Imclone Systems, Inc.) is 
a partially humanized murine IgG 1  moAb that binds to 
EGFR. It blocks binding of the ligands EGF and TGF-α 
to the EGFR and subsequent activation of the EGFR 
TK (30). Cetuximab also stimulates EGFR internaliza-
tion by endocytosis, preventing interaction of the EGFR 
with ligand (31). Finally, binding of cetuximab to the 
EGFR may result in immune-mediated mechanisms, 
such as antibody-dependent cytotoxicity, complement-
dependent cytotoxicity, and complement-dependent 
cell-mediated cytotoxicity (32,33). 

 Cetuximab has been approved by the U.S. Food 
and Drug Administration (FDA) for the treatment of 
irinotecan-refractory colorectal cancer, based on a phase 
III trial of cetuximab/irinotecan versus irinotecan in pa-
tients with irinotecan-refractory colorectal cancer (34). 
This trial demonstrated a superior RR (23% vs. 11%, 
 P  = 0.007) and time to progression (TTP; 4.1 vs. 1.5 

months,  P  < 0.001) for the combination over irinotecan 
alone. Recent data presented in abstract form of a ran-
domized phase III trial also demonstrated that the addi-
tion of cetuximab to fi rst-line FOLFIRI chemotherapy 
(biweekly 5-fl uorouracil or 5-FU/leucovorin/irinotecan 
and infusional 5-FU) in patients with metastatic colorec-
tal cancer resulted in a modest improvement in PFS (8.9 
vs. 8.0 months,  P  = 0.047) and RR (47% vs. 39%,  P  = 
0.005) (35). 

 In addition, cetuximab has also been approved by 
the FDA for use with concurrent radiotherapy for the 
treatment of locally advanced head and neck squamous 
cell cancers (HNSCC), as well as for the treatment of 
cisplatin-refractory metastatic or recurrent HNSCC. A 
pivotal phase III trial that compared cetuximab and ra-
diotherapy versus radiotherapy alone in stage III and IV 
HNSCC demonstrated a signifi cant improvement in lo-
coregional control (24.4 vs. 14.9 months,  P  = 0.005), PFS 
(17.1 vs. 12.4 months,  P  = 0.006), and OS (49.0 vs. 29.3 
months,  P  = 0.03) with combination therapy compared 
to radiation alone (36). A phase II evaluation of cetux-
imab monotherapy in cisplatin-refractory head and neck 
cancers produced an RR of 13% (37), which was not 
clearly improved with the addition of cisplatin in 2 other 
phase II evaluations (38,39). More recently, data from a 
randomized phase III trial of patients with recurrent or 
metastatic HNSCC treated with fi rst-line platinum-based 
chemotherapy with or without cetuximab demonstrated 
a survival benefi t for the addition of cetuximab (median 
OS 10.1 vs. 7.4 months,  P  = 0.036) (40). 

 In esophageal cancer, cetuximab is currently being 
actively evaluated. In the locally advanced setting, data 
have been mixed. Preliminary data have been presented 
for a phase II study of cetuximab, irinotecan/cisplatin, 
and concurrent radiotherapy followed by surgery for 
17 patients with locally advanced disease. The addition 
of cetuximab resulted in a lower-than-expected pCR 
rate of 13% as well as grade 3/4 toxicity in 100% of 
patients (41). In comparison, other phase I/II evalua-
tions of preoperative cisplatin/irinotecan and concur-
rent radiation followed by surgery have reported pCR 
rates of 17% to 32% (42–44). 

 Another pilot study of 37 patients yielded more 
promising results. In this phase II evaluation, cetuximab 
was combined with carboplatin/paclitaxel and concur-
rent radiation for locally advanced esophageal (34 pa-
tients; 25 with adenocarcinoma, 9 with squamous cell 
histology) and gastric cancers (3 patients) (45). Data 
presented in abstract form revealed a pCR rate of 43%. 
Toxicities were generally manageable, with no grade 
4 nonhematologic toxicities and grade 4 neutropenia 
seen in only 1 patient (3%). Grade 3 toxicities included 
esophagitis in 6 patients (20%), rash in 9 patients (30%), 
and a hypersensitivity reaction to cetuximab/paclitaxel 
in 2 patients (6%). 
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 In the metastatic setting, 2 phase II evaluations of 
cetuximab with cytotoxic chemotherapy have reported 
promising results. In one study, cetuximab was combined 
with the FOLFIRI regimen as fi rst-line therapy for pa-
tients with advanced gastric or gastroesophageal junc-
tion (GEJ) adenocarcinoma, with EGFR-positive tumors 
by IHC (46). In this study, 91% of patients who were 
screened were found to have EGFR-positive tumors, and 
38 patients were enrolled (4 with primary GEJ tumors 
and 34 with gastric tumors). Of 34 assessable patients, 
the RR was 44% (including a CR rate of 12%), while 
47% of patients had stable disease (SD). The median TTP 
was an impressive 8 months. Although the median OS 
for all 38 patients was not reached, it was estimated to be 
16 months. Major toxicities included grade 3/4 neutrope-
nia in 42% of patients (including 1 patient death due to 
febrile neutropenia, which occurred in 5% of patients). 
Skin rash occurred in 82% of patients but were grade 3 
and 4 in only 16% and 5% of patients, respectively. 

 In the second evaluation in the metastatic setting, 
cetuximab was combined with the FUFOX regimen 
(weekly oxaliplatin/leucovorin/infusional 5-FU) as fi rst-
line therapy in patients with metastatic/recurrent gastric 
and GEJ tumors regardless of EGFR staining (47). This 
study enrolled 52 patients (25 with GEJ tumors and 
27 with gastric tumors). Of 42 patients whose tumors 
were available for EGFR staining, 60% were found to 
be positive. 

 The RR was 65% (including a 9% CR rate), with 
SD in another 17% of patients. Median TTP was 7.6 
months, with median OS of 9.5 months. Response ap-
peared to be independent of EGFR status, and there even 
appeared to be a nonsignifi cant trend toward benefi t for 
EGFR-negative tumors over EGFR-positive tumors in 
terms of RR (77% vs. 54%), TTP (9.4 vs. 7.0 months), 
and OS (9.1 vs. 8.1 months). These survival data may 
be impacted by the fact that only 33% of patients dis-
continued therapy because of disease progression; other 
reasons for treatment discontinuation included toxicity 
(15%), patient withdrawal (11%), and discontinuation 
at the recommendation of an investigator because of a 
good response (25%). 

 Toxicities seen on this trial included grade 3/4 diar-
rhea in 33% of patients (6% grade 4), rash in 24% (all 
grade 3), and neutropenia in 6% of patients (all grade 
3). Two patients died on study, including 1 patient who 
developed febrile neutropenia and diarrhea and another 
who aspirated following a presumed allergic reaction to 
cetuximab. 

 EMD72000 or matuzumab is another humanized 
IgG 1  moAb against EGFR. In a phase I evaluation, it 
was found to be safe, with toxicities consisting primar-
ily of grade 1/2 skin toxicity (48). One of 2 patients 
with esophageal squamous cell carcinoma had a dura-
ble 6-month partial response (PR). 

 Another phase I evaluation combined EMD72000 
with the ECX regimen (epirubicin/cisplatin/capecitabine) 
as fi rst-line therapy for patients with EGFR-positive ad-
vanced gastric and GEJ tumors (49). Seventeen patients 
(including 7 with GEJ and 4 with lower esophageal tu-
mors) were subsequently enrolled. Seven patients (41%) 
had PRs. Major grade 3/4 toxicities included neutrope-
nia in 59% of patients, including febrile neutropenia in 
1 patient (6%). 

 Finally, panitumumab (ABX-EGF, Vectibix®, 
Amgen, Inc.) is a fully humanized IgG 2  moAb against 
EGFR that has been approved by the FDA for the treat-
ment of chemorefractory EGFR-positive colorectal 
cancer based on a phase III trial that demonstrated im-
provement in RR (10% vs. 0%,  P  < 0.0001) and mean 
PFS (13.8 vs. 8.5 weeks,  P  < 0.0001) over best support-
ive care (50). 

 A phase I evaluation of panitumumab in refractory 
solid tumors demonstrated SD for 7 months in 1 of 3 
patients with esophageal cancer (51). 

 In addition, there are also many ongoing or planned 
cooperative group and single-institution studies. For 
example, the phase III Radiation Therapy Oncology 
Group 04036 trial will soon open, comparing weekly 
cisplatin/paclitaxel and radiation with or without cetux-
imab as defi nitive therapy in locally advanced esopha-
geal cancer. 

 In the metastatic setting, the Cancer and Leukemia 
Group B (CALGB) is conducting a randomized trial in 
patients with metastatic disease of cetuximab with 1 of 
3 randomly assigned regimens: the ECF (epirubicin/cis-
platin/infusional 5-FU) regimen, cisplatin/irinotecan, or 
the FOLFOX regimen. At Memorial Sloan-Kettering 
Cancer Center (MSKCC), there is an ongoing trial of 
cetuximab, cisplatin/irinotecan for patients with esoph-
ageal and GEJ cancer refractory to prior cisplatin/iri-
notecan. The SWOG (Southwest Oncology Group) has 
also completed an evaluation of cetuximab as second-
line therapy for advanced esophageal adenocarcinoma, 
with results pending. 

 The REAL3 trial in the United Kingdom will also 
randomize patients with advanced esophagogastric can-
cer to the ECX regimen with or without panitumimab. 

 Anti-EGFR TKIs 

 TKIs are a class of oral, small molecules that inhibit ATP 
binding within the TK domain, leading to complete in-
hibition of EGFR autophosphorylation and signal trans-
duction (52). 

 Erlotinib and gefi tinib are oral TKIs against EGFR. 
Erlotinib (OSI-774, Tarceva®, Genentech, Inc.) has been 
approved by the FDA for the treatment of advanced 
NSCLC based on a phase III trial that demonstrated 
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an improvement in RR (9% vs. <1%,  P  < 0.001) and 
OS (6.7 vs. 4.7 months,  P  < 0.001) for erlotinib over 
placebo (53). Gefi tinib (ZD1839, Iressa®, AstraZeneca 
Pharmaceuticals) was initially approved by the FDA 
for the treatment of platinum- and docetaxel-refractory 
NSCLC based on a randomized phase II study of 2 dif-
ferent doses of gefi tinib (54). However, a subsequent 
phase III trial comparing gefi tinib with placebo did not 
reveal a survival benefi t (55), limiting its use in clinical 
practice to patients already receiving gefi tinib with on-
going clinical benefi t. Neither erlotinib nor gefi tinib has 
been shown to increase responses when combined with 
cytotoxic chemotherapy (56–59). 

 Erlotinib has also been approved for use with gem-
citabine in the fi rst-line treatment of pancreatic cancer 
based on a phase III trial that demonstrated a small im-
provement in OS for the combination over gemcitabine 
alone (median OS 6.2 vs. 5.9 months, 1-year survival 
23% vs. 17%,  P  = 0.038), without any improvement in 
the RR (60). 

 Both TKIs have been evaluated in advanced esoph-
ageal cancer, with modest results. In a phase II evalua-
tion of gefi tinib as second-line therapy in 28 assessable 
patients with advanced disease, it produced a 3-month 
partial response in 1 patient (3%) and SD in 10 oth-
ers (28%) (27). The median TTP was 2 months, with 
median OS 5.5 months. Controlled disease (objective 
responses plus SD) was associated with female sex and 
squamous cell carcinoma histology. There was also a 
nonsignifi cant trend toward improved median TTP (5.1 
vs. 1.8 months) and OS (7.8 vs. 2.8 months) for high 
versus low tumor EGFR expression. Of note, 2 patients 
found to have mutated K-ras status had early progres-
sion on gefi tinib therapy. 

 A phase II study of second-line erlotinib performed 
at MSKCC has been presented in abstract form (updated 
from presentation) (22). In this study of 30 patients with 
advanced esophageal and GEJ tumors, 2 (7%) had PRs, 
while 10 (33%) had SD. Both patients with a PR had 
squamous cell histology (2 of 13 patients, compared to 
0 of 17 patients with adenocarcinoma histology), EGFR 
overexpression, and nodal-limited disease. Retrospec-
tive sequencing of EGFR mutations (in exons 18, 19, 
and 21) was performed from 5 patients on this trial, 
including 1 responder, and no EGFR mutations were 
detected. 

 A similar phase II evaluation of fi rst-line erlo-
tinib in advanced gastric and GEJ adenocarcinoma 
was performed by the SWOG, in which patients were 
stratifi ed into a GEJ (44 patients) and gastric stratum 
(26 patients) (23). There were no responses in the 
patients with gastric primaries. In the GEJ stratum, 
the RR was 9% (1 CR and 3 PRs). The median time 
to failure was 1.6 and 2 months, respectively, for the 
gastric and GEJ strata, while the median OS was 3.5 

and 6.7 months, respectively. Again, no EGFR muta-
tions were detected out of 54 samples, and there was 
also no evidence of EGFR gene overamplifi cation by 
FISH. There were no differences in plasma EGF levels 
or serum proteomic profi les between responders and 
nonresponders. 

 Toxicities on all these trials were similar. In gen-
eral, therapy was well tolerated, with diarrhea and skin 
rash being the major toxicities. These occurred in 30% 
to 58% and 47% to 86% of patients, respectively, but 
were mostly grade 1/2. 

 Gefi tinib has also been combined with 5-FU/cis-
platin in a phase II evaluation of patients with stage II-
IVb esophageal cancer, with preliminary data recently 
presented (61). Of 37 patients enrolled (33 with squa-
mous cell, 4 with adenocarcinoma histology), 27 had 
stage II–IVa disease, while 10 had stage IVb disease. 
Patients with stage II-IVa disease were treated with ge-
fi tinib, 5-FU/cisplatin, and concurrent radiation, while 
patients with stage IVb disease received gefi tinib, 5-FU/
cisplatin alone. 

 Of the 25 evaluable patients with stage II-IVa dis-
ease, the clinical RR was 78% (including a 15% CR 
rate). Four of these patients underwent subsequent 
esophagectomy, and 1 (4% of patients enrolled or 25% 
of those who went to surgery) was found to have a pCR. 
Of 5 evaluable patients with stage IVb disease, the RR 
was 50%. Major grade 3/4 toxicities included neutrope-
nia (19%), leukopenia (19%), and anemia (16%). 

 Although these results are encouraging, evalua-
tion of the contribution of gefi tinib to this regimen is 
diffi cult given the inclusion of both patients with locally 
advanced and metastatic disease and the lack of survival 
data. While the pCR rate is the most validated end point 
in assessing the effi cacy of preoperative chemoradio-
therapy, only 4 of 25 evaluable patients with locally ad-
vanced disease underwent esophagectomy. 

 At present, there are other ongoing evaluations 
of erlotinib or gefi tinib with chemotherapy and radia-
tion for locally advanced disease as well as evaluations 
of these drugs with chemotherapy in the metastatic 
setting. 

 ANTI-HER-2/NEU THERAPY 

 Her-2/neu (ERBB2) is another member of the ERBB TK 
receptor family. Peptide ligand binding to the extracel-
lular domains of these receptors leads to homo- and het-
erodimerization of the receptors and subsequent tyrosine 
autophosphorylation. At least 9 different homo- and 
heterodimers of the ERBB proteins exist, with their for-
mation displaying a distinct hierarchy. In this network, 
Her-2/neu plays a major coordinating role since each re-
ceptor with a specifi c ligand appears to prefer Her-2/neu 



 29 • PRINCIPLES OF SYSTEMIC THERAPY: TARGETED THERAPY 261

as its heterodimeric partner. This preference is further 
biased by overexpression of Her-2/neu, as seen in many 
types of human cancer cells (62). For example, overex-
pression and amplifi cation of Her-2/Neu by IHC and/or 
FISH has been noted in up to 20% of breast cancers and 
carries a poor prognosis (63,64). 

 Trastuzumab (Herceptin®, Genentech, Inc.) is a 
humanized IgG 1  moAb against Her-2/neu. Based on a 
number of seminal studies, it has been approved by the 
FDA for use in combination with chemotherapy as ad-
juvant therapy for Her-2/neu- and node-positive breast 
cancer (65–67). It is also approved for use in the meta-
static setting either as monotherapy (68,69) or in combi-
nation with chemotherapy (70). 

 Trastuzumab is generally very well tolerated, with 
the exception of rare cardiac dysfunction, which is pos-
tulated to occur because Her-2 signaling is important 
for cardiac development (71). As a single agent, trastu-
zumab causes cardiac dysfunction in 3% to 7% of pa-
tients, with the risk appearing to be greatest when it is 
combined with anthracycline-containing regimens (27% 
vs. 8% compared to an anthracycline/cyclophosphamide 
alone) (72). As such, concurrent use of an anthracycline 
and trastuzumab is contraindicated. 

 In esophageal cancer, HER-2/neu overexpression 
has been variably demonstrated in esophageal squamous 
cell carcinoma (mean 23%, range 0%–52%) and GEJ 
adenocarcinoma (mean 22%, range 0%–43%) (73,74). 
The wide range of expression refl ects the differences in 
receptor testing based on IHC or FISH as well as the 
varied cancer stages of patients. In esophageal squamous 
cell cancer, Her-2/neu overexpression has been correlated 
with extramural invasion and poor response to neoadju-
vant chemotherapy (74). In GEJ adenocarcinoma, some 
studies have demonstrated a correlation with increasing 
depth of invasion, lymph node and distant organ metas-
tasis, and overall poor survival (75). 

 Trastuzumab has undergone initial evaluation in 
esophageal cancer with encouraging results. In a phase 
I/II trial, increasing doses of trastuzumab were com-
bined with cisplatin/paclitaxel and concurrent radiation 
for patients with locally advanced disease who were 
found to have 2+ (weakly positive) or 3+ (strongly posi-
tive) Her-2/neu overexpression by IHC (76). Out of 19 
patients enrolled, 13 patients were treated at the full 
trastuzumab dose of 4 mg/kg during week 1 and then 
2 mg/kg weekly for 5 weeks. The trial was closed prior 
to full accrual to 25 patients at the full trastuzumab dose 
because of slow accrual due to the fact that only ap-
proximately one-third of patients screened had tumors 
with Her-2/neu overexpression. 

 Of the 19 patients, 14 (74%) patients had either 3+ 
overexpression by IHC or an increase in Her-2/neu gene 
copy number by FISH. Of these 14 patients, 8 (57%) 
achieved a clinical CR. Six subsequently underwent 

 surgery, and 3 were found to have achieved a pCR. One 
of 5 patients with 2+ Her-2/neu positivity by IHC but 
negative FISH achieved a clinical CR. At surgery, the 
patient was found to have residual microscopic disease. 
Therefore, the pCR rate was 16% for all patients en-
rolled and was 43% for patients who went to surgery. 
With a median follow-up of 54 months, the median OS 
was 24 months, with 2-year survival of 50%. 

 Toxicities were generally manageable, with only 1 
incidence each (5%) of grade 3 and grade 4 esophagitis. 
Other grade 3/4 toxicities included neutropenia (21%) 
and nausea (16%). There was no cardiac toxicity. 

 In the metastatic setting, 2 trials combining trastu-
zumab with chemotherapy have been reported in ab-
stract form. Preliminary results for an ongoing phase 
II evaluation of trastuzumab and cisplatin as fi rst-line 
therapy for patients with locally advanced or metastatic 
gastric and GEJ adenocarcinoma with Her-2/neu over-
expression by IHC and/or FISH were recently reported 
(77). Of 17 evaluable patients, 44% had involvement of 
the GEJ, and 16 of 17 had metastatic disease. Responses 
were seen in 6 patients (35%, including 1 CR), while 3 
(18%) had SD. Treatment appeared tolerable, with no 
grade 4 toxicities. 

 A phase I trial has evaluated the combination of 
trastuzumab with paclitaxel (and increasing doses of 
interleukin-12) for patients with advanced Her-2/neu 
overexpressing tumors (78). Of 21 patients enrolled, 
4 had esophageal cancer. Although the extent of prior 
therapy was not indicated, 2 of 4 esophageal cancer pa-
tients had a PR. 

 Vascular Endothelial 
Growth Factor 

 Therapies directed against vascular endothelial growth 
factor (VEGF) are the focus of major ongoing research 
in solid tumor malignancies. Folkman and others have 
provided compelling evidence linking tumor growth and 
metastases with angiogenesis (79). 

 Of the identifi ed angiogenic factors, VEGF is the 
most potent and specifi c and has been identifi ed as a cru-
cial regulator of both normal and pathologic angiogenesis. 
VEGF produces a number of biologic effects, including 
endothelial cell mitogenesis and migration and induction 
of proteinases, leading to remodeling of the extracellular 
matrix, increased vascular permeability, and maintenance 
of survival for newly formed blood vessels (80). 

 Increased expression of VEGF has been measured 
in most human tumors examined to date, including tu-
mors of the lung, breast, thyroid, gastrointestinal tract, 
kidney, bladder, ovary, and cervix, as well as angiosar-
comas and glioblastomas (80). Nevertheless, a lack of 
correlation between baseline serum VEGF levels and re-
sponse to anti-VEGF therapies has been noted in many 
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tumor types, including colorectal cancer, breast cancer, 
and renal cell cancer. This lack of correlation may be due 
to complexities in the angiogenic pathway or limitations 
in the sensitivity of current assays for VEGF (81). 

 In esophageal cancer, VEGF is overexpressed in 30% 
to 60% of patients, with several studies demonstrating a 
correlation between high levels of VEGF expression, ad-
vanced stage, and poor survival in patients undergoing 
a potentially curative esophagectomy (82–86). Studies 
in squamous cancers have indicated that expression of 
VEGF in tumors correlates with more advanced tumor 
stage, the presence of nodal and distant metastases, and 
a poorer survival outcome (84,87). 

 In esophageal adenocarcinoma, increasing expres-
sion of VEGF correlates with the transition from Bar-
rett’s esophagus to high-grade dysplasia and with the 
transition from microinvasive to locally advanced can-
cer (88,89). While some investigators have not detected 
a relationship between VEGF expression and outcome 
in the adenocarcinoma histology (90), one series of 75 
tumor samples obtained at esophagectomy did show 
that VEGF expression was correlated with the presence 
of angiolymphatic invasion, nodal metastases, and sur-
vival (91). 

 The lack of a clear correlation between baseline 
VEGF expression and outcome in patients with esopha-
geal adenocarcinoma may be explained in part by the 
fi nding that tumor expression of VEGF actually increases 
after preoperative chemoradiation (92). Elevated serum 
levels of VEGF are also noted to persist following pre-
operative chemoradiation (even for those patients who 
are subsequently found to have a pCR at surgery), which 
suggests that nontumor cells, possibly tumor-infi ltrating 
macrophages, may be responsible for VEGF production 
(93,94). 

 Anti-VEGF therapies that have been evaluated in 
esophageal cancer include the moAb, bevacizumab, and 
the multitarget TKI sunitinib. 

 Anti-VEGF moAb 

 Bevacizumab (Avastin®, Genentech, Inc.), a humanized 
IgG 1  monoclonal antibody against VEGF, has been ex-
tensively investigated in many solid tumor malignancies. 
The addition of bevacizumab to cytotoxic chemother-
apy has been shown in several phase III clinical trials to 
improve the RR, TTP, and OS in patients with colorectal 
cancer (95), NSCLC (96), and breast cancer (97). On the 
basis of these studies, bevacizumab has been approved 
by the FDA for the treatment of metastatic colorectal 
cancer and NSCLC. 

 In addition to direct antiangiogenic effects, it has 
been postulated that bevacizumab may exert its an-
titumor effect in part by normalizing the “leaky” and 
disorganized vasculature within tumors. This leads to 

decreases in interstitial fl uid pressures and increases che-
motherapy drug delivery (98,99). 

 Bevacizumab is associated with unique side effects. 
In the phase III evaluation in advanced colorectal cancer, 
bevacizumab was noted to increase the incidence of grade 
3 hypertension (11.0 vs. 2.3%,  P  < 0.01) compared to 
chemotherapy alone. Colonic perforation was also noted 
in 1.5% of patients (vs. 0% in the chemotherapy-only 
arm) (95). In the phase III evaluation in NSCLC, treat-
ment with bevacizumab plus chemotherapy also led to 
an increased incidence of grade 3/4 proteinuria (3.1% 
vs. 0%,  P  < 0.001) and bleeding (4.4% vs. 0.7%,  P  < 
0.001) compared to chemotherapy alone (96). Although 
bevacizumab is not generally thought to increase myelo-
suppression from chemotherapy, this trial also noted in-
creased neutropenia (25.5% vs. 16.8%,  P  = 0.002) and 
thrombocytopenia (1.6% vs. 0.2%,  P  = 0.04) in the bev-
acizumab group. A previous randomized phase II trial in 
NSCLC had indicated that squamous cell histology was 
a risk factor for potentially fatal pulmonary hemorrhage, 
which led to the exclusion of such patients in the phase III 
trial (100). Finally, a recent meta-analysis also confi rmed 
that bevacizumab and chemotherapy are associated with 
an increased incidence of arterial thromboembolism over 
chemotherapy alone (hazard ratio 2.0, 95% confi dence 
interval [CI] 1.05–3.75;  P  = 0.031) (101). The increased 
risk was associated with more advanced age (over 65) 
and in patients with preexisting cardiovascular risk fac-
tors. The incidence of venous thromboembolism did not 
appear to be increased. 

 In upper gastrointestinal malignancies, bevaci-
zumab has been evaluated in the metastatic setting. In a 
multicenter phase II evaluation led by MSKCC, bevaci-
zumab and cisplatin/irinotecan were studied as fi rst-line 
therapy in 47 patients with advanced gastric and GEJ 
adenocarcinoma (102). The addition of bevacizumab 
to cytotoxic chemotherapy signifi cantly improved the 
TTP (8.3 months; 95% CI, 5.5–9.9 months) and OS 
(12.3 months; 95% CI, 11.3–17.2 months), compared 
to a historical TTP of 5 months. Therapy was well tol-
erated, although a 6% incidence of gastric perforation 
or near perforation and a 2% incidence of myocardial 
infarction were noted, possibly consistent with known 
toxicities of bevacizumab. Although the primary tumor 
was intact in 40 patients, signifi cant upper gastrointes-
tinal bleeding occurred in only 1 patient (2%). Grade 
3/4 thromboembolic events were observed in 25.5% of 
patients, although this was noted to be similar to the 
30% incidence previously observed in patients with lo-
cally advanced gastric cancer receiving preoperative cis-
platin/irinotecan therapy (103). 

 Another evaluation of bevacizumab and docetaxel 
as second-line therapy for patients with advanced 
esophageal and gastric cancer has also been reported 
in abstract form (104). In this study, 26 patients were 
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enrolled. Patients were allowed to have up to 1 prior 
therapy for metastatic disease. Of 17 patients evaluable 
for response, 4 PRs (24%) were noted, with an addi-
tional 4 SDs (24%). All responses occurred in patients 
with prior cisplatin/irinotecan therapy. In comparison, 
2 prior phase II evaluations of docetaxel in chemotherapy-
naive patients with gastric or esophageal adenocar-
cinoma reported a RR of 17% (105,106). Grade 3/4 
toxicities on this trial included gastrointestinal bleeding 
(12%) and arterial thromboses (8%). 

 At present, there are ongoing trials evaluating be-
vacizumab in the locally advanced setting. At MSKCC, 
a trial is evaluating the combination of bevacizumab, 
cisplatin/irinotecan as induction chemotherapy followed 
by concurrent chemoradiotherapy with the same regi-
men and surgery for locally advanced esophageal ad-
enocarcinoma. The Sarah Cannon Research Institute is 
also performing a phase II evaluation of carboplatin/pa-
clitaxel/5-FU, bevacizumab, erlotinib, and radiation for 
locally advanced disease. In the United Kingdom, the 
ongoing MAGIC 2 trial randomizes patients with re-
sectable gastric and GEJ cancer to receive perioperative 
ECX chemotherapy with or without bevacizumab. 

 In the metastatic setting, bevacizumab is being 
combined with a number of chemotherapy combina-
tions and, in one trial, with erlotinib. 

 Anti-VEGF TKIs 

 Sunitinib (SU11248, Sutent®, Pfi zer, Inc.) is an oral mul-
titarget tyrosine kinase inhibitor that has activity against 
VEGF receptor (VEGFR). It is approved as fi rst-line 
therapy for advanced renal cell cancer based on a phase 
III trial of sunitinib versus interferon-α that demon-
strated improved PFS (11 vs. 5 months,  P  < 0.001), RR 
(31% vs. 6%,  P  < 0.001) and quality of life ( P  < 0.001) 
for sunitinib (107). In addition, it is also approved as 
therapy for advanced imatinib-resistant gastrointestinal 
stromal tumors (GISTs), based on its inhibitory activity 
against the c-kit TK and based on a phase III evaluation 
of sunitinib versus placebo for patients with imatinib-
resistant GISTs (108). 

 Sunitinib has undergone promising initial evalu-
ation in advanced gastric and GEJ cancer (109). In a 
multicenter phase II trial, 42 patients received sunitinib 
as second-line therapy. Of these, 2 patients (5%) had 
a PR, while another 15 (36%) had SD. Median TTP 
was 17.1 weeks, while median OS was 50.7 weeks. 
Toxicities were comparable to those seen on other tri-
als with sunitinib. Signifi cant grade 3/4 toxicities in-
cluded hand–foot syndrome (10%), fatigue (10%), and 
anorexia (10%). Grade 3/4 hematologic toxicities in-
cluded neutropenia (31%), thrombocytopenia (29%), 
and anemia (14%). 

 An evaluation of sorafenib (BAY 43-9006, Nexa-
var®, Bayer, Inc.), another multitarget TKI with anti-
VEGFR activity that is also approved for advanced renal 
cell cancer, is planned at MSKCC for patients with ad-
vanced esophageal and GEJ tumors. 

 CYCLOOXYGENASE-2 INHIBITION 

 There has been growing preclinical evidence to link the 
expression of cyclooxygenase-2 (COX-2), an inducible 
enzyme that catalyzes prostaglandin synthesis, and carci-
nogenesis in Barrett’s esophagus. COX-2 affects several 
pathways, including those of apoptosis, angiogenesis, 
infl ammation, and immune surveillance (110,111). The 
use of aspirin and other nonsteroidal anti-infl ammatory 
drugs (NSAIDs) to inhibit COX-2 has been associated 
with a lower esophageal cancer rate (112). A meta-
analysis of 9 epidemiologic studies pooling 1,813 cancer 
cases showed a 43% risk reduction for esophageal can-
cer in patients who used NSAIDs (50% risk reduction 
for aspirin), with a trend toward a dose response (113). 

 Based on these preclinical and observational data, 
the Chemoprevention for Barrett’s Esophagus Trial was 
implemented (114). This was a multicenter phase IIb 
randomized trial from April 2000 until June 2003 in 
which patients with Barrett’s esophagus and low- or 
high-grade dysplasia were randomized to receive either 
a COX-2-specifi c inhibitor, celecoxib (Celebrex®, Pfi zer, 
Inc.), 200 mg, twice daily or placebo. There was no dif-
ference in the primary outcome, which was the change 
from baseline to 48 weeks of therapy in the proportion 
of biopsy specimens with dysplasia in the celecoxib 
and placebo arms. Similarly, there were no differences 
in total surface area of the Barrett’s esophagus or other 
biomarkers that were measured, including COX-1/2 
mRNA levels, between both groups. Coupled with the 
cardiovascular risk that is now known to be associated 
with these drugs (115,116), the use of COX-2 inhibitors 
as chemoprevention cannot be considered routine. 

 In the United Kingdom, the ongoing Aspirin Esom-
perazole Chemoprevention trial hopes to randomize 
5,000 patients with Barrett’s esophagus to either 20 or 
80 mg of esomeprazole (Nexium®, AstraZeneca, Inc.) 
daily. Half these patients will also be randomized to re-
ceive aspirin 300 mg daily. The primary end point will 
be the mortality or conversion rate from Barrett’s esoph-
agus to adenocarcinoma or high-grade dysplasia with 
aspirin or high-dose esomeprazole therapy. Trial accrual 
is estimated to be completed in December 2008, with the 
fi rst interim analysis in 2010. 

 In the context of locally advanced disease, 3 trials 
have evaluated combinations of COX-2 inhibitors and 
preoperative chemoradiotherapy. In one phase II trial of 
31 patients, celecoxib was combined with cisplatin/5-FU 
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and radiation followed by surgery and adjuvant cele-
coxib (117). 22 patients (71%) underwent surgery, and 
5 were found to have a pCR (16% of those enrolled and 
23% of those who underwent surgery). Survival data 
were not available. 

 In a second, similar phase I/II trial, escalating doses 
of celecoxib were administered with cisplatin/5-FU and 
radiation to 13 patients prior to trial closure because of 
concerns about the safety of celecoxib (118). Seven of the 
13 patients (54%) had a clinical CR, and 6 subsequently 
underwent surgery, with 1 pCR (8% of those enrolled 
and 17% of those who went to surgery). The median PFS 
was 8.8 months, and the median OS was 19.6 months. 

 The third phase II trial combined celecoxib with 
cisplatin/irinotecan and radiation, followed by surgery 
and maintenance celecoxib (42). On preliminary analy-
sis, 25 of 36 patients had completed chemoradiotherapy 
and surgery, with 11 pCRs (31% of those enrolled and 
44% of those who went to surgery). 

 Toxicities on all these trials were manageable and 
did not appear to be worsened by the addition of cele-
coxib. With the exception of the third trial, for which 
additional follow-up is required, however, there does 
not appear to be signifi cant benefi t for the addition of 
celecoxib when compared to historical controls. 

 OTHER TARGETS 

 In addition to the more established therapies discussed 
here, other tumor targets are also being actively evalu-
ated. These include elements that control the cell cycle as 
well as apoptosis. Derangements in these processes have 
been linked to the malignant phenotype (119). 

 Flavopiridol is an inhibitor of cyclin-dependent ki-
nases, which are required for cell cycling. Based on in 
vitro data that fl avopiridol enhances paclitaxel-induced 
apoptosis, as well as promising data from a phase I trial 
(120), a phase II evaluation of sequential paclitaxel and 
fl avopiridol was performed in patients with metastatic, 
paclitaxel-refractory esophageal cancer (121). Of 12 
evaluable patients, 2 had SD, while the other 10 had 
PD; no responses were seen. 

 Bryostatin-1 is an inhibitor of protein kinase C, 
which is thought to mediate antiapoptotic signals (122). 
Two phase II evaluations have evaluated the combina-
tion of sequential paclitaxel and bryostatin-1 in esopha-
gogastric cancer (123,124). While both studies suggest 
that this may be a potentially active combination, unex-
pected grade 3/4 myalgias were noted in approximately 
half of all patients in both studies. 

 Finally, other novel targets have recently been 
identifi ed, including the tyrosine kinase receptor C-met, 
which has established oncogenic properties in several 
human cancers, including esophageal adenocarcinoma 
(125); the telomerase enzyme, which is responsible for 
the maintenance of telomere length in chromosomes and 
is thought to be important for cell immortalization as 
well as the early oncogenesis of esophageal squamous 
cell carcinoma (126, 127); and insulin-like growth fac-
tor (IGF) receptor and its ligand IGF-1, which have 
been implicated in the development, maintenance, and 
progression of human cancers, including esophageal 
cancer (128–131). Specifi c inhibitors to some of these 
targets have been identifi ed and are currently undergo-
ing preclinical and clinical evaluation in several human 
malignancies. 

 CONCLUSION 

 Drug development in cancer therapeutics has been trans-
formed by our increasing understanding of the cellular 
mechanisms of carcinogenesis and our ability to design 
rational therapies to specifi cally target these aberrancies. 
In esophageal cancer, targeted therapies remain in early 
development, although encouraging results have been 
reported for anti-EGFR and anti-VEGF therapies, spe-
cifi cally cetuximab and bevacizumab. 

 In the next several years, ongoing clinical trials are 
expected to elucidate the role of these targeted therapies 
as single agents or in combination with chemotherapy or 
chemoradiotherapy. At the same time, researchers will 
continue to incorporate new targeted therapies, includ-
ing novel multitarget TKIs currently undergoing phase 
I/II clinical evaluation, into future trials.  
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  30    
Principles of Radiation 
Therapy 

 Melenda Jeter 

adiation therapy has been used as 
a cancer treatment for more than 
100 years. X-rays were fi rst de-
scribed by Roentgen. The fi eld of 
radiation therapy began to grow in 

the early 1900s, largely due to the groundbreaking work 
of Nobel Prize–winning scientist Marie Curie, who dis-
covered the radioactive element radium. In the 1930s, 
clinical therapy using protracted, fractionated radiation 
therapy was developed by Henry Coutard. The more 
recent treatment era began with the use of Cobalt-60 
as a radiation source, which has been largely replaced 
by the linear accelerator. Two-dimensional therapy has 
been largely replaced by 3-D–conformal radiation ther-
apy (3DCRT). Currently, it is not uncommon to treat 
patients with intensity modulated therapy or even have 
a discussion about proton therapy. Alongside the techni-
cal advances has been increasing knowledge of radiation 
biology. This has allowed a better understanding of the 
molecular biology of radiation effects and has enhanced 
the possibility of signifi cant improvement in using ra-
diation therapy for treating cancer. To understand the 
principles of radiation therapy, one must study 3 funda-
mental perspectives: physical, biologic, and clinical. This 
chapter will address these 3 areas. 

 RADIATION PHYSICS 

 Ionizing radiation used in radiation therapy includes 
both electromagnetic waves and particulate radiation. 
Electromagnetic waves are part of a broad spectrum 
that includes radio waves, visible light, X-rays, and 
gamma rays. In radiation therapy, X-rays and gamma 
rays are used. These types of radiation possess the same 
general properties but differ in only their source and 
energy. X-rays for cancer treatment are produced from 
a linear accelerator when energetic charged particles 
(usually electrons) impinge on a target and react with 
either atomic nuclei or orbital electrons. The maximum 
energy of the X-rays is in the megavoltage range, typi-
cally between 4 and 20 megavolts (MV). The penetrat-
ing megavoltage beams deliver a relatively low dose to 
superfi cial tissues. This is a property called “skin spar-
ing” and reduces skin reactions. Gamma rays are also 
produced in the megavoltage range during the decay 
of an unstable nucleus in a radioactive element such 
as Cobalt-60. However, due to limited penetration and 
sharpness, Cobalt-60 is less frequently used and typi-
cally restricted to head and neck cancers where targets 
are more superfi cial. X-rays and gamma rays are called 
photons. 

 R
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 Particulate radiation includes electrons and pro-
tons. Electrons from a linear accelerator can be used to 
deliver radiation to superfi cial tissues. Because electrons 
have both mass and charge, they interact over a shorter 
distance in tissues compared to photons and therefore 
lose energy more rapidly, limiting their penetration. With 
few exceptions, most radiation therapy is given with 
megavoltage linear accelerator machines using photons. 
Proton treatment is not readily available for daily radia-
tion therapy for the vast majority of cancer patients and 
is also considered by many to be experimental. 

 Radiation can be delivered by an external source 
over a distance (teletherapy), or from a short range by 
interstitial, intracavitary, or surface applicators (brachy-
therapy). The depth of penetration from any source 
depends on the energy of the photon. For example, for 
a 4 MV photon beam, 60% of the maximum dose is 
delivered to a depth of 10 cm, whereas for a 20 MV 
photon beam 80% of the maximum dose is delivered to 
this same depth (Figure 30.1) (1). For implants, the dose 
falls off rapidly, over a few centimeters, and follows the 
inverse square law (i.e., as the distance from the source 
is doubled, the dose falls to one-fourth its value).   

 Radiation may be directly or indirectly ionizing. 
Charged particles are directly ionizing. With suffi cient 
energy, they can directly disrupt the molecular structure 
of material through which they pass producing chemical 
and biological changes. Electromagnetic radiation is in-
directly ionizing. When absorbed in tissue, they give up 
their energy to produce fast-moving charged particles, 

which then infl ict the damage. In tissue, photons may 
interact in several ways. These include coherent scatter-
ing, photoelectric effect, Compton effect, pair produc-
tion, and photodisintegration. The dominant reaction 
depends on the energy of the radiation used. At the en-
ergies used in radiation therapy, the Compton effect is 
the dominant reaction. Here the photon interacts with 
a loosely bound orbital electron. Part of the energy of 
the incident photon is transferred to the electron. This 
Compton electron may then interact with other elec-
trons in the surrounding tissue. The remaining energy 
is carried away by another photon (Figure 30.2). The 
probability of Compton interactions is essentially inde-
pendent of the atomic number of the target tissue. Thus, 
the amount of radiation absorbed is roughly the same 
whether the target is bone or soft tissue. In contrast, the 
photoelectric effect that is seen at lower energies is highly 
dependent on atomic number. Therefore bone and soft 
tissue appear different on a diagnostic X-rays that use 
lower energy photons.   

 Protons and other heavy particles interact with the 
nucleus of an atom and not with the orbital electrons. 
They dislodge various lower-energy showers of densely 
ionizing protons, neutrons, and others and deposit a 
large amount of energy over a short distance. This re-
distribution of energy is called linear energy transfer 
(LET). The amount of energy transferred depends on 
the type of radiation used. Photons and electrons have 
a low rate of energy transfer (low LET), while heavy 
particles tend to deposit their energy in a track over a 
relatively short distance and are classifi ed as high-LET 
radiations. 

 Radiation dose is quantifi ed using the amount of 
energy absorbed per unit mass. The standard unit for 
reporting dose is the Gray (Gy), which is defi ned as 
1 joule per kilogram. Older publications may refer to 
the dose in terms of the rad, which is equal to 0.01 Gy 
or 1 centigray (cGy). 

FIGURE 30.1

Depth-dose curves.

 FIGURE 30.2  

 The Compton effect. 
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 FIGURE 30.3  

 Typical cell survival curve with logarithmic fractional sur-
vival versus dose. With low-LET radiation, the curve usually 
starts with a shoulder in the low-dose area before beginning 
a logarithmic decline. 

 RADIOBIOLOGY 

 DNA is the ultimate target for lethal injury from radi-
ation therapy with ionization of the atoms that make 
up the DNA chain (2). Radiation may directly interact 
with a critical intracellular structure of DNA and cause 
biological damage. This direct damage is the dominant 
process in high-LET radiation. In contrast with photon 
therapy, the dominant process is an indirect action. Ap-
proximately one-third of the damage may be due to the 
direct interaction of a recoil electron with a target mol-
ecule. The remaining two-thirds of the damage will be 
due to indirect action in which the recoil electron reacts 
with water to produce hydroxyl radicals, which may 
then interact with a target molecule. Various substances 
alter the effectiveness of hydroxyl radicals resulting in 
radiosensitization or radioprotection. The radiosensi-
tivity of normal tissues in the thorax, especially normal 
lung and esophagus, has led investigators to seek ways 
of enhancing the biological antitumor effects of radia-
tion while reducing its acute and late effects on normal 
tissues (3). 

 A cell survival curve expresses the relationship be-
tween radiation dose and the proportion of cells that 
survive. They are obtained by exposing a population 
of cells to incremental doses of radiation and counting 
the number of surviving cells. The data are then plot-
ted using a logarithmic scale for surviving fraction on 
the ordinate and a linear scale for dose in the abscissa. 
The overall shape of such curves is nearly the same for 
all mammalian cells. With low-LET radiation, the curve 
usually begins with a shoulder in the low-dose region 
before beginning a logarithmic decline. The presence of 
a shoulder suggests that cells may accumulate some in-
jury without dying or sublethal damage. This damage 
could then be repaired. In contrast, high-LET radiations 
yield a survival that is a straight line from the origin. 
Survival is essentially an exponential function of dose. 
Because cancer cells generally are undifferentiated, they 
reproduce more and have a diminished ability to repair 
sublethal damage compared to most healthy differenti-
ated cells. The DNA damage is inherited through cell 
division, accumulating damage to the cancer cells caus-
ing them to die or reproduce more slowly. 

 One method of describing survival curves is the 
linear-quadratic model. This model assumes 2 com-
ponents to cell killing. The linear (α) component is 
responsible for the initial shoulder on the cell survival 
curve and is caused by repairable damage to the target. 
The quadratic (β) component represents non-repairable 
damage. The linear component is proportional to the 
dose, while the quadratic component is proportional to 
the dose squared. The dose at which the 2 components 
of cell killing are equal is the α/β ratio. In general, cells 
from radiosensitive and acutely reacting tissues have a 

higher α/β ratio than do cells from radioresistant tu-
mors. In contrast, tumors with a lower α/β ratio tend to 
be late reacting and have a higher dependence on dose 
per fraction and dose rate than radiosensitive tumors. 
Although the general shape of the curve is essentially the 
same for all mammalian cells, there is some variation in 
the inherent radiosensitivity of different cell lines and 
tumors. These variations are expressed mainly in the 
shoulder and in the slope of the curve (Figure 30.3).   

 Different conditions may also affect cell survival. 
Collectively, these factors are referred to as the 4  R ’s 
of radiation biology—reoxygenation, repair, reassort-
ment, and repopulation. Fractionating radiation therapy 
takes advantages of these factors:  reassortment  of cells 
throughout the cell cycle into more sensitive phases of 
the cycle and  reoxygenation  of hypoxic cells after one 
or more cycles of radiation increasing tumor damage, 
as well as  repair  of sublethal damage sparing normal 
tissue and  repopulation  of normal tissue cells between 
fractions. Radiation therapy attacks cancer cells that are 
dividing and also affects dividing cells in normal tissue. 
It is the damage to normal tissues that causes side ef-
fects. Each time radiation is given, it involves a balance 
between destroying the cancer cells and sparing the nor-
mal cells. 
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 Reoxygenation 

 The effect of oxygen on cells subjected to radiation has 
been well documented (4). In general, the presence of 
oxygen enhances the effect of ionizing radiation. For 
sparsely ionizing radiation such as photons, the ratio 
of doses needed to produce the same biological effect 
in the absence of oxygen can by as high as 2.5 or 3.0. 
This is the oxygen enhancement ratio (OER). For more 
densely ionizing radiation, the OER approaches 1.0 
where there is no oxygen effect. The exact nature of the 
oxygen effect is not known, but it is generally believed 
that oxygen aids in the production of cell damage by 
radiation-induced free radicals. 

 Repair 

 If suffi cient damage occurs at a critical site of DNA, 
the cell will die during one of its subsequent divisions. 
This results in lethal damage. Other cells may experi-
ence sublethal damage that may be repaired if given 
suffi cient time, energy, and nutrients. This repair of 
sublethal damage is the reason cells can tolerate higher 
total doses of radiation when the radiation is admin-
istered in multiple small fractions. Slowly responding 
tissues, such as the spinal cord, tend to repair damage 
slowly (over 6 to 8 hrs), but the repair is essentially 
complete. In contrast, rapidly responding tissues, such 
as skin and mucosa, often have incomplete repair. 
The implication is that slowly responding tissues are 
spared more by using multiple small fractions of radia-
tion given at least 6 hours apart than acutely respond-
ing tissues. 

 Reassortment 

 Individual cells will vary in their radiosensitivity through-
out the cell cycle. The most sensitive stage is in mitosis 
(M), and the least sensitive is during the late phase of 
nucleic acid synthesis (S). If the fi rst gap phase (G 1 ) has 
an appreciable length, there will be a resistant period in 
early G 1  followed by a sensitive phase in late G 1.  Finally, 
the second gap phase (G 2 ) is also a sensitive phase (Fig-
ure 30.4). Fractionating radiation therapy may have an 
advantage of catching cells in different, more sensitive 
phases over time.   

 Repopulation 

 Both tumors and normal tissues may undergo cell division 
during a course of fractionated radiation therapy. Repop-
ulation is benefi cial because it can reduce the overall in-
jury to normal tissue, which may respond by shortening 

the duration of the cell cycle during a fractionated course 
of treatment (5). In tumors, cells may divide faster than 
before radiation treatment. This is known as accelerated 
repopulation. The possibility of accelerated repopulation 
is a reason for completing radiation therapy as soon as 
feasible and avoiding delays during treatment. 

 CLINICAL IMPLEMENTATION 

 The ultimate aim of radiation therapy is to deliver radia-
tion to a defi ned tumor volume with minimal damage to 
surrounding healthy tissue. It may be used for curative or 

 FIGURE 30.4  

 Cell growth cycle. Arrows demonstrate areas of the cycle 
which are more sensitive to radiation. 
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adjuvant treatment. It is also used for palliative treatment 
(where cure is not possible and the aim is for local disease 
control or symptomatic relief). Radiation is commonly 
combined with surgery, chemotherapy, or a mixture of 
the three. 

 Multidisciplinary Approach 

 Radiation therapy is an important component of the 
multidisciplinary management of esophageal cancer. 
As re-treatment with radiation therapy within the same 
area is rarely possible, it is important to defi ne the goal 
and course of treatment at the outset of intervention. 
This plan should include all disciplines involved, includ-
ing a medical oncologist and thoracic surgeon. These 
3 disciplines should be intimately involved in the care of 
esophageal cancer patients. They must closely assess the 
conditions relative to the patient and tumor, review the 
need for diagnostic and staging procedures, and deter-
mine the best treatment strategy. Once radiation therapy 
has been elected, treatment should be carefully planned 
and executed. 

 In curative radiation therapy, the treatment course 
is usually more prolonged and can be more physically 
taxing. Increased side effects must be accepted as the in-
evitable price from the possibility of cure. Patients who 
are physically unfi t for radical curative surgery may be 
able to better tolerate defi nite radiation therapy. Defi ni-
tive radiation therapy also has the advantage of organ 
sparing, e.g., controlling the cancer while avoiding the 
removal of the esophagus with preservation of normal 
bodily function. The aims of palliative therapy are to 
alleviate symptoms and to provide comfort and, if justi-
fi ed, prolongation of meaningful survival. 

 Approximately 50% of esophageal cancer patients 
present with locoregional disease for which chemora-
diation is a critical part of the management, either as a 
neoadjuvant or defi nitive measure. It is well established 
that chemoradiation is the treatment of choice for non-
surgical patients, with survival rates similar to those 
after surgery or radiation alone (6–8). The combining of 
radiation therapy with chemotherapy has the advantage 
of potentially addressing microscopic distant subclinical 
disease. Also, certain chemotherapeutic agents are able 
to sensitize cells to irradiation. This may be additive or 
supra-additive; the interaction within the radiation fi eld 
leads to increased cytotoxic activity either to the same 
degree as (additive) or more than (supra-additive) using 
both modalities sequentially. 

 Neoadjuvant chemoradiation has been shown to 
downstage tumors and thereby facilitating resection 
with an increase in the complete resection rate (9). How-
ever, this treatment approach remains investigational be-
cause there is no survival benefi t realized with such an 
aggressive treatment. Neoadjuvant chemoradiation may 

help sterilize the tumor fi eld, enhancing local/regional 
control and potentially reducing tumoral seeding at re-
section. Also, after completion of chemoradiation, pa-
tients with rapidly progressive disease who are found to 
have metastatic disease are spared the morbidity of a 
major surgical procedure. Finally, treatment with an in-
tact vasculature, versus in the postoperative setting, may 
facility drug delivery and oxygenation, thereby enhanc-
ing tumoral radiosensitivity. A potential disadvantage of 
neoadjuvant chemoradiation is that it may interfere with 
normal healing of the tissues affected by radiation. 

 While postoperative radiation therapy is not used 
as frequently with esophageal cancer, it can potentially 
eliminate residual tumor in the operative fi eld (10). As 
the postoperative fi eld tends to be smaller, there is a pos-
sibility of delivering a higher dose directed to the volume 
of high risk or known residual disease than with preop-
erative irradiation. A potential disadvantage is that there 
may be a delay in the initiation of radiation until wound 
healing is completed. There are also vascular changes 
within the tumor bed by surgery that may impair the 
radiation effect. 

 Treatment Planning 

 After a complete staging work-up and a discussion 
with the multidisciplinary team, an esophageal cancer 
patient may be deemed a good radiation therapy can-
didate. Patients must fi rst undergo a simulation where 
they are strictly immobilized and marked for treat-
ment purposes, and a CT scan is obtained within the 
treatment position. Unlike diagnostic CT scans, this 
CT scan is used for treatment planning purposes. This 
allows both tumor volumes as well as sensitive nor-
mal tissues structures to be accurately identifi ed and 
contoured. 

 The International Commission on Radiation Units 
and Measurements Report No. 50 defi ned treatment 
planning volumes (11). The gross tumor volume (GTV) 
includes all known gross disease including the primary 
tumor, regionally involved lymphadenopathy, and 
known metastatic disease. The clinical target volume 
(CTV) encompasses the GTV and also includes a mar-
gin for subclinical or microscopic disease. Both the GTV 
and CTV are clinical-anatomic concepts. The planning 
target volume (PTV) includes the CTV plus a margin for 
variations in treatment setup (setup margin) and other 
anatomic motion during treatment (internal margin), 
such as respirations (Figure 30.5). The PTV is a geomet-
ric concept introduced for treatment planning. It is the 
PTV that is used to select the appropriate beam sizes and 
beam arrangements to ensure that the prescribed dose is 
actually delivered to all parts of the CTV. The treated 
volume is the tissue volume that (according to the fi nal 
approved treatment plan) receives at least the absorbed 
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dose selected as the minimal dose to the PTV as specifi ed 
by the radiation oncology team.    

 Treatment planning aims to deliver adequate dose 
to the target volume while minimizing dose to neigh-
boring normal structures. The tools to do this have 
been revolutionized by the ability to delineate tumors 
and normal tissues in 3 dimensions using CT scanners 
and planning software. Not only are structures clearly 
defi ned, but CT planning allows recording of heterog-
enous tissue radiation attenuation and measurement 
of accumulated dose from each beam. Radiation treat-
ment planning systems have the ability to simulate all 
treatment machine motions, including collimator and 
couch angles. Multileaf collimators (MLCs) or blocks 
are used to shape the beam. Plans are typically opti-
mized by iteratively changing the beam directions and 
apertures and recalculating the dose distribution until 
an optimal plan is obtained. Plans are evaluated quali-
tatively using dose-display tools such as dose-volume 
histograms (DVHs) and 2-D isodose sections. The DVH 
shows the amount of target volume or critical structure 
receiving more or less than the specifi ed dose. Com-
pared to 2-D treatment planning, where volumetric and 
dose data could only be approximated, 3-D treatment 
planning optimizes dose distribution and allows radio-
graphic verifi cation of the volume treated. The treat-
ment volume conforms to the shape of the tumor, and 

relative toxicity of radiation to the surrounding normal 
tissues is reduced. 

 While 3-D treatment is used most commonly in 
esophageal cancer patients, intensity modulated radia-
tion therapy (IMRT) is growing in popularity. IMRT is 
the next generation of 3-D conformal treatment (12). 
In IMRT, the beam intensity varies across the treatment 
fi eld. Rather than being treated with a single, large, uni-
form beam, the tumor is treated with many very small 
beams with different intensities. It optimizes the deliv-
ery of radiation to irregularly shaped volumes through 
complex inverse treatment planning and changing the 
shape and intensity within each beam to deliver the op-
timal dose. Inverse planning starts with an ideal dose 
distribution, fi nds the beam characteristics through trial 
and error or multiple iterations, and then produces the 
best approximation to the ideal dose. The radiation dose 
is intensifi ed near the GTV while decreased among the 
neighboring tissues. Because of this, IMRT allows for 
higher dose to be delivered to the tumor while spar-
ing healthy tissue as compared with conventional 
2-D and 3-D conformal radiation treatment techniques 
(see Chapter 52, “Pre-Treatment Planning in Radiation 
Therapy of the Esophagus”). 

 Side Effects 

 As most patients present with locoregionally advanced 
disease and with the larger margins necessary to en-
compass gross as well as microscopic disease, radiation 
fi elds for esophageal cancer tend to be large. These fi elds 
may include signifi cant volumes of surrounding critical 
normal tissues including the healthy esophagus, lungs, 
and heart. The severity of side effects depends on the 
volume of critical structures irradiated, radiation dose 
and fractionation, and the use of chemotherapy. Acute 
toxicity results from the biological effects on rapidly 
dividing cells (e.g., esophagogastic mucosa, heart, and 
lung) within the irradiated fi eld. Late-responding tissues 
with slowly dividing cells (e.g., connective tissue) may 
not express effects until months or years after radiation 
treatment. 

 Accurate assessment of the incidence and sever-
ity of esophagitis in esophageal cancer patients is dif-
fi cult, as the symptoms (dysphagia, odynophagia) are 
non-specifi c and may be obscured by the effects of the 
tumor itself. In 1991, the National Cancer Institute cre-
ated a task force that carried out an extensive literature 
search noting tolerance of normal tissues (13). For the 
esophagus, tolerance doses for a 5% chance of clinical 
stricture/perforation for uniform irradiation of one-
third of the esophagus was 60 Gy, two-thirds was 58 Gy, 
and the entire esophagus was 53 Gy. 

FIGURE 30.5 

Treatment planning volumes. Clinical treatment volume 
(CTV) includes the gross treatment volume (GTV) plus 
microscopic disease. Planning treatment volume (PTV) in-
cludes the CTV in addition to additional margin for setup 
error and motion.
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 Lung Toxicity 

 Radiation pneumonitis is an interstitial pulmonary in-
fl ammation that can develop in patients treated with 
thoracic irradiation. Acute radiation pneumonitis occurs 
within 1 to 6 months following treatment. Symptoms 
can include low-grade fever and cough while radio-
graphic fi ndings are consistent with a diffuse infi ltrate 
corresponding to a previously irradiated fi eld. The clini-
cal spectrum includes a bothersome cough to more se-
vere effects on quality of life and, in rare cases, even 
death. It is treated with steroid therapy. 

 Emami et al. found tolerance doses for a 5% 
chance of pneumonitis occurring within 5 years from 
uniform irradiation of one-third of the lung was 45 
Gy, two-thirds was 30 Gy, and whole lung was 17.5 
Gy (13). 

 Different dosimetric parameters and dose volume 
histograms (DVHs) can be extracted from the 3D dose 
distribution to better guide a clinician for safe treatment 
and predict side effects. Martel reviewed the DVHs of 
patients with Hodgkin’s disease and lung cancer for the 
development of radiation pneumonitis (14). A predic-
tion was derived for low versus high risk of pneumo-
nitis when examining risk groups stratifi ed according 
to the effective volume parameter for lung (V eff ). Differ-
ences were also seen in mean lung dose (MLD) between 
patients with complications (MLD 24–26.1 Gy) versus 
without complications (18–21 Gy). Similar results were 
seen by Oetzel et al. (15) (23.8 Gy versus 20.1 Gy) as 
well as Kwa et al. (16). 

 Specifi c points on a DVH can also be helpful. The 
volume of lung receiving 20 Gy or more (V 20 ) has been 
shown to be predictive for increased risk of pneumo-
nitis while most recommend keeping the V 20  < 40% 
(17). Using DVH parameters does become compli-
cated when considering the heterogeneity of patients 
being evaluated. Patients have varying baseline lung 
function, which can be further altered by receipt of 
chemotherapy. Also, structure volumes may be defi ned 
differently across institutions (e.g., total lung includ-
ing or minus PTV, etc). This makes it more diffi cult to 
identify DVH parameters that correlate with pneumo-
nitis risk (18). 

 Postoperative pulmonary complications are the 
most serious morbidity after esophagectomy and the 
leading cause of postoperative mortality among patients 
treated with surgery for esophageal cancer with an as-
sociated in-hospital mortality rate of 55% (19). A recent 
meta-analysis showed that the postoperative mortality 
is higher in patients treated with chemoradiation plus 
surgery than in those treated with surgery alone (20). 
Pulmonary complications including pneumonia and 
adult respiratory distress syndrome that develop post-
operatively within 30 days after surgery are associated 
with a V 10  < 40% (21). The volume of lung receiving 
lower doses (e.g., V 5 ) has also been predictive of pul-
monary complications (22). This suggests that ensur-
ing an adequate volume of lung unexposed to radiation 
might reduce the incidence of postoperative pulmonary 
complications. 

 Cardiac Toxicity 

 According to Emami et al., tolerance doses for one-third 
of the heart are 60 Gy, 45 for two-thirds, and 40 Gy for 
the entire heart with the endpoint of pericarditis (13). 
Previously, data regarding cardiac toxicity had been 
borrowed from treatment of non-esophageal cancer 
patients. Excess deaths have been seen in breast cancer 
patients receiving radiation therapy to high doses to a 
small portion of the left ventricle (23). More recently, a 
retrospective analysis of esophageal patients treated with 
defi nitive chemoradiation showed an increase in pericar-
dial effusions at 27.7% (24). The pericardial effusion 
developed within 15 months after radiation therapy, 
with median onset of 5.3 months with risk associated 
with mean pericardial dose. In addition, myocardium 
perfusion defects including ischemia and/or scarring 
were identifi ed from SPECT images in 42.3% of patients 
treated with chemoradiation, in contrast to only 4% of 
patients treated with surgery alone. 

 In summary, with the growing knowledge of radia-
tion biology and physics as well as advances in technol-
ogy, we are better able to achieve the ultimate goal in 
radiation therapy; that is, killing tumor cells while spar-
ing normal surrounding tissues. 
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  31    
Principles of Surgical 
Therapy 

 Wayne L. Hofstetter 

 HISTORY OF ESOPHAGEAL SURGERY 

 According to the National Cancer Institute database, 
there will be an estimated 16,470 new cases of esopha-
geal cancer diagnosed in the United States annually. Due 
to a number of issues, it is expected that only approxi-
mately 20% to 25% of these cases will be eligible for 
surgical therapy. Despite this discouraging rate of resect-
ability, surgical therapy has been considered the gold 
standard for patients diagnosed with potentially curable 
esophageal cancer. 

 Yet, surgical resection of the esophagus had not 
been considered plausible until recent history. The rec-
ognition of esophageal cancer was described as early as 
the second century  a.d . by Galen (1). But it would be 
another 1,600 years before the technology necessary 
for the diagnosis of neoplasms existed, including histol-
ogy, endoscopy, biopsy techniques, and Roentgenology. 
The development of esophageal surgical techniques has 
evolved in parallel with medical technology. 

 Billroth, in 1871, described an autopsy series on 
patients with esophageal cancer (2). He subsequently 
carried out live animal studies, successfully resecting the 
cervical esophageal segment in dogs. However, transla-
tion to his fi rst clinical case was a failure and his fi rst 
and only patient died on the fi rst postoperative day. 
In May 1877, Czerny, then a professor at Heidelberg 
and former assistant to Billroth in Vienna, performed 

the fi rst successful resection of the cervical esophagus 
for carcinoma (3). His patient was a 51-year-old female 
who would never undergo reconstruction and survived 
only 1 year after the operation; her death attributed to 
recurrence. Czerny’s effort elaborated on early collab-
orative work he performed with Billroth. 

 It would, however, be many more years before 
the successful resection of a thoracic esophageal le-
sion. Limitations in the understanding of anesthesia and 
pneumothorax rendered early attempts at transthoracic 
resection uniformly fatal. The thorax was felt to be an 
impenetrable cavity, and surgeons were trained to avoid 
traversing the pleura. Numerous surgeons and physiolo-
gists contributed to the fi rst successful thoracic esopha-
geal resection, including Biondi, who in 1894 described 
gastric mobilization into the chest with primary anasto-
mosis. Mickulicz fi rst attempted this in the clinical set-
ting in 1896, avoiding pneumothorax by isolating the 
posterior mediastinum and suturing the diaphragm to 
the parietal pleura. Unfortunately, his patient died of 
peritonitis. In 1898, Garré resected 3 patients, but with-
out long-term success (1). 

 Surgeons would remain frustrated by attempts 
to resect the thoracic esophagus until safe methods of 
managing pneumothorax were devised. It was Vesalius 
who fi rst described the possibility of endotracheal intu-
bation in the 16th century, but it would take until the 
19th century for Trendelenburg to describe a modern 
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technique for tracheotomy and positive pressure ven-
tilation. Unfortunately, these early advances were not 
recognized for their signifi cance, and modern general 
endotracheal anesthesia did not evolve until the early 
20th century. 

 Sauerbruch was fi rst to conquer the pleura, avoid-
ing pneumothorax by method of operating in a nega-
tive pressure chamber. In 1904, he reported to the Berlin 
Surgical Congress on 78 experimental procedures (4). 
His negative pressure chamber, which was constructed 
based on earlier designs from other physiologists, be-
came successful and sought after; one was constructed 
and used in the United States at the Rockefeller Insti-
tute in 1909. However, rapid advances in general en-
dotracheal anesthesia by Meltzer and Auer, also at the 
Rockefeller Institute, quickly deposed the chamber into 
obsolescence (5). 

 Doctors Torek and Eggers, both thoracic surgeons 
at the German Hospital in New York City, are credited 
with the fi rst total thoracic esophagectomy with gen-
eral endotracheal anesthesia in 1913 (6). Dr. Torek ad-
ministered anesthesia and Dr. Eggers carried out a left 
transthoracic resection without reconstruction. Also in 
1913 Denk described transhiatal esophagectomy, again 
without reconstruction. In 1936, Turner performed a 
transhiatal esophagectomy with antethoracic skin tube 
reconstruction. It would be another 40 years before 
transhiatal esophagectomy was rediscovered by a young 
Dr. Orringer, whose presentation at a thoracic confer-
ence was met with dubious criticism (7). 

 The fi rst reported successful transthoracic resection 
with reconstruction was performed as a thoracoabdomi-
nal approach by Adams and Phemister in 1938 (8). Ivor 
Lewis in 1946 published his lecture on the history and 
progress of esophageal resection (9). His contribution 
of 7 cases consisted of 3 from the left transthoracic ap-
proach and 4 from the right, all as thoracoabdominal 
approaches. 

 The modern era of esophageal surgery has led to 
several important advances in the understanding of 
esophageal cancer pathogenesis and treatment. Billroth 
erroneously concluded in 1871 that esophageal neo-
plasms do not spread by lymphatics and that surgical re-
section should result in cure. In contrast, detailed studies 
by Nakayama in 1962, and later by Akiyama and Skin-
ner et al. (10–13), have led to important understand-
ing regarding the unique anatomy of the esophageal 
lymphatics that facilitates the metastasis of esophageal 
cancer prior to any evident symptoms the patient may 
present with. Work by early pioneers led to our current 
understanding of lymphatic involvement, which occurs 
early on in the disease process, and it sheds light on the 
limitations of local-regional therapy for a disease that 
very often presents with occult or obvious systemic 
metastasis. 

 There are now multiple options for the surgical 
treatment of esophageal cancer. Various approaches to 
resection via transabdominal, transthoracic, three-fi eld, 
or minimally invasive are utilized by today’s esophageal 
surgeons (14). Although the stomach remains the most 
commonly used organ for the replacement of the thoracic 
esophagus, methods of reconstruction have also evolved 
and there are many surgeons who advocate the use of 
colon as an alternative. Recent work indicates that small 
bowel is also an excellent and facile replacement for any 
length of resected esophagus (15,16). 

 PRINCIPLES OF ESOPHAGEAL SURGERY 

 Historic discoveries in the development of esophageal 
surgery have led to the modern principles of surgical 
therapy for esophageal cancer. The failures of those 
intrepid clinicians resulted in investigations that have 
shaped our current practice in patient care. Among the 
most important principles, we will discuss the need for 
patient selection, preoperative assessment, individual-
izing treatment, minimizing mortality and morbidity, 
intraoperative and postoperative management, and at-
taining a complete surgical resection (Table 31.1).   

 Patient Selection and Preoperative
 Assessment 

 Esophageal cancer surgery is a challenging endeavor. 
Esophageal resection still carries a relatively high mor-
bidity and mortality rate, and this is largely infl uenced 
by a surgeon’s experience and volume and that of the 
hospital in which the resection is performed (17). Many 
publications have placed the minimum bar at 6 resec-
tions per year (data based on national databases), but 
to achieve the best results, the optimal number would 
be much higher. To further minimize surgically related 

TABLE 31.1
 The 10 Most Important Principles of 

Esophageal Surgery

• Patient selection
• Adequate hospital/surgeon volume
• Preoperative assessment
• Individualized therapy
• Multidisciplinary care
• Ancillary services
• Minimize morbidity and mortality
• Gentle manipulation of the conduit
• Perform a complete resection
• Systematic lymph node resection (stage appropriate)
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events, patient selection is extremely important (18). 
Many investigators would argue that an observed in-
crease in overall survival during the recent era is at least 
partially due to patient selection. One reason for this is 
that the defi nition of a  resectable patient  is constantly in 
fl ux and surgical outcomes directly correlate to patient 
selection. The indications for surgical resection have 
changed over time; what was considered potentially re-
sectable in the past is no longer thought of as surgical 
disease. Objective evaluation of historic data has taught 
us this important lesson: operating on advanced disease 
with adjacent organ involvement or distant metastasis 
conveys a poor prognosis. These patients are more ef-
fectively treated with alternative methods of palliation. 
The concept of the palliative esophageal resection for 
any reason other than symptomatic perforation or acute 
hemorrhage has been surpassed by advancements in 
chemotherapy and radiotherapy as well as by mechanic 
devices proven to reliably relieve symptoms in a major-
ity of patients (19). Recognizing when a patient is po-
tentially curable or, alternatively, is in need of purely 
palliative efforts, is diffi cult and dependent on collected 
data, available therapies, and technology. Changes in the 
indications for surgical resection are expected to con-
tinue. As an example, most centers no longer treat cervi-
cal esophageal cancer with surgery primarily but reserve 
resection for patients who have failed locally after defi ni-
tive chemoradiotherapy. Similar trends are being seen 
in patients with locally advanced squamous cell carci-
noma of the thoracic esophagus. Some centers perform 
resection only in the subset of patients who are non-
responders after defi nitive chemoradiation or in those 
with local-regional recurrence (20). These changes in 
surgical indications can effectively “weed out” poor per-
formers and will also bias overall survival results when 
compared to historic data. 

 Multidisciplinary Team 

 For patients who are being considered for resection, 
patient selection is a systematic process that involves a 
multidisciplinary approach. This begins with a careful 
history and physical examination focusing on the risk 
factors for the disease that do not coincidentally paral-
lel risk factors for postoperative complications. Patients 
with squamous cell carcinoma of the esophagus are apt 
to carry neurologic, cardiac, hepatic, and pulmonary co-
morbidities that can signifi cantly increase perioperative 
risk. Ongoing tobacco abuse in patients with either squa-
mous cell or adenocarcinoma is associated with cardiac 
and pulmonary disease with the potential for a higher 
incidence of perioperative cardiac events or pneumonia. 
We strongly encourage complete abstinence for as long 
as possible prior to resection. Consideration is always 

given for testing cardiac and pulmonary physiologic re-
serve prior to therapy. Patients may be physiologically 
depleted from their comorbid risk factors or by the 
disease itself. Often patients presenting with dysphagia 
have had signifi cant weight loss. This was more appar-
ent in the thinner squamous population than in today’s 
adeno-predominant esophageal cancer. However, even 
if a patient is overweight, signifi cant protein malnutri-
tion can lead to poor performance throughout therapy. 
Typically, a nutritionist meets with our patients at initial 
consultation and then remains a critical member of the 
care team well after resection. 

 A careful gastrointestinal and nutritional review to 
include refl ux history, meal, and bowel habits can pro-
vide clues for postoperative management as well. The 
lifestyle changes necessitated by esophageal resection 
and reconstruction can be diffi cult for similar reasons 
that the patient has risk factors for the primary dis-
ease. Poor nutritional choices, obesity, over-eating and 
late-night dining, infl ammatory bowel disease, or con-
stipation may all signal specifi c behavior modifi cations 
necessary to a successful surgical outcome. 

 Emphasis is placed on treating these complicated pa-
tients in a multimodality setting. Presentation of fi ndings 
on integrated PET/CT by the radiologists at multidiscip-
linary conference allows our interventional gastroenter-
ologists to perform necessary staging studies that will 
affect decisions about resectability. It is common for an 
ambiguous fi nding on imaging to be confi rmed by en-
doscopic ultrasound-guided fi ne needle aspiration at the 
time of upper endoscopy. This critical information often 
changes management, and this issue is discussed in more 
detail in other chapters (see Chapter 49, “Multidiscip-
linary Care Team: Structure and Format”)  . 

 Individualize Treatment 

 Individualizing therapy is strongly recommended. There 
are many treatment options for patients with esophageal 
cancer. Some are more invasive than others and may in-
herently have higher risk of morbidity while others are 
very minimally invasive but may have higher risk of re-
currence or incomplete resection. 

 Technical details of esophagectomy and choice of 
procedure will be covered in detail in other chapters, 
but a few general details are worth noting. Mitigating 
risk–benefi t ratio is an astute, morbidity-reducing ex-
ercise. Existing data indicate that high-grade dysplasia 
and intramucosal disease carry an extremely low risk 
of regional lymph node involvement (21). Therefore, a 
less invasive option such as vagal-sparing esophagec-
tomy that does not portend the same risk of a trans-
thoracic en bloc resection may be appropriate so long 
as a complete resection can be accomplished. In other 
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words, consideration should be given to match stage to 
treatment. Furthermore, patients with marginal physi-
ologic reserves need attention to approach, such as 
the patient with poor pulmonary function who may 
be better treated by transhiatal resection, or an octo-
genarian who could be considered for a least-invasive, 
viable alternative. Choice of conduit should also be in-
dividualized. For example, a gastroesophageal junction 
tumor extending into the gastric cardia may require a 
signifi cant proximal gastrectomy to obtain an adequate 
negative margin, rendering a cervical esophagogastros-
tomy unfeasible. Or a younger patient whose vocation 
requires stooping or bending at the waist may be better 
served with an alternate conduit such as jejunal or colon 
interposition rather than a gastric pull-up, to avoid sig-
nifi cant problems with postoperative refl ux, regurgita-
tion, and aspiration. 

 Intra- and Postoperative Therapy 

 Careful attention must be paid to anatomy with focus 
on preservation of the arterial and venous blood supply 
to the reconstructive organ. Gentle handling of the inter-
posed organ, whether it will be stomach, small bowel, 
or colon, is vital for avoiding postoperative events such 
as leak or necrosis. We use multiple techniques to ad-
vance the conduit through or around the mediastinum 
for reconstruction. It is important to minimize manip-
ulation to the conduit during that process such that a 
healthy gastric or bowel end is delivered for anastomo-
sis. Regarding technique of anastomosis, many units still 
perform a hand-sewn technique; however, there are mul-
tiple papers describing the benefi ts of a stapled anasto-
mosis (22), and this is covered completely in other areas 
of the book (see Chapter 64, “Anastomatic Technique 
and Selection of Location”).   Since I have converted to 
stapled anastomoses, I have seen a signifi cant decrease 
in the need to perform anastomotic dilation. A caveat, 
however, is that many centers are employing neoadju-
vant chemoradiotherapy for locally advanced disease. 
Encountering the post-irradiated edematous, boggy sto-
mach may cause one to rethink the stapled anastomosis 
due to the thickness of the tissue. For that matter, one 
may also reconsider the use of that conduit altogether. 

 Minimize Surgically Related Events 

 Do the most to avoid iatrogenic, technical events that 
can lead to further diffi culty. Attention to the smallest 
details will meaningfully contribute to an uncompli-
cated postoperative recovery. Among the most impor-
tant is avoiding injury to the recurrent laryngeal nerves. 
A detailed knowledge of where one would encounter 
the nerves throughout the course of any approach to 

the esophagus and paying the utmost respect to them; 
avoiding traction, metal retractors, or mono-polar cau-
tery anywhere near the nerves will help to maintain 
function of the cords. Traction injury to the right or left 
recurrent nerve is a potential pitfall, even when dissect-
ing well away from the nerves, and care must be taken 
during “blunt” dissection to avoid this. 

 Further insults to swallowing function can be en-
countered during dissection for a cervical anastomosis. 
Strap muscles in the neck should routinely be preserved, 
with the exception that the omohyoid may need to be 
sacrifi ced. If possible, maintain the integrity of the ansa 
cervicalis to avoid denervating muscles that have sec-
ondary function in swallowing. 

 Postoperative hernias can be common. The in-
cidence of hernia in midline incisions is upwards of 
30%. To decrease the need for these secondary repara-
tive procedures, our group performs either a chevron 
incision or minimally invasive resection in morbidly 
obese patients. Internal hernias are also described and 
can be a source of some serious side effects. Mesenteric 
defects during colon interposition should be properly 
dispositioned, and conduit to diaphragm tacking su-
tures may avoid subsequent intrathoracic conduit re-
dundancy or abdominal content herniation into the 
chest, an event described as a potential need for redo 
operation to avoid signifi cant deleterious side effects 
from strangulation. 

 During the postoperative period, the excellent care 
of your ancillary team is important to the overall out-
come. Our nursing care unit is monitored, and the nurses 
are experienced in the care of esophagectomy patients. 
Routine in-services help to initiate the newer recruits of 
the care team. Respiratory, physical therapy, nutrition, 
speech pathology, radiology, and anesthesia pain teams 
also administer vital care to these patients. 

 Perform a Complete Resection 

 The most critical principle of cancer surgery is complete 
resection. There are differing opinions regarding tech-
niques of resection, and in fairness to all camps, there 
have been only a limited number of comparative trials 
with none showing clear superiority of one approach 
over another (23). The ability to achieve adequate con-
trol of local-regional disease is the most debated issue. 
The more conservative, transhiatal approach has the 
tendency toward higher local-regional recurrence but 
perhaps lower morbidity, while radical resections pro-
vide excellent local control but are inherently associated 
with increased morbidity. The inability to demonstrate 
a signifi cant survival advantage between the various ap-
proaches has as much to do with patient selection and 
individualizing therapy as with the fact that most of 
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our patients are recurring systemically, thus  rendering 
any local control issue irrelevant (24,25). What has 
been suggested is that the tumor location and number 
of nodes involved may be pertinent to the effi cacy of 
the approach (23). There is general agreement, however, 
that an operation that fails locally is diffi cult to salvage, 
and a complete resection of all tumor and involved 
nodes (R0 resection) is superior to an incomplete resec-
tion. Retrospective review of a high volume of patients 
has shown that the ability to achieve an R0 resection is 
an independent predictor of long-term survival (26–28) 
(Figure 31.1). Complete resection should also take into 
account an appropriate lymph node resection. Goals of 
the operation include negative margins and the removal 
of all involved lymph nodes. There is some evidence that 
the minimum appropriate number of dissected lymph 
nodes that constitutes a complete resection is between 
12 and 18 nodes (29,30).   

     Margins must be carefully considered, including 
proximal, distal, and radial margins. We routinely ex-
amine margins interoperatively for the presence of meta-
plasia or cancer. Gastric margins, particularly during 

Lewis-type resections, need to be carefully considered. 
Pretreatment endoscopy should be performed to exam-
ine for any extension of disease into the stomach, and 
we routinely perform biopsies into the cardia and lesser 
curve for tumors that extend through the gastroesopha-
geal junction. These procedures enable us to map out the 
area of the tumor and plan for later resection. After an-
esthetic induction, the surgeon should perform an upper 
gastrointestinal endoscopy to aid in planning the distal 
resection line. 

 Finally, margins are checked by frozen histologic 
analysis with the forewarning that once the conduit is 
resected with a stapler, redoing this margin is more dif-
fi cult. Therefore, intraoperative examination for mar-
gins can help avoid this potential pitfall. The actual 
optimal distance of the clear margin from tumor is not 
fully understood. Historically, recommendations were 
for 10 cm proximal and distal. This has been chal-
lenged to 5 cm, 3.8 cm, or even a microscopic negative 
margin (29). Our current practice is to aim for 4–5 cm 
margins above and below with clear radial margins 
microscopically. 

 SUMMARY 

 Esophageal cancer surgery is a challenging fi eld that re-
quires commitment and experience. There are multiple 
barriers to achieving perfect outcomes, due to the com-
plexity of the disease and the patients. Most often, the 
unique lymphatic structure of the esophagus conspires 
against the patient rendering cure an elusive goal for the 
caregivers. However, for the patients who are potentially 
curable, there are several principles of surgery that can 
alter the outcome. There are many studies suggesting a 
direct relationship of volume and outcome where higher-
volume centers attain comparatively excellent results. An 
expert esophageal multidisciplinary group will positively 
infl uence patient selection and outcomes. Appropriate 
intraoperative management and decision making corre-
lates to fewer postoperative events and smooth recovery. 
Finally, a complete resection is the most important goal 
of esophageal cancer surgery. These general principles 
are ultimately applicable to any esophageal cancer pa-
tient being considered for any type of resection.     

FIGURE 31.1 

Comparison  of overall survival in completely versus incom-
pletely resected esophageal cancer patients.
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  32    
The Relationship Between 
Volume and Outcome 
in the Treatment of 
Esophageal Cancer 

 Ioannis Rouvelas 
 Jesper Lagergren 

sophageal cancer is an aggressive 
disease with a poor prognosis. The 
overall long-term survival rates re-
main below 15% in most Western 
countries (1). The long-term prog-

nosis and treatment options are highly dependent on the 
tumor stage. The tumor stage also determines whether 
the therapeutic intention is for cure or palliation. Radical 
surgical resection is an established potentially curative 
treatment option for patients with resectable esophageal 
cancer (2,3). As the tumor stage is often already advanced 
when the diagnosis is fi rst confi rmed, only a minority of 
patients are eligible for curatively intended treatment. 
Moreover, even after an R0 surgical resection, fewer 
than 40% of the patients are cured (2). The anatomic 
location of the esophagus explains why esophagectomy 
for esophageal cancer is one of the most demanding sur-
gical procedures undertaken in general surgery. The sur-
gical trauma imposed by esophageal cancer surgery is 
immense, often involving surgery of the abdomen, chest, 
and neck (3,4). Moreover, esophagectomy is performed 
in patients who are typically older, have concurrent dis-
eases, and/or are malnourished (5). Therefore, esopha-
gectomy may be associated with a considerable risk of 
major postoperative complications and mortality (6,7). 
However, it is encouraging that the population-based 
survival after esophagectomy, both short- and long-
term, has improved considerably in recent years (8). 

This improvement is probably multifactorial, including 
advances in noninvasive imaging, preoperative staging, 
anesthesia, and postoperative pain control, combined 
with improvements in preoperative risk evaluation, sur-
gical technique, and postoperative care. 

 The outcome after such complex surgery should be 
infl uenced by the skill, knowledge, and experience not 
only of the surgical team but of the whole hospital staff, 
including anesthesiologists, intensivists, nursing staff, 
and dietitians. Centralization is appropriate for complex 
procedures with high baseline mortality risks and high 
costs because it provides an opportunity for the team to 
gain expertise through experience at patient selection, 
case management, and performing the appropriate oper-
ation, in order to yield the best outcome. Several studies 
have documented a signifi cant relation between surgery 
volume of certain surgical procedures and outcome. To-
gether with coronary artery bypass grafting, abdomi-
nal aortic aneurysm repair, heart transplantation, and 
pancreatic resection, esophagectomy has been found to 
be entailed by a decreased in-hospital mortality when 
performed at high-volume centers (9,10). Furthermore, 
several studies have demonstrated that hospital volume 
and experience are associated with improved clinical 
and economic outcomes with complex gastrointestinal 
procedures (11,12). Based on this evidence, there has 
been an increasing demand by governments and insur-
ance companies to have complex surgical procedures 

 E
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referred to high-volume centers whenever possible. Al-
though short-term mortality is an important and easily 
evaluated outcome, there is also a need to consider other 
outcome variables, including postoperative complica-
tions, long-term prognosis, and health-related quality of 
life. Here, we present a review of the available literature 
regarding the impact of hospital and surgeon volume in 
relation to various outcomes after surgical treatment of 
esophageal cancer. 

 IMPACT OF ESOPHAGECTOMY VOLUME ON 
EARLY POSTOPERATIVE MORBIDITY 

 The risk of serious postoperative complications after 
esophagectomy is high, ranging between 26% and 41% 
in most reports (2). Early morbidity after esophageal 
cancer surgery is often related to pulmonary complica-
tions and/or anastomotic leaks. These serious complica-
tions are valid indicators of the quality of the care and 
are associated with high risk of postoperative mortality 
(13,14). 

 An overview of published studies that have ad-
dressed the infl uence of surgery volume on postoperative 
morbidity is presented in Table 32.1.   

 Dimick et al. investigated the risk of developing 
major postoperative complications after esophageal re-
section at high-volume hospitals (HVHs), defi ned as hos-
pitals performing more than 8 esophagectomies annually, 
compared to low-volume hospitals (LVHs), defi ned as 
hospitals that performed fewer than 8 esophagectomies 
per year (13,15). They showed that patients undergoing 
esophagetomy at LVH had a profound increased risk of 
aspiration, pulmonary failure, reintubation, renal fail-
ure, septicemia, and surgical complications, compared 
to those operated on at HVHs. Moreover, the risk of 
postoperative mortality for patients with at least 1 com-
plication was 16.9% compared to 2.5% for those with-
out any complications (p < 0.001). Thus, the authors 
concluded that esophagectomy should be performed at 
high-volume centers. Accordingly, in a population-based 
study from Sweden, a nearly 8-fold increased risk of 
anastomotic leakage was demonstrated if the operations 
were conducted by a low-volume surgeon (LVS), defi ned 
as < 5 operations per year, compared to those conducted 
by surgeons of higher annual volume (7). 

 Sutton et al. evaluated the performance of a single 
well-trained surgeon in 150 consecutive esophagecto-
mies over a 7-year period in England, and found a re-
duction in single-lung operating time, intraoperative 
blood loss, transfusion requirement, stay at the intensive 
care unit, and an increased number of resected lymph 
nodes over this time interval (16). Similarly, Traverso 
et al. reviewed the surgical outcomes of 174 consecutive 
patients who underwent esophagectomy performed by 

a single surgeon over the time period 1996–2002 at the 
Virginia Mason medical center in Seattle, United States, 
and found lower intraoperative blood loss, less need for 
transfusion, and lower rate of reoperations, compared 
to other published series of esophagectomies (17). Fur-
thermore, the mortality and length of stay was signifi -
cantly lower in a high-volume surgical practice. 

 In a study performed by Patti et al  ., the incidence of 
infections or hemorrhage after esophageal resection was 
analyzed, comparing 5 volume categories, without fi nd-
ing any differences between them (LVH defi ned ≤ 5 re-
sections per year, HVH defi ned > 30 resections annually) 
(18). The postoperative mortality rate in HVHs was, 
however, signifi cantly decreased compared to LVHs de-
spite the similar rate of infection and hemorrhage. This 
observation led to the conclusion that such complica-
tions can be managed considerably better in a hospital 
with higher surgical workload, since the hospital staff, 
particularly in the operating room and the intensive care 
units, is better trained to recognize these complications 
earlier and treat them more effectively. 

 In summary, these studies taken together indicate 
that as far as postoperative complications are concerned, 
high surgery volume is to be recommended. 

 IMPACT OF ESOPHAGECTOMY VOLUME ON 
EARLY POSTOPERATIVE MORTALITY 

 Historically, esophageal cancer surgery was associated 
with high early postoperative mortality. In a critical re-
view of outcomes following esophagectomy for cancer 
based on 122 reports published between 1960 and 1979, 
Earlam and Cunha-Melo documented postoperative 
mortality as high as 29% and a dismal 5-year survival of 
4% after surgical treatment (19). A subsequent review 
covering the period 1980–1988 reported a substantial 
decrease of postoperative mortality after esophagectomy 
to 13% and an increase of 5-year survival to 20% (20). 
Finally, in the latest corresponding review documenting 
postoperative mortality rates over the period 1990–2000, 
a continuing improvement in survival was reported with 
an overall postoperative mortality dropping to 6.7% 
(30-day mortality rate 4.9% and in-hospital mortality 
rate 8.8%) and a 5-year survival of 27.9% (6). Since all 
these studies used data from other published series, it 
was not possible to identify a clear explanation for the 
improvements in survival. Nevertheless, these encourag-
ing results are most likely due to a combination of bet-
ter patient selection, improved surgery techniques, and 
improved perioperative management. Surgery volume 
has been used as a surrogate of quality for complex sur-
gical procedures. Regarding esophageal surgery, studies 
have repeatedly demonstrated an inverse correlation be-
tween hospital volume and postoperative mortality after 
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TABLE 32.1
Overview of Studies Investigating the Relation between Hospital Volume 

and Clinical and Economical Outcomes

Author (year) Country (region) Years
Patient 
number Main findings Major conclusions

Patti (1998) (18) U.S. (California) 1990–1994 1,561 No difference in length of 
hospital stay, higher rate 
of home discharges and 
hospital charges with in-
creasing volume

Esophagectomy for 
cancer should be 
restricted to experi-
enced centers

Sutton (1998) (16) U.K. (Newcastle) 1990–1996 150 Reduced single-lung 
operating time, transfu-
sion, ICU-stay, hospital 
stay, higher number of 
resected lymph nodes

Continuing improve-
ment in a surgeon’s 
performance over a 
7-year period

Swisher (2000) (24) U.S. (national) 1994–1996 340 Decreased complication, 
reduced length of stay, 
and decreased hospital 
charges with increasing 
volume

Support for selec-
tive referral to high-
volume centers

Dimick (2001) (40) U.S. (Maryland) 1984–1999 1,136 Reduced length of stay 
and decrease in hospital 
charges with increasing 
volume

HVHs have superior 
clinical and eco-
nomical outcomes

Kuo (2001) (39) U.S. (Massachusetts) 1992–2000 1,193 Reduced hospital and 
ICU stay increased home 
discharges with increas-
ing volume. No differ-
ence in hospital charges 

HVHs have better 
results with early 
clinical outcomes

Dimick (2003) (13) U.S. (national) 1996–1997 1,226 Decreased rate of pulmo-
nary, renal, infectious, 
and surgical complica-
tions with increasing 
volume

HVHs have a 
decreased rate 
of postoperative 
complications

Dimick (2003) (15) U.S. (Maryland) 1994–1998 366 Decreased rate of pulmo-
nary, renal, infectious, 
and surgical complica-
tions with increasing 
volume

Increased risk for 
postoperative com-
plications and death 
for patients undergo-
ing surgery at LVHs

Goodney (2003) (38) U.S. (national) 1994–1999 — No significant differences 
in length of stay and re-
admission rate 

No relationship be-
tween volume and 
length of hospital 
stay or readmission 
rate

Traverso (2004) (17) U.S. (Seattle) 1996–2002 174 Lower mortality, reduced 
length of stay, reduced 
intraoperative blood loss, 
less need for transfusion, 
and reduced reoperation 
rate

Improved results 
with increasing 
experience

Viklund (2006) (7) Sweden 2001–2003 275 8-fold increased risk of 
anastomotic leakage for 
LVSs

LVSs seem to in-
crease the risk for 
anastomotic leakage
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esophagectomy for cancer, either expressed as 30-day 
mortality or in-hospital mortality. 

 In Table 32.2, a selection of published series evalu-
ating the impact of hospital or surgeon volume on post-
operative mortality is presented. In 1986, Mathews et al. 
revealed 39.4% in-hospital mortality for surgeons per-
forming less than 6 esophagectomies per year, compared 
to 21.6% for surgeons performing more than 6 proce-
dures per year (p < 0.01) (21). Likewise, Miller et al. 
demonstrated a signifi cantly lower operative mortality 
among patients operated on by high-volume surgeons 
(HVSs) (> 5 cases per year), compared to those operated 
on by LVSs (22). Furthermore, in a series of 1,561 patients 
who underwent esophagectomy for cancer at hospitals in 
California from 1990 to 1994, Patti et al. demonstrated 
a striking correlation between hospital volume and the 
outcome of this operation with an in-hospital mortality 
below 5% for hospital performing more than 30 esopha-
gectomies per year compared to 18% at hospitals with 
less than 5 cases annually (18). The conclusion was that 
this form of surgery should be restricted to hospitals that 
can exceed a yearly minimum experience.   

 In 2 well-designed studies using the Medicare data-
base, Begg et al. (23) and Swisher et al. (24) also reported 
a signifi cant impact of hospital volume on mortality with 
levels as low as 3.4% and 3.0% respectively at HVHs. 
Moreover, Swisher and colleagues demonstrated at their 
series that volume of esophagectomies was the indepen-
dent risk factor for operative mortality, not the number of 
non-esophageal operations, hospital size, or cancer spe-
cialization. In one of the most renowned studies address-
ing the relation between hospital volume and operative 
mortality for different cardiovascular and cancer opera-
tions, including esophageal cancer surgery, Birkmeyer 
et al. reported a signifi cantly decreased risk of mortality 
by selecting HVH (20.3% at hospitals with less than 2 
cases per year compared to 8.4% for hospitals with more 
than 19 cases per year) (9). This study was followed by 
another focusing on the relation between surgeon vol-
ume and postoperative mortality using the same data-
base (25). For esophageal cancer, there was signifi cantly 
higher postoperative mortality among patients operated 
on by LVSs (< 2 resections/year): 18.8% compared to 
those operated on by HVSs (> 6 resection/year): 9.2%. 
The authors could also demonstrate that surgeon volume 
accounted for a large proportion of the apparent effect 
of the hospital volume (46% for esophagectomy). 

 Similar results have been found in studies from the 
Netherlands, Canada, and Sweden. Van Lanschot and 
colleagues analyzed hospital mortality after esophagec-
tomy for cancer in the Netherlands between 1993 and 
1998 and found a linear relation between hospital vol-
ume and mortality (26). Hospitals with < 10 procedures 
per year had 12.1% in-hospital mortality, while hospi-
tals with > 20 resections per year had a corresponding 

4.9% mortality. This volume-outcome trend was also 
supported in a study of hospitals in Ontario, Canada, 
by Urbach et al., in which it was estimated that 4 lives 
potentially would be saved annually if esophageal resec-
tion was performed only at high-volume centers in the 
province (27). Correspondingly, Rouvelas et al. showed 
in a Swedish population-based study that the 30-day 
mortality rate was twice as high at LVHs (9%), de-
fi ned < 10 cases per year, compared to HVHs conduct-
ing at least 10 such operations annually (4%) (28). In 
another Swedish nationwide study based on a different 
database, patients operated on by HVSs (> 6 esophagec-
tomies annually) had a 58% lower 30-day mortality risk 
compared to those operated on by LVSs (29). 

 The conclusion based on a substantial literature is 
that esophageal cancer surgery should be conducted at 
HVHs and by HVSs to reduce the risk of early postop-
erative mortality. 

 IMPACT OF ESOPHAGECTOMY VOLUME 
ON LONG-TERM PROGNOSIS 

 Although the postoperative mortality in relation to sur-
gery volume after esophageal cancer surgery has been in-
vestigated extensively, resulting in an established inverse 
association, the effect of surgical workload on long-term 
survival remains uncertain. Only a limited number of 
studies have been conducted addressing this question 
and the results have been confl icting. A difference be-
tween early postoperative mortality and long-term sur-
vival is that tumor stage must be considered in the latter, 
since it is the dominating prognostic factor with regard 
to long-term prognosis. 

 In Table 32.3, publications reporting on the rela-
tion between surgery volume and long-term survival are 
presented. Three population-based studies, with inher-
ent less risk of selection bias, have assessed the relation 
between hospital volume and long-term survival after 
esophageal resection for cancer with similar fi ndings. 
In a retrospective case-note study in the West Midlands 
region of England, performed by Gillison et al., no rela-
tion between increasing hospital volume and improved 
long-term surgical outcome was found. The 5-year sur-
vival was approximately 18% for the 3 hospital volume 
categories (30). Equivalent results were demonstrated 
by Rouvelas et al. in a national, retrospective Swedish 
study performed during 1987–2000, in which patients 
operated on at hospitals performing > 10 esophagec-
tomies per year had 27.4% 5-year survival compared 
to 23.8% at LVHs, but the difference was statistically 
non - signifi cant, and when tumor stage was adjusted for, 
no difference in risk was found (HR = 0.99, 95% CI 
0.84-1.18) (28). Similarly, a recently published study by 
Thompson and colleagues in Edinburgh, Scotland, found 
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TABLE 32.2 
Selected Publications Reporting Relation between Hospital Volume and Postoperative Mortality

Operative volume (cases/year)

Author (year) Country (region) Years
Patient 
number Mortality rate (%)a

Hospital / 
surgeon

Matthews (1986) (21) U.K. (W. Midlands) 1957–1976 1,119 1–3
39.4

>6
21.6

Surgeon

Miller (1997) (22) Canada (S. W. Ontario) 1989–1993 231 1–5
22

>5
0

Surgeon

Patti (1997) (18) U.S. (California) 1990–1994 1,561 1–5
18

6–10
19

11–20
11

21–30
15

>30
5

Hospital

Begg (1998) (23) U.S. (national) 1984–1993 503 <5
17.3

5–10
3.9

>11
3.4

Hospital

Swisher (2000) (24) U.S. (national) 1994–1996 340 <5
12.2

>5
3.0

Hospital

van Lanschot (2000) (26) Netherlands (national) 1993–1998 1,900 1–10
12.1

11–20
7.5

>20
4.9

Hospital

Birkmeyer (2001) (41) U.S. (national) 1999 2,055 1–7
15.8

>7
5.9

Hospital

Dimick (2001) (40) U.S. (Maryland) 1984–1999 1,136 3
16

4–15
12.7

>15
2.7

Hospital

Kuo (2001) (39) U.S. (Massachusetts) 1992–1999 1,193 <6
9.2

>6
2.5

Hospital

Gillison (2002) (30) U.K. (W. Midlands) 1992–1996 1,125 <4
15.1

4–11
6.6

>12
11.8

Surgeon

<20
9.8

>20
10.2

Hospital

Birkmeyer (2002) (9) U.S. (national) 1994–1999 6,337 <2
20.3

2–4
17.8

5–7
16.2

8–19
11.4

>19
8.4

Hospital

Birkmeyer (2003) (25) U.S. (national) 1998–1999 — <2
18.8

2–6
13.1

>6
9.2

Surgeon

Dimick (2003) (15) U.S. (Maryland) 1994–1998 366 <8
15.4

>8
2.5

Hospital

Urbach (2003) (27) Canada (Ontario) 1994–1999 613 2.8
18.6

8.8
12.6

16.6
12

19
10.2

Hospital

Metzger (2004) (35) Worldwide 1984–1999 18,032 <5
18.0

5–10
13.8

11–20
11.0

>20
4.9

Hospital

Rouvelas (2006) (29) Sweden (national) 2001–2005 607 <2
7.1

2–6
2.1

>6
2.6

Surgeon

Rouvelas (2007) (28) Sweden (national) 1987–2000 1,199 <10
9.3

>10
4.5

Hospital

a Postoperative mortality is generally reported at 30 days.
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TABLE 32.3
Publications Reporting Relation between Hospital Volume and Long-Term Survival

Operative volume (cases/year)

Author (year) Country (region) Years
Patient 
number Survival (%)a Hospital /surgeon

Gillison (2002) (30)b U.K. (W. Midlands) 1992–1996 1,125 < 4           4–11           >12
Approximately 18

Hospital

Wenner (2005) (33) Sweden (national) 1987–1996 1,425 < 5
17

5–15
19

>15
22

Hospital

Rouvelas (2007) (28)b Sweden (national) 1987–2000 1,199 <10
23.8

>10
27.4

Hospital

Birkmeyer (2007) (32) U.S. (national) 1992–2002 822 0.3–3.8
17.4

14.4–107
33.7

Hospital

Thompson (2007) (31) Scotland (national) 1997–1999 1,302 13
43.4

13–19
38.5

20–34
37.6

>35
36.8

Hospital

aSurvival refers to overall survival at 5 years.
bTumor stage was included in the analysis

no relationship between hospital volume and long-term 
survival after surgery for esophageal cancer (31). All 
these studies included tumor stage in their analyses, but 
one of the studies   had missing data on a high frequency 
of cases and did not include stage in its analyses (31). In 
confl ict with these results, Birkmeyer et al., in a study 
using the Medicare database, demonstrated that HVHs 
have better late survival rates than LVHs (33.7% vs. 
17.4% respectively) (32), a fi nding supported by a study 
by Wenner and colleagues (33). However, the results of 
both these studies must be interpreted very cautiously 
since tumor stage was not available.   

 In summary, more research is needed before the 
role of surgery volume with regard to tumor stage spe-
cifi c survival is established, but based on the few valid 
studies that included tumor stage, it seems that tumor 
biology has a greater impact on the long-term survival 
than does surgery volume. 

 DEFINITION OF VOLUME 

 The recommendations of the minimum number of esoph-
agectomies needed to be performed annually to allow 
such surgery to be as safe as possible deserve attention. 
First, an important issue is whether hospital or surgeon 
volume is a better measure of comparison. Hospital 
volume may be a better parameter, since it represents 
a multidisciplinary and complex system of independent 
contributing process and structure variables that relate 

to patient care. This system includes preoperative patient 
selection, experience of the surgical, anaesthesiologic, 
medical, and nursing staff with major surgery, intraoper-
ative technical skills, and postoperative prevention, early 
diagnosis and management of complications. It is not 
only the single surgeon that makes the difference, but all 
the contributors to the multidisciplinary treatment that 
infl uence patient outcome after such a complex surgery 
such as esophagectomy for cancer. Since it has been well 
established that the early postoperative morbidity and 
mortality is higher at LVHs, the vast majority of the ex-
perts in treatment of esophageal cancer agree that these 
patients should be discussed and treated in a multidisci-
plinary setting, and esophageal cancer surgery should be 
performed in high-volume centers by skilled and experi-
enced esophageal surgeons. 

 Given the heterogeneity of the defi nition of hos-
pital and surgeon volume in the literature, it has been 
diffi cult to identify minimum volume thresholds at 
which satisfactory performance is achieved. The Leap-
frog Group, a consortium of health care purchasers 
and providers in the United States and perhaps the 
best-known promoter of volume-based selective refer-
ral, in one of its initial (2000) guidelines for selective 
referral to HVHs suggested an annual volume thresh-
old of 7 esophagectomies a year, but after a revision in 
2003, this threshold was increased to 13 cases a year. 
Christian et al. tested whether this latter threshold rep-
resented the optimal cutoff to discriminate between 
high- and low-mortality hospitals (34). They concluded 
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that there was a lack of correlation between volume and 
mortality when based on the Leapfrog Group threshold 
and suggested an empirical cutoff of 22 esophagecto-
mies per year. A meta-analysis by Metzger et al. tried to 
identify the lower limit of esophageal cancer operations 
performed per year required to achieve the best results 
concerning early postoperative mortality (35). They re-
viewed 13 studies between the years 1990 and 2003 and 
the hospital volume was categorized in 4 groups with 
the very low-volume hospitals (VLVHs) defi ned as < 5 
esophagectomies per year and HVHs defi ned as > 20 
resections performed annually. The postoperative mor-
tality was signifi cantly higher in VLVHs (18%) com-
pared to HVHs (4.9%). The conclusion drawn based 
on these results was that esophageal cancer surgery 
should be performed only by specialists who operate 
in HVHs with at least 20 or more cases per year, and 
furthermore, that only by referring to experienced spe-
cialized teams the patients have a chance of decreased 
postoperative mortality. Finally, in the United King-
dom, the National Health Service Executive guidance 
in 2001 recommended that the hospitals that managed 
esophageal cancer patients should evaluate at least 100 
patients yearly, approximately corresponding to an an-
nual resection frequency of 40 esophagectomies (36). 

 VOLUME AND OTHER RELEVANT 
OUTCOMES 

 Although mortality is usually considered as the major 
endpoint in studies examining the effect of hospital vol-
ume in the clinical outcomes after surgery, health-related 
quality of life should be another very important end-
point, particularly in oncologic surgery. To our knowl-
edge, besides a study conducted in Sweden fi nding a 
non-significantly improved quality of life among pa-
tients operated at HVHs compared to those operated at 
LVHs (37), no other study has specifi cally addressed this 
question. However, it is documented that postoperative 
complications, especially surgery-related, have a nega-
tive impact on the global quality of life 6 months after 
esophageal cancer surgery (37). Speculatively, decreasing 
the risk for postoperative morbidity after esophageal re-
section by centralization should also increase the chances 
for improved quality of life after such a procedure. Nev-
ertheless, more prospective studies investigating patient-
related outcomes (PRO) are warranted. This is of obvious 
importance, since the majority of esophageal cancer pa-
tients are not cured even after successful esophageal re-
section, making quality of life measurements the decisive 
parameters of the clinical outcome. Current cooperative 
group, multi-institutional clinical trials incorporate PRO 
survey instruments prospectively. 

 Other potential informative indicators on the effect 
of hospital volume to the clinical outcome after esopha-
geal resection for cancer may be related to the health 
economics that pertain to length of hospital stay, need 
for intensive care unit (ICU) stay, and readmission rates 
(Table 32.1). These measures are likely mainly mirror-
ing the occurrence of postoperative complications. Patti 
et al. found no difference in length of hospital stay de-
pending on the hospital volume, but a substantially in-
creased rate of home discharges and a linear increase in 
hospital charges was demonstrated with increasing sur-
gical volume (18). No signifi cant differences in length of 
hospital stay or readmission rates in relation to surgical 
workload were either found by Goodney and colleagues 
(38). Opposite to these fi ndings, Kuo et al. showed that 
compared to LVH surgery, patients undergoing surgery 
at HVH (> 6 cases/year) had a 2-day shorter median 
length of stay (p < 0.001), a 3-day reduction in ICU stay 
(p < 0.001), and a non-signifi cant increase in the median 
hospital costs (39). Similar results with reduced length 
of stay and decreased hospital charges by increasing hos-
pital volume were also demonstrated both by Dimick 
and colleagues (40) and Swisher and colleagues (24). In 
summary, the health economics may be superior in high-
volume surgery centers, likely due to less postoperative 
complications. 

 CONCLUSI ON

 Esophagectomy is a complex surgical procedure where 
the risk for severe postoperative complications is con-
siderably high and the chance for cure remains low. 
This review of the available literature has shown, how-
ever, that this surgery can be performed safely with 
low rate of postoperative morbidity and postoperative 
mortality in experienced, specialized centers with high 
annual surgical workload and in a multidisciplinary set-
ting. Furthermore, higher surgical volume seems also to 
be related with better health economic outcomes most 
likely due to decreased risk and better management of 
complications. Nevertheless, there is no striking evi-
dence regarding improved long-term outcome with in-
creasing volume where the tumor biology seems to have 
a greater impact. 

 Centralization to dedicated centers, performing at 
least 20 esophageal resection per year, is advocated for 
the vast majority of experts in treatment of esophageal 
cancer. In this way, a further improvement in the prog-
nosis of esophageal cancer patients can be achieved. 
However, further investigation, focusing on parameters 
like disease-free interval and health-related quality of 
life, is warranted. 
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  33   Benign: Lipoma 

 Shigeru Tsunoda 
 Glyn Jamieson 

lipoma of the alimentary tract is a 
relatively rare disease, with the in-
cidence being 4.1% in 4,000 cases 
of benign gastrointestinal tumors 
(1). The majority (64%) of them 

occur in the small intestine. Lipoma of the esophagus is 
extremely rare, with an incidence of only 2% of lipomas 
of the gastrointestinal tract, and they constitute only 2% 
of benign esophageal tumors (2). On the other hand, a 
lipoma is the third most common polypoid tumor (17%) 
in the hypopharynx and the esophagus (3). 

 The majority of lipomas of the esophagus are pe-
dunculated and found in the cervical esophagus, while 
intramural lipomas tend to arise in the thoracic esoph-
agus (4,5). As pedunculated polyps of the esophagus 
have been variously reported as a hamartoma, fi broma, 
lipoma, and fi brolipoma (6,7), pedunculated lipomas 
might be better classifi ed as fi brovascular polyps, a term 
recommended by the World Health Organization’s inter-
national histological classifi cation (8). 

 CLINICAL PRESENTATION 

 As with other esophageal tumors, lipomas of the 
esophagus commonly present with dysphagia (9). Ody-
nophagia, recurrent melena (10), and mechanical com-
pression of the upper respiratory tract (11,12) have 

also been described. The pedunculated lesions in the 
cervical esophagus can cause polyp aspiration and fatal 
asphyxiation (13–15). 

 DIAGNOSTIC EVALUATION 

 An initial evaluation should include a thorough his-
tory and physical examination, followed by a barium 
swallow and upper endoscopy. Endoscopic clues to a 
diagnosis of lipoma include the “tenting” sign (easy re-
tractability of normal mucosa overlying a lesion) and 
the “cushion” sign (a sponge-like impression made by 
biopsy forceps as they are advanced into the lesion) 
(16,17). Most lipomas are covered by normal mu-
cosa, but they sometimes present with ulceration over 
the distal part of the tumor due to the refl ux of acid 
(18). However, in one report it was found that 22% of 
initial contrast studies and 33% of initial endoscopic 
examinations failed to identify the presence of polyps 
(3). Proximal dilation of the esophagus was mentioned 
in 24% of the contrast studies, and the free passage 
of barium into the stomach was universally noted (3). 
Therefore, one has to be careful before dismissing those 
patients who present with symptoms of dysphagia and 
yet have a nondiagnostic initial work-up. Repeat stud-
ies should be considered, and if the problem is severe 
enough, consideration should be given to obtaining a 

 A
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computed tomographic (CT) scan, magnetic resonance 
imaging (MRI), or endoscopic ultrasonography (EUS) 
(19). Lipomas are demonstrated on CT scan as homo-
geneous low density tumors (20), whereas liposarcomas 
are usually heterogeneous with septa and areas of non-
fatty tissue (20) that show enhancement with contrast 
by CT or by MRI (21). As most lipomas of the esopha-
gus are pedunculated, the most likely observation is of a 
low density mass surrounded by a single ring of normal 
esophageal wall (22). Rarely, a lipoma presents as an in-
tramural mass rather than a pedunculated one (23,24). 
With regard to MRI, fatty elements are identifi ed eas-
ily as areas of T1-weighted hyperintensity that follow 
the signal of subcutaneous fat on all pulse sequences 
and appear hypointense on the fat-suppressed images 
(25,26). With EUS, a lipoma may present as a hyper-
echoic submucosal tumor with a distinct margin (27,28). 
However, it can be diffi cult to exclude the possibility 
of liposarcoma especially if the lesion is well differenti-
ated, unless of course there is clear evidence of inva-
sion or metastatic lesions (26,29). However, if lipomas 
are rare, then liposarcomas are much rarer again in the 
esophagus. As a lipoma of the esophagus is a submuco-
sal tumor, endoscopic biopsy rarely provides a defi nite 
preoperative diagnosis (29). 

 TREATMENT 

 Because of the potential for disastrous complications, 
surgical or endoscopic removal of proximal pedun-
culated tumors is strongly recommended (3). When 
managed conservatively, it has been reported that the 

tumors can increase in size (16). Treatment strate-
gies need to be individualized with such factors as the 
tumor location and the size of the tumor being impor-
tant. Pedunculated polyps can be removed by means 
of endoscopic ligation or stapling. If it is diffi cult or 
impossible to resect endoscopically, surgical interven-
tion should be considered. The approach can be trans-
cervical, transthoracic, or thoracoscopic (4,30). There 
is a report of a transgastric laparoscopic resection of 
a giant pedunculated lipoma of the thoracic esopha-
gus with a 5 cm stalk, which was resected using an 
endoscopic linear stapler (31). If a lipoma is intramu-
ral, the enucleation of the tumor is the preferred ap-
proach. However, occasionally esophagectomy can be 
indicated (32). 

 PROGNOSIS 

 As a lipoma is a benign disease, recurrences do not usu-
ally occur. There is a report of a series of cases where 
intentional “subtotal”endoscopic resections of lipomas 
of the colon were undertaken without recurrence in a 
1- to 8-year follow-up period (33). However, there is 
also a report of a laryngoscopic ligation of a peduncu-
lated hypopharyngeal lipoma from a patient who had 
a history of laryngoscopic removal of similar hypopha-
ryngeal polyp 6 years earlier (34). As stalks of pedun-
culated polyps of the esophagus are often elongated by 
the repetitive forces of esophageal peristalsis (35), when 
managed via an open approach any redundant esopha-
geal mucosa around the stalk of the polyp should be 
resected to prevent further recurrence (3). 
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  34    
Benign: Fibrovascular 
Polyp 

 Shigeru Tsunoda 
 Glyn Jamieson 

ibrovascular polyps are a rare be-
nign disease comprising 1% to 2% 
of all benign esophageal tumors 
(1–3). However, they are the most 
common histological type of hypo-

pharyngeal and esophageal polyps with an incidence of 
34% (4). 

 Fibrovascular polyps consist of a varying mixture 
of fi brous and lipomatous tissue, associated with abun-
dant vascularization. They are covered by normal squa-
mous epithelium (5). Depending on the predominant 
histologic components, theses tumors have variously 
been called hamartomas, fi bromas, myomas, fi brolipo-
mas, pedunculated lipomas, and fi broepithelial polyps 
(5,6). This peculiar composition of a mixture of normal 
or near-normal stromal tissues suggests that a fi brovas-
cular polyp is not a neoplasm (7). They may be acquired 
malformations or hamartomas of lamina propria, or 
they may be some unusual form of infl ammatory polyp 
or post-injury phenomenon, although neither preceding 
infl ammation nor injuries have been described (7). In-
deed, all of these lesions have been classifi ed together as 
fi brovascular polyps, a term recommended by the World 
Health Organization’s international histologic classifi ca-
tion (8). 

 Fibrovascular polyps almost always originate 
from Laimer’s triangle, just inferior to the cricopharyn-
geus muscle, although a more proximal origin in the 

oropharnx has been described (9). It is thought that a 
nodular submucosal thickening evolves into a fi brovas-
cular polyp. The lack of muscular support in this re-
gion associated with the pressure differences between 
a contracted cricopharyngeus and peristaltic waves of 
the pharyngeal and esophageal musculature might con-
tribute to polyp formation (10). The polyps sometimes 
grow to a very large size, and they can reach the distal 
third of the esophagus and even prolapse into the stom-
ach (5). 

 CLINICAL PRESENTATION 

 Fibrovascular polyps of the esophagus commonly 
present with progressive dysphagia are often associ-
ated with weight loss, retrosternal discomfort, pha-
ryngeal pain, or feeling of a lump in the throat (1). 
Regurgitation of the polyp (4) is a quite common and 
distinctive feature and has been observed in almost 
half the patients (1). A polyp can cause asphyxiation 
resulting from impaction of the polyp in the glottis, 
and this is the most likely complication to be fatal 
(2,11–14). Respiratory symptoms vary from cough-
ing to respiratory distress due to the polyp causing 
mechanical obstruction (15). Odynophagia and me-
lena have also been described as presenting symptoms 
(16). 

 F
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 DIAGNOSTIC EVALUATION 

 An initial evaluation should include a thorough history 
and physical examination, followed by a barium swal-
low and upper endoscopy (Figure 34.1). However, the 
presence of a fi brovascular polyp can be diffi cult to di-
agnose (17), and up to 30% of patients may die before 
a correct diagnosis is made (17). Even though endos-
copy is recognized as the best modality for accurate 
diagnosis (18), a polyp may be missed at endoscopy as 
it is covered by normal mucosa and can be easily dis-
placed (19). A barium esophagogram is useful for the 
detection of fi brovascular polyp as well. This usually 
demonstrates an intraluminal smooth, sausage-shaped 
or crescent-shaped fi lling defect (1,20). However, a 
polyp can be obscured if too much radiocontrast is 
used and the impression then may be a dilated esopha-
gus suggestive of achalasia (1). An endoscopic ultra-
sound may demonstrate a tumor originating from 
submucosa (21), and it also provides information on 
the vascularity of the polyp and the stalk location 
(22,23). At computed tomography (CT), fi brovascular 
polyps can show different attenuation values in ac-
cordance with the proportions of fi brous and adipose 
tissues present (24). Therefore, polyps that contain 
different amounts of fi brovascular and adipose tissues 
show heterogeneous attenuation (20). CT with multi-
planar reformatting may provide the location of the 
tumor as well as the proximal attachment (25). Feed-
ing vessels of the tumor within the stalk are well visu-
alized by contrast-enhanced helical CT (24). This may 
be crucial information in deciding whether to remove 
the polyp by endoscopic snare polypectomy or by 

transcervical esophagotomy (24). Magnetic resonance 
imaging can also be employed for optimal character-
ization of the tumor. Sagittal and coronal sections are 
ideal for showing the extent of the lesion. Different 
pulse sequences, including T1-weighted, T2-weighted, 
fat-saturated, and contrast-enhanced T1-weighted im-
aging, may provide valuable information regarding 
the composition of the mass (9). Fatty elements are 
identifi ed easily as areas of T1-weighted hyperinten-
sity that follow the signal of subcutaneous fat on all 
pulse sequences and appear hypointense on the fat-
suppressed images (9). Similarly, areas of T1 and T2 
hypointensity may refl ect the presence of fi brovascular 
elements.   

 TREATMENT 

 Because of the potential for disastrous complications, 
surgical or endoscopic removal of the tumor is strongly 
recommended (4). The treatment strategies are indi-
vidualized based on the tumor location and/or the size 
of the tumor. Pedunculated polyps may be able to be 
removed by means of endoscopic ligation unless there 
is a large feeding artery within a stalk of the polyp (24), 
when stapling may be more appropriate, or open op-
eration. In masses composed predominantly of adipose 
tissue, the risk of bleeding is low (26). In such cases, 
endoscopic treatment may be preferred, especially in 
old or frail patients. If it is diffi cult to resect a polyp 
endoscopically, surgical intervention needs to be con-
sidered because of the potential for hemorrhage from 
endoscopic removal (5,27). Left cervical esophagotomy 
is the preferred approach (28). However, occasionally 
it may even be necessary to undertake an esophagec-
tomy due to diffi culty with an accurate preoperative 
diagnosis (29). 

 PROGNOSIS 

 As the nature of the lesion is benign, the prognosis of 
the patients with fi brovascular polyps is good, although 
the potential for fatal asphyxiation exists. However, 
occasionally a recurrent polyp develops, although it 
has been reported only in patients that underwent ei-
ther endoscopic removal or cervical esophagotomy 
(1), and there has been no report of recurrence after 
thoracotomy. 

 The literature also contains several reports of the 
development of squamous cell carcinoma associated 
with fi brovascular polyps (30,31) and also the devel-
opment of liposarcoma (32). Whether this represented 
true malignant degeneration of a polyp is a moot point, 
however. 

FIGURE 34.1

An endoscopic image showing a large pedunculated tumor 
of the esophagus.
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  35   Benign: Fibrolipoma 

 Shigeru Tsunoda
  Glyn Jamieson 

ibrolipoma is a pathologic variant 
of a lipoma originating from meso-
dermal tissue and is composed of 
fi brous and lipomatous elements 
(1). It has been suggested that fi -

brolipomas arise from the maturation of lipoblastoma-
tosis. Further maturation of both adipose and fi brous 
tissue results in mature strands of collagen separating fat 
cells into lobules, characteristic of a fi brolipoma (2,3). 

 It is a very rare tumor and there were only 2 cases of 
fi brolipoma of the esophagus in 4,000 cases of benign neo-
plasms of the digestive tract in a 27-year study reported 
from the Mayo Clinic (4). Another review of 110 cases 
of pedunculated esophageal and hypopharyngeal polyps 
gave the incidence of fi brolipoma as 11% (5). However, 
pedunculated fi brolipomas might have been confused 
with fi brovascular polyp due to the fact that fi brovascular 
polyps have been variously called hamartomas, fi broma, 
and fi brolipomas (6,7). In fact, these lesions have all been 
recently classifi ed together as fi brovascular polyps, a term 
recommended by the World Health Organization’s inter-
national histologic classifi cation (8). 

 CLINICAL PRESENTATION 

 The clinical features of fi brolipoma of the esophagus are 
not always specifi c and, in fact, 13% of all such patients 

are asymptomatic (9). Symptoms are usually related to 
the size of the tumor, which tends to be pedunculated 
and intraluminal. Pedunculated esophageal polyp can 
cause progressive dysphagia, weight loss, retrosternal 
discomfort, pharyngeal pain, or a feeling of a lump in 
the throat (10). Regurgitation of the mass (5) is a quite 
common and distinctive feature of pedunculated esoph-
ageal polyps, which may be observed in almost half the 
patients (10). At times it may cause asphyxiation result-
ing from impaction of the polyp in the glottis, which is 
often a fatal complication (11–16). 

 DIAGNOSTIC EVALUATION 

 Fibrolipoma is a subclass of lipoma and their clinical 
and histologic features are overlapped by those of fi bro-
vascular polyps (17). (See Chapter 33 “Benign: Lipoma” 
and Chapter 34 “Benign: Fibrovascular Polyp.”)   

 TREATMENT 

 There are not many references specifi c for the treatment 
of fi brolipomas of the esophagus due to its extreme rar-
ity. However, they should be treated in the same way 
as lipomas and fi brovascular polyps of the esophagus. 
In other words, endoscopic or surgical removal via cer-
vical esophagotomy or thoracotomy can be adopted in 
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accordance with the location of the tumor, the size of the 
stalk, and vascularity. (See Chapter 33 “Benign: Lipoma” 
and Chapter 34 “Benign: Fibrovascular Polyp.”)   

 PROGNOSIS 

 There are no reports of recurrence of esophageal fi -
brolipoma, but there is one report of recurrence of a 

hypopharyngeal fi brolipoma that extended into the 
esophagus (18). Another report documented the de-
velopment of a liposarcoma that arose 9 years after 
excision of a fi brolipoma in the pharynx (19). In gen-
eral terms, however, these are benign lesions which are 
treated as documented in Chapters 33 and 34.   
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  36   Benign: Hemangioma 

 Elizabeth Louise Wiley 
 Gregorio Chejfec 

emangiomas were fi rst described 
in the esophagus in 1896 (1). 
They are extremely infrequent and 
all reports in the literature con-
sist of single cases. In a review of 

99 cases of benign tumors of the esophagus published 
until 1960, Plachta cited only 9 hemangiomas, an in-
cidence of 2.1% (2). The absolute majority of benign 
tumors were leiomyomas (51%); fi bromas and lipomas 
were twice as frequent as hemangiomas (4.8%). Curi-
ously, only 4 cases of neurofi bromas had been reported 
(0.9%). The rarity of benign tumors of the esophagus 
was reported in a combined series of 13,460 autopsies 
between 2 institutions, where only 11 cases were iden-
tifi ed, none of which were hemangiomas (3). In 1981, 
Hanel et al. reviewed 24 cases of hemangiomas; most 
of the cases were of cavernous type (4); in his report, 
he cited a series by Gentry et al. of 21 cases of heman-
giomas among 344 cases of benign and malignant vas-
cular tumors of the gastrointestinal tract, an incidence 
of 6.1% (5). 

 Yamashita et al. reviewed the literature in Japan; 
until 1993, 45 cases of hemangiomas of the esophagus 
had been reported in the Japanese literature (6). Also 
in Japan, Araki et al. found 29 cases reported in En-
glish, diagnosed from 1926 until 1997   (7). From 1997 
until 2007 an additional handful of cases were reported 
(8–20). 

 CLINICAL ASPECTS 

 Hemangiomas of the esophagus occurred more fre-
quently in men; in one of the series, there were 17 males 
and 12 females (7). The tumors are more commonly di-
agnosed from the fourth to the seventh decade, with a 
range from infancy (21) to age 72 (7). The tumors oc-
curred throughout the length of the esophagus; 50% ap-
peared in the upper esophagus, 28% in mid-esophagus, 
and 245 in the distal third (1,2,7). 

 Most of the reported hemangiomas were asymp-
tomatic; their discovery occurred during routine radio-
logic studies or endoscopic procedures (7,8,12,19). 

 When symptoms motivated a consultation, dyspha-
gia was the most common complaint (10,13,15,16,17,
20), followed by hematemesis or melena (1,11,14,15). 
Retrosternal pain was present in 2 cases (9,14). In the 
pediatric literature, 4 infants were fi rst examined be-
cause of stridor (20). 

 At endoscopy, the tumors were described as blu-
ish, polypoid masses; some were sessile (2), while 
others were pedunculated (1,7–9). The surface was 
reported as normal mucosa (7), though in several 
cases there was a focal ulceration (11,15). Some of 
the tumors were biopsied without signifi cant bleeding 
(9,11). 

 Other diagnostic modalities included barium swal-
low (7,8), endoscopic ultrasonography (12–14,17), 
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computerized tomography (CT) (18,19) and magnetic 
resonance (MRI) (12,19). 

 PATHOLOGY 

 Macroscopically, the tumors were extremely congested, 
“vascular” lesions, sometimes described as “blood clots” 
(1), measuring from 0.5 to 20 cm in maximum diameter 
(Figures 36.1 and 36.2).   

 Microscopically, the hemangiomas had several his-
tologic arrangements; some were described as capillary 
hemangiomas, consisting of small vessels lined by normal 
appearing endothelial cells (8) (Figures 36.3 and 36.4). 
Two cases were reported as lobular capillary heman-
giomas, and also referred to as “pyogenic granulomas” 
(8,15). 

 One case, initially diagnosed at biopsy as heman-
gioma, was reclassifi ed as arteriovenous malformation 
after the lesion was resected. Microscopic examination 
of the case revealed thick- and thin-walled blood vessels 
in close proximity. 

FIGURE 36.1

Intraoperative photo of a large cavernous hemangioma of 
the esophagus. Courtesy of Dr. Anthony Kim.

FIGURE 36.2

Surgical specimen of the large cavernous hemangioma. 
Courtesy of Dr. Anthony Kim.

FIGURE 36.3

Low-power view of a capillary hemangioma, beneath squa-
mous epithelium of the esophagus (H&E x 400).

FIGURE 36.4

Higher magnification of capillary hemangioma (H&E x 
200).



 36 • BENIGN: HEMANGIOMA 305

 By far, however, the most common type of heman-
gioma consisted of cystically dilated, irregular vascular 
cavities, separated by thin septa containing thin endo-
thelial cells. Such hemangiomas were diagnosed as cav-
ernous. In one series, 16 of 20 hemangiomas were the 
cavernous type (7). One of the reports included hamar-
tomas among the types of hemangiomas of the esopha-
gus (17). 

 The microscopic diagnosis was based on exami-
nation of the classic stain, e.g., hematoxylin-eosin. 
Only once were immunohistochemic stains used to 
differentiate the hemangioma from Kaposi’s sarcoma; 
the authors utilized antibodies to factor VIII, smooth 
muscle actin (SMA), and herpes virus 8 (HHV8) 
(15). 
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  37    Benign: Granular 
Cell Tumors 

 Elizabeth Louise Wiley 
 Gregorio Chejfec 

brikossoff fi rst described granular 
cell tumors (GCTs) and, based on 
morphologic features, designated 
them as granular cell myoblastomas. 
His paper published in 1926 was a 

series of 5 cases of the tongue (1), and in 1931, he re-
ported fi nding a single GCT in the esophagus (2). Fischer 
and Wechsler in 1962 characterized these tumors as show-
ing Schwann cell differentiation (3). 

 Most commonly located in the skin and tongue, 
GCTs are found in every organ of the body, including the 
oral cavity, breast, orbit, skin skeletal muscles, and pe-
ripheral and central nervous systems (4,5). The gastroin-
testinal tract is an uncommon location and accounts for 
only 8% of all GCTs (6). Johnston and Helwig reported 
a large series of 74 gastrointestinal GCTs in 1981. In 
their series, one-third of GI GCTs were located in the 
esophagus, making the esophagus the most common 
gastrointestinal site outside the mouth (7) or 1% to 2% 
of GCTs overall. Some 300 GCTs of the esophagus 
are reported in the literature (8), with the largest se-
ries of 52 cases being published by Voskuil et al. from 
the national Dutch pathology register (1988–1994  ) in 
2001 (9). 

 Most granular cell tumors are benign, occur as a 
single lesion (4,7,9) with more than half occurring in the 
distal esophagus. There is a female (2:1) preponderance. 
GCTs are more common in African Americans than Cau-

casians (8), and patients present most frequently in the 
fourth, fi fth, and sixth decades of life (10,11). Almost 
virtually all reported cases are in adults, but rare pedi-
atric cases are known (8). Of all esophageal tumors, 5% 
to 12% are multiple, being diagnosed concurrently or 
metachronously and independently (9,11,12). Multiple 
tumors may be confi ned to the esophagus or associated 
with other organ sites (8,11–16). Malignant GCT account 
for 1% to 2% of all GCT (16,17). The exact incidence is 
diffi cult to obtain because of the diffi culty in distinguish-
ing multiplicity from metastases in some cases and recur-
rences in up to 10% of resected cases (8,18). 

 CLINICAL PRESENTATION 
DIAGNOSES 

 Voskuil, in his report of the Dutch registry, found that 
90% of patients had no symptoms or symptoms un-
related to the esophageal GCT (9), and the GCT were 
found incidentally in work-up for other reasons. Other 
case series suggest that symptomatic tumors are larger. 
Several published series fi nd that symptoms are more 
common in tumors larger than 10 mm and also in the 
setting of multiple tumors (8). Ordonex and Mackay re-
ported that more than one-half of their patients were 
symptomatic with dysphagia, epigastric pain, heartburn, 
and dyspepsia (4,11). 
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 Endoscopically, most tumors are described as sub-
mucosal masses located in the distal esophagus, rarely 
associated with luminal narrowing. Differential diagno-
ses include fi broma, cholesterol deposit, xanthelasmata, 
papilloma, gastric heterotopia, leiomyoma, lipoma, 
Barrett’s mucosa, ulceration, carcinoma (9). Both com-
puterized tomography and esophageal ultrasound have 
detected GCT. Esophageal ultrasound is useful in delin-
eating GCT, showing a hypoechoic solid pattern with 
smooth borders located in the submucosa and/or mus-
cularis propria (8). 

 GROSS FINDINGS 

 Excision specimens are a nondescript nodule, which on 
cut section shows a white to pale yellow, fi rm poorly 
circumscribed mass with distinct margins. Most GCT 
are small; one-half of Voskuil’s series were 5 mm or less. 
Only 20% were 10 to 30 mm at greatest diameter (9). 
The tumors usually arise in the submucosa or muscula-
ris with little extension into the mucosa. Occasionally, 
GCT may lie completely within the muscularis propria 
(7). Like the dermatofi broma of the skin, esophageal 
GCT are associated with hyperplasia of the overlying 
epithelium. The overlying mucosa may be thickened and 
keratotic, sometimes being mistaken for dysplasia or 
tumor (Figure 37.1) (11,14). Rarely, the overlying mu-
cosa is ulcerated.   

 Microscopic sections show plump, spindle, or po-
lygonal cells with abundant fi nely granular amphophilic 
to eosinophilic cytoplasm. The cells are tightly packed 
into sheets, nests, and bands that infi ltrate the stroma at 
the edges of the tumor. The typical GCT has small round 

nuclei with occasional small nucleoli (Figure 37.2). The 
cytoplasm contains numerous phagolysomes and glyco-
lipids, which account for the characteristic cytoplasmic 
PAS positivity of these tumors. In keeping with electron 
microscopic features of Schwannian differentiation, 
the tumors are positive for S-100 protein by immuno-
histochemistry (Figure 37.3). They also are reactive to 
antibodies against enolase, myelin proteins, laminin, 
calretinin, TFE3, and nestin (19), but lack muscle and 
melanoma markers as well as glial fi brillary protein, 
CD34, and CD-117.   

 Similar to the dermatofi broma, about one-half of 
GCT show pseudoepitheliomatous hyperplasia of the 
overlying squamous mucosa (11,14). Mucosal biopsies 

FIGURE 37.1

Low-power view of GCT showing diffuse infiltrate beneath 
the squamous epithelium, which is thickened (H&E x 100).

FIGURE 37.2

High-power view of GCT with the characteristic appearance 
(H&E x 400).

FIGURE 37.3

S100 immunostain showing diffuse and strong reactivity of 
the granular cells (x 400).



 37 • BENIGN: GRANULAR CELL TUMORS 309

often are dominated by the hyperplastic squamous epi-
thelium and little of the submucosa is present with le-
sional cells. Not only can the GCT be overlooked, but 
the squamous hyperplasia may be suffi ciently atypical 
to lead to an incorrect diagnosis of well-differentiated 
squamous carcinoma (10,11). 

 A very small subset (~ 2%) of GCT is malignant, 
showing local invasion and/or metastases. Several re-
ports have attempted to set criteria for distinguishing 
benign from malignant GCT (4,11,18,20,21) despite 
published cases of tumors with benign appearance and 
metastastic disease (4,22). Adverse characteristics of 
GCT include rapid growth, nuclear pleomorphism, high 
nuclear to cytoplasmic ratio, elevated mitotic index or 
high proliferation rate as determined by Ki-67 inex, 
p53 positivity in a majority of nuclei by immunohis-
tochemistry, tumoral necrosis, and increased cellularity 
(12,18,20,21). David (20) and others (4,11) have sug-
gested that an infi ltrative growth pattern is important 
in distinguishing benign from potentially malignant tu-
mors; of 13 cases with an infi ltrative pattern, 2 metasta-
sized (4,10,11,18). In one series of GCT, benign tumors 
were exclusively negative for PCNA, bcl-2, and p53 
(21). Malignant GCT in the literature were diagnosed 
by rapid growth or rapid recurrence after excision, tra-
cheal infi ltration, lymph node metastases, abundant 
mitotic fi gures. and multiple infi ltrative tumors with 
pleural effusion and liver metastases and infi ltrative 
pattern (12,18,20,23). 

 Esophageal GCT can be found associated with ma-
lignancies; the most common is squamous carcinoma of 
the esophagus (10). GCT has also been found with lin-
gual, laryngeal, lung, gastric, mammary, and Ampulla of 
vater carcinomas (10,23). 

 There are a few lesions that GCT may resemble. 
Differential diagnosis includes histiocytes and foreign 
body response. The cells of most GCT resemble his-
tiocytes with small nondescript nuclei. However, most 
histiocytes nuclei have a nuclear notch and are CD68 
positive and S-100 negative. The 2 tumors most closely 
resembling GCT are rhabdomyoma and alveolar soft 
part sarcoma (ASPS); both tumors are extremely rare in 
the esophagus. Although both GCT and ASPS have re-
activity to TFE3, ASPS has rich vascularity, an alveolar 
pattern, nucleoli in nearly every cell, and rhomboid PAS 
positive crystals. Rhabdomyomas express pan-muscle 
and striated muscle antigens by immunohistochemistry. 

 As most GCT are small with low to absent cell 
proliferation at diagnosis, most are stable and require 
no therapy (11). Excision should be restricted to symp-
to matic lesions, lesions greater than 1 cm, and those with 
histologic features of malignancy (11,14). The Dutch se-
ries reported no treatment in 90% and no follow-up in 
one-half of patients (9). Complete excision is the only 
option at present for malignant GCT, as radiotherapy 
and chemotherapy have been shown to be of little use 
(24). Those cases of GCT with coexisting malignancies 
should have treatment indicated for the cancer (25). 
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  38   Benign: Neurofi broma 

 Elizabeth Louise Wiley 
 Gregorio Chejfec 

eurofi bromas and nerve sheath tu-
mors (schwannomas) are uncom-
mon in the esophagus. These 2 
lesions are related in that they both 
consist of cells that insulate and 

protect axons and dendritic processes. These tumors dif-
fer in that the neurofi broma intimately involves a nerve 
with the neoplastic cells intertwining and splaying apart 
the axons or dendritic fi bers of a nerve, whereas the 
schwannoma never does. 

 NEUROFIBROMAS 

 In 1950, Engelking (1) published a case of an upper esoph-
ageal neurofi broma. As Reichelt (2) reported in 1973, 
patients with neurofi bromatosis type I (von Recklinghau-
sen’s disease) and MEN II (3) may present with esopha-
geal manifestations, most commonly caused by plexiform 
neurofi bromas, but also malignant peripheral nerve sheath 
tumors (4). By 1997, Lee had found 200 cases of benign 
neural tumors of the esophagus in the literature (5). 

 Clinical Aspects 

 Although solitary esophageal neurofi bromas occur 
(5–11), most are associated with neurofi bromatosis 

(2–4,10,12–16), an autosomal dominant inherited dis-
order caused by a mutation in the gene located on the 
long arm of chromosome 17 (17). Patients with neuro-
fi bromatosis frequently present with symptoms of ob-
struction but can also present with signs of esophageal 
dysmotility (13) and gastrointestinal hemorrhage (16). 
The tumors may be single (10), encasing surrounding 
structures (14), or multiple (12,13,15). The few reported 
solitary neurofi bromas presented with dysphagia, ste-
nosis, radiologic fi ndings mimicking esophageal varix, 
and diaphragmatic hernia (5,10,18,19). Unlike those 
associated with neurofi bromatosis, they commonly af-
fect late-middle-aged women and are located in the mid-
esophagus (5–10). Most solitary neurofi bromas are 
treated with resection of the lesion; some of the cases 
of neurofi bromatosis were treated with esophagectomy 
and colonic interposition (11,13) .

 Pathology 

 Grossly neurofi bromas of the esophagus are like their 
counterparts in other organs, presenting as a tan to gray 
mass, unencapsulated, located in the submucosa. Rarely 
it presents as an intraluminal polypoid mass (Figure 38.1) 
(6). The typical neurofi broma is a fusiform mass that ir-
regularly expands a segment of peripheral nerve. Plexi-
form neurofi bromas, as their name implies, are complex 

 N
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of neurofi bromatosis, the tumors are more cellular than 
those occurring as solitary masses. 

 The neurofi bromas are immunoreactive for vimen-
tin and S-100 protein. Unlike the schwannoma, immu-
nohistochemic staining for epithelial membrane antigen 
(Muc 1) is negative. Staining for neurofi lament protein 
reveals nerve fi bers embedded in the tumor mass. 

 SCHWANNOMAS 

 Clinical Aspects 

 Schwannomas are rarely found in the esophagus; they 
occur more commonly in the stomach (20,21). They are 
not associated with neurofi bromatosis (22,23). Murase 
reviewed 18 cases, found mainly in women (F:M = 13:5) 
(24), with a peak occurrence in the sixth decade of life 
(25,26). A majority of patients presented with dyspha-
gia. One tumor presented as a polyp (26). Tumor size 
ranged from < 0.5 to 14 cm (average 6.4 cm). Ten of the 
tumors were located in the upper esophagus. Eleven pa-
tients were treated with enucleation and the remainder 
with local resection of their tumors. 

 Pathology 

 In the esophagus, schwannomas are circumscribed but 
lack a true capsule that is present in most soft tissue 
schwannomas. Schwannomas most commonly involve 
the muscularis propria and the submucosa. There may 
be ulceration of the overlying mucosa or formation of 
an intraluminal polyp. As in other sites, esophageal 

FIGURE 38.1

Gross picture of neurofibromas appearing as a polypoid 
mass covered by mucosa.

FIGURE 38.2

Medium-sized view of plexiform neurofibromas, showing 
discrete, irregular-sized nodules (H&E x 200).

FIGURE 38.3

Medium-sized view of a different field from Figure 38.2 of 
plexiform neurofibroma (H&E x 200).

anastamosing bundles of irregular fi bers and nodules 
(Figures 38.2 and 38.3). Patients with neurofi bromato-
sis may have tumors that show extensive infi ltration into 
adjacent structures. 

 Microscopically, a neurofi broma consists of inter-
lacing bundles of spindle cells with twisted “fi sh-like” 
hyperchromatic nuclei. These cells are separated by bun-
dles of dense collagen fi bers and myxoid ground sub-
stance. The plexiform neurofi broma differs from typical 
neurofi bromas in that it consists of a torturous mass of 
nerve branches. It also is embedded in myxoid matrix 
material found in typical neurofi bromas. In the setting 



 38 • BENIGN: NEUROFIBROMA 313

schwannomas are composed of spindle cells with buck-
led or wavy nuclei. Within a tumor, cellularity often 
varies; areas may be paucicellular with prominent myx-
oid or fi brous components while others may be highly 

cellular with pallisaded nuclei, fasciles whorls and pig-
mentation (27).   Verocay bodies, although present, may 
be inconspicuous (Figure 38.4). Mitotic activity is low 
but scattered cells with atypical nuclei may be present. 
These are more prominent in tumors showing hyaliniza-
tion, vessel hyalinization, and xanthomatous changes 
or so-called ancient schwannoma. Electron microscopic 
examination shows well-developed external lamina, 
separating these tumors from gastrointestinal stromal 
tumors (25). Immunohistochemically, schwannomas 
are S-100 protein positive and variably CD34 positive. 
Most of the cases are benign.   

 Murase reported 1 case of malignant schwannoma 
with lymph node metastasis (24). Microscopic examina-
tion of the case revealed palisaded spindled cells with 
marked atypia and mitotic fi gures (1 per high power 
fi eld). Immunohistochemic stains for S-100 and neu-
ron-specifi c enolase were positive, and stains for actin, 
CD34, and CD-117 were negative. Iwata reported 
a schwannoma with mitoses and infi ltration of the 
muscular wall (22). Morita reported a patient with a 
schwannoma that invaded surrounding tissue and had 
nuclear atypia (23). All 3 patients were treated with local 
resection of the tumors with repair of the esophagus. 

FIGURE 38.4

High power view of Verocay bodies, characteristic of 
schwannomas (H&E x 200).
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  39   Benign: Leiomyoma 

 Kemp H. Kernstine 
 Lawrence M. Weiss 

eiomyomas of the esophagus are 
benign tumors that histologically 
appear to be of smooth muscle ori-
gin. They are uncommon, account-
ing for between 0.5% and 0.8% of 

all esophageal neoplasms, with esophageal cancer being 
50 times more common. It is the most common benign 
tumor of the esophagus, accounting for nearly 60% to 
70% of all benign esophageal tumors, the remaining 
being cysts in 20% and polyps in 5%. At autopsy, the 
true prevalence is dependent upon the precision of the 
prosector, reported to be as high as 5% (1,2). In one 
autopsy series, 60% of the lesions found were less than 
2 mm in diameter (3). In 95% of clinical cases, a single 
leiomyoma is present. In adults, the male to female ratio 
is 2.5:1. When leiomyomas present in childhood, females 
are more common than males. In over 95%, the tumors 
originate from the inner circular muscle of the muscu-
laris propria, and the remainder occurs in the muscula-
ris mucosa. In 80%, the growth pattern is intramural 
(4). In 13%, the leiomyoma will partially or very nearly 
completely encircle the esophagus. In less than 10%, the 
mass will have either an intraluminal or extraluminal 
growth pattern. In the symptomatic or incidentally dis-
covered cases, 90% are found in the distal two-thirds of 
the esophagus, where the esophageal muscle is composed 
of smooth muscle rather than skeletal muscle found in 
the proximal third of the esophagus. A very rare form 

of familial-associated esophageal leiomyoma is leiomyo-
matosis (5), in which there are a number of leiomyomata 
along the entire length of the esophagus and stomach. 
The syndrome occurs in females, along with hypertro-
phy of the vulva and clitoris and leiomyomata of the 
uterus and air passages. Affected patients also have con-
genital nephritis and hematuria and, in some cases, there 
are associated cataracts and deafness. 

 Leiomyomas are of mesenchymal origin. At one 
time leiomyomata were felt to be a subset of gastrointes-
tinal stromal tumors (GISTs) of the gastrointestinal tract, 
but more recently they have been found to be distinct 
from GISTs by electron microscopy, immunohistochem-
istry, and genetic expression (6). In the esophagus, leio-
myomas are far more common than GISTs, but in the 
stomach and small intestine, GISTs are far more common 
than leiomyomas. Clinically, leiomyomas are from 2 to 
6 cm in diameter and of those resected the mean diameter 
is between 4 to 5 cm. They can be as large as 1 kg (7,8). 
They rarely calcify, although there is one case presenta-
tion of an esophageal leiomyoma presenting as mediasti-
nal calcifi cation on chest radiograph (9) and in one series, 
calcifi cation was found as high as 6% on pathological 
examination (10). They are fi rm, round to oval to lobu-
lated, gray to yellowish-appearing, encapsulated masses 
that are relatively avascular and surrounded by stretched 
and somewhat attenuated normal esophageal smooth 
muscle. Histologically, they appear to be spindle-shaped 
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interlacing bundles of smooth muscle cells with elongated 
nuclei, lacking pleomorphism (Figure 39.1). Previously, 
potential malignant degeneration was felt to be an indi-
cation for resection of esophageal leiomyomas, but we 
now know that malignant degeneration is an exceedingly 
rare event, only in case reports; a malignant degenera-
tion rate of 0.2% of all leiomyomas has been reported 
(11,12). Features suggestive of malignancy include intra-
tumoral hemorrhage or cystic degeneration, histologic 
pleomorphism and a mitotic rate of more than 5/50 high 
power fi elds (13). For treatment planning, leiomyoma 
must be differentiated from GIST. Immunohistochemic 
studies are usually necessary to differentiate leiomyoma 
from GIST tumors. Leiomyomas, being of smooth mus-
cle origin, express the desmin and/or smooth-muscle 
actin (Figure 39.2), but do not express CD34 or CD 117 
(c-kit). In contrast, GISTs do not express desmin and/or 
actin but do express CD34 or CD117.       

 Clinically, over 90% of patients present between 
20 and 60 years of age. However, there have been 
cases reported in patients as young as 12. Most pa-
tients are found incidentally on barium swallow or 
endoscopy for indications other than a symptomatic 
esophageal mass. Nearly 50% have symptoms that in-
clude dysphagia in 50%, retrosternal pain, heartburn, 
cough, food sticking, odynophagia, weight loss, and 
bleeding period (14). In most patients, symptoms have 
been present for nearly 1 year by the time a diagnosis 
is made and in nearly 25%, the symptoms have been 
present for more than 5 years (4). In most reports, 
symptoms are completely resolved after resection, but 
the retrosternal pain may persist for a signifi cant pe-
riod of time (15). Unlike leiomyomas of the stomach 
or intestine, bleeding in esophageal leiomyomas is very 

rare. When it occurs, other causes of bleeding should 
be pursued. The most common concomitant defect is 
a hiatal hernia occurring in 4.5% to 23% (16,17) and 
as a result, the patients may have refl ux esophagitis, 
which can be the source of bleeding. Symptoms can 
occur in tumors that are smaller than 5 cm. Lesions 
as small as 0.8 cm were found to be symptomatic in a 
large series reported from the Massachusetts General 
Hospital with a mean tumor diameter of 5.3 cm.   They 
concluded that there is no correlation between symp-
toms and size or location of the leiomyoma. There 
is a case report of pulmonary osteoarthropathy of 6 
months’ duration being associated with an esophageal 
leiomyoma that completely resolved after resection 
(18). Even relatively small leiomyomas in a specifi c lo-
cation along the course of the esophagus may cause 
debilitating dysphagia or pain. 

 The diagnostic evaluation should not only pro-
vide information about the esophageal leiomyoma, but 
also coexistent abnormalities, the physiology, possible 
confi rmation of the diagnosis and a means to develop 
an operative plan. A barium swallow will demonstrate 
the smooth, crescent-shaped, concave defect into the 
lumen of the esophagus that moves with swallowing. 
It allows for the assessment of coexistent hiatal hernia, 
diverticula, and refl ux (Figure 39.3). In most cases, en-
doscopy demonstrates a smooth, round, raised/protrud-
ing fi rm mass with movable mucosa. Ulceration is rare. 
Chest computed tomography provides the size of the 
lesion, location along the length of the esophagus, rela-
tionship to other mediastinal structures, right-sidedness 
or left-sidedness, additional associated defects, and op-
erative planning information (Figure 39.4). Endoscopic 

 FIGURE 39.1 

Hematoxylin and eosin stain of an esophageal leiomyoma.

 FIGURE 39.2 

Smooth muscle actin immunostain of an esophageal 
leiomyoma.
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disease. In patients with a signifi cant history or fi ndings 
consistent with refl ux or esophageal dysfunction, a pH 
study and/or esophageal manometry may be indicated. 
A small asymptomatic leiomyoma with a low probability 
for malignancy may be observed, and EUS may regularly 
be performed at a 1- to 2-year interval. 

 In 1932, Sauerbruch reported performing an esoph-
agogastrectomy to resect a benign esophageal tumor 
(22). Later that year, Ohsawa reported the fi rst enucle-
ation for an esophageal leiomyoma (23). Today, fewer 
than 10% of leiomyomas require surgical resection, the 
indications being symptomatic, lesions larger than 3 to 
5 cm, increasing size on surveillance, and high suspi-
cion for malignancy. Historically, the mortality has been 
reported to be as high as nearly 2%, but today most 
reports claim 0% mortality and almost no morbidity. 
Techniques have evolved to minimize encumbrance and 
risk. For patients with a leiomyoma smaller than 2 cm 
that is intraluminally polypoid, usually arising for the 
muscularis mucosa, excision can be performed by en-
doscopic removal using a snare and suction cylinder 
technique (24). For high-risk surgical patients, ethanol 
injection and debridement can be performed with low 
risk to reduce the likelihood for recurrence (25). 

 The standard surgical technique is performed by 
thoracotomy for lesions that are more than 4 to 5 cm 
above the gastroesophageal junction and by laparotomy 
for those within the area of the gastroesophageal junc-
tion. Upper and middle third tumors are approached by 
right thoracotomy. Middle third tumors associated with 
a hiatal hernia or lower third tumors are approached 
via a left thoracotomy. Today, placing an esophageal en-
doscope may assist in localizing the tumor and provid-
ing a means of assessing the integrity of the remaining 
surgically treated esophageal mucosa after resection. 
Once the esophageal mass is identifi ed, the pleura and 
the adjacent mediastinal tissue are incised and dissected 

 FIGURE 39.3 

 Air-Contrast Barium Contrast Swallowing Study demon-
strates the location of the esophageal mass and assesses 
motility and anatomy. Up to 25% of leiomyoma patients will 
have a coexistent hiatal hernia. 

 FIGURE 39.4  

 A contrast-enhanced computed tomogram provides further 
information necessary for mass evaluation and operative 
planning. 

ultrasound (EUS) classically demonstrates that the mass 
arises from the fourth wall layer or the muscularis pro-
pria and is homogeneous, hypoechoic with sharp mar-
gins (19). Rarely, it can arise from the second wall layer 
or the muscularis mucosa. Although it is not specifi c for 
the diagnosis of malignancy rather than leiomyoma, the 
EUS fi ndings in malignant esophageal wall mass include 
nodular shape, heterogeneity, ulceration depth greater 
than 0.5 mm, lesion size larger than 3 cm and associ-
ated suspicious lymphadenopathy (20). Fine-needle aspi-
ration (FNA) and EUS-FNA does not provide suffi cient 
accuracy to confi rm the absence of malignancy (21). The 
differential diagnosis of esophageal wall masses includes: 
esophageal cancer, GIST, leiomyosarcoma, leiomyoblas-
toma, angioma, fi broma, angiokeratoma, lipoma, ham-
artoma, neurofi broma, schwannoma, granular cell tumor 
lymphangioma, intramural cysts such as duplication 
cysts, polypoid lesions that include squamous papilloma 
or fi brovascular polyps, and extrinsic compression or 
displacement from mediastinal abnormalities such as me-
diastinal tumors, lymphadenopathy, cysts, or aneurysms. 
For lesions larger than 3 to 5 cm or when the suspicion 
for malignancy warrants further investigation, a fl uorode-
oxyglucose-positron emission tomogram may offer some 
advantages in determining the potential for malignancy 
and the presence of a coexisting malignancy or metastatic 
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away from the longitudinal muscle. The azygous vein 
may need to be divided to gain exposure and/or allow 
for the esophagus to be rotated to achieve direct access 
to the tumor. Then, the longitudinal muscle is incised 
over the mass. A traction suture may be placed into the 
tumor to allow for retraction away from the mucosa. 
Both sharp and blunt dissection is used to separate the 
tumor from the adjacent muscle fi bers. Electrocautery 
should be avoided to reduce the likelihood for mucosal 
injury. If a small perforation occurs, it may be primarily 
repaired, reapproximating the muscular layer over it. 
For larger defects, a pedicled intercostal muscle, thymic 
or omental fl ap may be used in the esophageal repair. 
For extensive tumors such as the “horseshoe” leiomyo-
mas, the leiomyoma may need to be divided to facilitate 
removal. Once the mass is removed, the mucosa is ex-
amined for any defects by insuffl ating esophageal lumen 
with air after the defect is submerged beneath surgical 
irrigant. Closure of the muscular defect is controversial. 
Some feel that it may prevent mucosal herniation and 
improve the post-resection esophageal muscular propul-
sive function. For lesions resected at the gastroesopha-
geal junction, dysfunction of the lower esophageal 
sphincter should be anticipated, and it is recommended 
that an anti-refl ux procedure be performed. For large 
lesions, a segment of the esophagus may need to be 
resected and replaced with a segment of isoperistaltic 
colon or small bowel. In the rare cases in which lesions 
are larger than 8 cm, have an annular growth pattern, 
have signifi cant adherence to the adjacent muscular 
wall, or in cases in which there is a large mucosal defect/
tear after leiomyoma excision, an esophagectomy may 
be necessary. A vagal-sparing esophagectomy may offer 
fewer postoperative symptoms (26). Large lesions up 
to 8 to 10 centimeters have been resected without any 
esophageal dysfunction (27). In routine cases, a drain 
is left adjacent to the resection site until a swallowing 
study is performed on the fi rst or second postoperative 
day. Many do not routinely use nasogastric tube decom-
pression. Most surgeons advance the diet slowly, leav-
ing patients on a soft or liquid diet for the fi rst several 
postoperative days. Mucosal tear is reported to occur 
in 8%, but the rate increases to 40% to 50% if prior 
endoscopic biopsy has been performed. Other poten-
tial complications include: diverticula, fi stulas, refl ux, 
esophagitis, ulceration, and stenosis. Recurrence is rare 
(4). Approximately 90% of patients are symptom-free 
at 5 years (28). If a GIST is found on fi nal pathology, 
a chest and liver computed tomogram with a liver ul-
trasound should be performed. Esophageal GISTs have 
been resected with long-term follow-up without evi-
dence of recurrence (29). Unless there is other disease 
or residual margin, the use of adjuvant chemotherapy 
or targeted therapy, such as imatinib, is controversial. 

 In the last 15 years, minimally invasive surgery has 
evolved as it produces less discomfort and allows for 
earlier return to preoperative function (17, 30–35). Op-
erating time for thoracotomy and the minimally invasive 
approach appears to be similar, approximately 95 min-
utes to 150 minutes (34,38). However, the minimally in-
vasive approach has less pain, less analgesic requirement 
and a shorter hospital stay, 7 days versus 10 days for the 
open thoracotomy. Most have preoperative symptom 
resolution in the fi rst few days to weeks (although it may 
take up to 2 years to resolve) and no mortality and mini-
mal morbidity (34). For lesions within 4 to 5 cm of the 
lower esophageal sphincter, the laparoscopic approach 
appears preferable to the thoracoscopic approach for 
visibility, simplicity, and recovery. There may be more 
discomfort with the transthoracic approach due to the 
torque on the instrumentation (37). Iatrogenic perfora-
tions that occur intraoperatively can be safely treated 
by intracorporeal suture placement. Esophagectomy 
may be necessary for severe perforations with minimal 
risk of mortality (34). Pedicled-vascular fl aps of inter-
costal muscle-parietal pleura, thymus-pericardial fat, or 
omentum may be used to reinforce the repair and pro-
vide supplemental blood supply. Techniques to reduce 
the likelihood or mucosal damage include the placement 
of an illuminating endoscope or an endoscopic balloon 
to assist in pushing the lesion out and away from the 
lumen (32). The hand-assisted laparoscopic technique is 
thought to reduce the operative time for laparoscopic 
resection, but there is no prospective trial to confi rm this 
supposition (38). The largest series of minimally inva-
sive resected benign esophageal lesions to date describes 
the placement of ports and the approach used (39). No 
nasogastric tube was placed routinely. Five patients re-
quired subsequent reoperation for refl ux. Two patients 
had mucosal injuries, both of them having had prior 
needle biopsy of the total of 5 patients that had prior 
biopsies. There have been 4 reported cases of leiomyoma 
excision from the esophagus using computer-assisted 
technology or robotics (40,41). The 3-dimensional view 
and multiple arcs of rotation may reduce the likelihood 
for mucosal perforation. As technologies advance, resec-
tion of esophageal leiomyomas will become simpler and 
safer. 

 In summary, the leiomyoma of the esophagus is 
relatively rare. It is a distinct pathologic entity, which 
is unlikely to degenerate into malignancy. Resection 
should be reserved for thoroughly evaluated patients 
with symptoms or those in whom malignancy cannot be 
ruled out—usually lesions larger than 3 cm. Typically, 
surgical resection can be performed by a minimally in-
vasive approach with minimal morbidity and mortality. 
The long-term outlook for enucleation of esophageal 
leiomyoma is good to excellent. 



 39 • BENIGN: LEIOMYOMA 319

 References 
  1. Takubo K, Nakagawa H, Tsuchiya S, et al. Seedling leiomyoma of the esophagus and 

esophagogastric junction zone.  Hum Pathol . 1981:12(11):1006–1010. 
  2. Seremetis MG, et al. leiomyomata of the esophagus. An analysis of 838 cases.  Cancer . 

1976;38:2166–2177. 
  3. Postelthwait R, Musser H. Changes in the esophagus in 1000 autopsy specimens.  J Tho-

rac Cardiovasc Surg . 1974;68:953. 
  4. Hatch GF III, Wertheimer-Hatch L, Hatch KF, et al. Tumors of the esophagus.  World J 

Surg . 2000;24:401–411. 
  5. Guarner V, Torres R. Diffuse leiomyomatosis of the esophagus; tracheobronchial, geni-

tal and renal insuffi ciency. In: DeMeester TR, Skinner DB, eds.  Esophageal Disorders: 
Pathophysiology and Therapy . New York: Raven Press; 1985:447. 

  6. Miettinen M, Sarlomo-Rikala M, Sobin LH, et al. Gastrointestinal stromal tumors: a 
clinicopathologic, immunohistochemical, and molecular genetic study of 17 cases and 
comparison with esophageal leiomyomas and leiomyosarcomas.  Am J Surg Pathol . 
2000;24:211–222. 

  7. Kramer MD, Gibb P., Ellis FH. Giant leiomyoma of the esophagus.  J Surg Oncol . 
1986;33:166–169. 

  8. Tsuzuki T., Kakegawa T, Arimori M, et al. Giant leiomyoma of the esophagus and 
cardia weighing more than 1,000 gms.  Chest . 1971;60:396–399. 

  9. Gutman E.. Posterior mediastinal calcifi cation to esophageal leiomyoma.  Gastroenter-
ology . 1972;63(4):665-666. 

  10. Mutrie CJ, Donahue DM, Wain JC, et al. Esophageal leiomyoma: a 40-year experience. 
 Ann Thorac Surg . 2005;79:1122–1125. 

  11. Gray S, Skondalakis J, Shepard D. Smooth muscle tumors of the esophagus.  Int Abstr 
Surg . 1961;113:205. 

  12. Arnorsson T, Aberg C, Aberg T. Benign tumours of the oesophagus and oesophageal 
cysts.  Scand J Thorac Surg . 1984;18:145–150. 

  13. Sugar I, Forgacs B, Istvan G, et al. Gastrointestinal stromal tumors (GIST).  Hepatogas-
troenterology . 2005;52:409–413. 

  14. Solomon MP, Rosenblum H., Rosato FE. Leiomyoma of the esophagus.  Ann Surg . 
1984;80:246–248. 

  15. Skinner DB, Belsey RHR. Benign tumors of the esophagus. In: [Skinner DB, Belsey RHR] 
 Management of Esophageal Disease.  Philadelphia: W.B. Saunders Co.; 1988:717–727. 

  16. Shaffer HA Jr. Multiple leiomyomas of the esophagus.  Radiology . 1976;118:29–34. 
  17. Bonavina L, Segalin A, Rosati R, et al. Surgical therapy of esophageal leiomyoma.  J Am 

Coll Surg . 1995;181:257–262.   
  18. Ullal S. Hypertrophic osteoarthropathy and leiomyoma of the esophagus.  Am J Surg . 

1972;123:356. 
  19. Massari M, De Simone M, Cioffi  U, et al. Endoscopic ultrasonography in the evalua-

tion of leiomyoma and extramucosal cysts of the esophagus.  Hepatogastroenterology . 
1998;45:938–943. 

  20. Yasuda K, Nakajima M, Kawai K. Endoscopic ultrasonographic imaging of submu-
cosal lesions of the upper gastrointestinal tract.  Gastrointest Endosc Clin North Am . 
1992;2:318. 

  21. Rice TW. Benign esophageal tumors: esophagoscopy and endoscopic esophageal ultra-
sound.  Semin Thorac Cardiovasc Surg . 2003;15:20–26. 

  22. Sauerbruch F. Presentations in the fi eld of thoracic surgery.  Arch Klin Chir . 
1932;173:457.   

  23. Ohsawa T. Surgery of the esophagus.  Arch Jpn Chir . 1933;10:605  . 
  24. Kajiyama T, Sakai M, Torii A, et al. Endoscopic aspiration lumpectomy of esoph-

ageal leiomyomas derived from the muscularis mucosae.  Am J Gastroenterol . 
1995;90:417–422. 

  25. Eda Y, Asaki S, Yamagata L, et al. Endoscopic treatment for submucosal tumors of the 
esophagus: studies in 25 patients.  Gastroenterol Jpn . 1990;25:411–416. 

  26. Banki F, Mason RJ, DeMeester SR, et al. Vagal-sparing esophagectomy: a more physi-
ologic alternative.  Ann Surg . 2002;236:324–335. 

  27. Aures P, Grazia M, Petrella F, et al. Giant leiomyoma of the esophagus.  Eur J Cardio-
thorac Surg . 2002;22:1008–1010. 

  28. Preda F, Alloisio M, Lequaglie C, et al. Leiomyoma of the esophagus.  Tumori . 
1986;72:503–506. 

  29. Palanivelu C, Rangarajan M, Senthilkumar R, et al. Thoracoscopic manage-
ment of benign tumors of the mid-esophagus: a retrospective study.  Int J Surg . 
2007;5:328–333. 

  30. Bardini R, Segalin A, Ruol A, et al. Videothoracoscopic enucleation of esophageal 
leiomyoma.  Ann Thorac Surg . 1992;54:576–577. 

  31. Everitt NJ, Glinatsis M, McMahon MJ. Thoracoscopic enucleation of leiomyoma of 
the oesophagus.  Br J Surg . 1992;79(7):643  . 

  32. Izumi Y, Inoue H, Endo M. Combined endoluminal-intracavitary thoracoscopic enucle-
ation of leiomyoma of the esophagus: a new method.  Surg Endosc . 1996;10:457–458. 

  33. Roviaro GC, Maciocco M, Varoli F, et al. Videothoracoscopic treatment of oesopha-
geal leiomyoma.  Thorax . 1998;53:190–192. 

  34. Zaninotto G, Portale G, Costantini M, et al. Minimally invasive enucleation of esopha-
geal leiomyoma.  Surg Endosc . 2006;20:1904–1908.   

  35. Coral RP, Madke G, Westphalen A, et al. Thoracoscopic enucleation of a leiomyoma 
of the upper thoracic esophagus.  Dis Esophagus . 2003;16:339–341. 

  36. Von Rahden BH, Stein HJ, Feussner H, et al. Enucleation of submucosal tu-
mors of the esophagus: minimally invasive versus open approach.  Surg Endosc . 
2004;18:924–930. 

  37. Hutter J, Miller K, Moritz E. Chronic sequels after thoracoscopic procedures for be-
nign diseases.  Eur J Cardiothorac Surg . 2000;17:687–690. 

  38. Redan JA, Gardner JC, Tylutki FJ. Hand-assisted laparoscopy for the removal of 
esophageal leiomyoma.  JSLS . 2001;5:167–169. 

  39. Kent M, d’Amato T, Nordman C, et al. Minimally invasive resection of benign esopha-
geal tumors.  J Thorac Cardiovasc Surg . 2007;134:176–181. 

  40. Galvani C, Horgan S. Robots in general surgery: present and future.  Cir Esp . 
2005;78:138–147. 

  41. Augustin F, Schmid T, Bodner J. The robotic approach for mediastinal lesions.  Int J 
Med Robot . 2006;2:262–270.           





321

  40   Benign: Hamartoma 

 Kemp H. Kernstine 
 Lawrence M. Weiss 

amartoma of the esophagus ac-
counts for 6% of all polyps, a rare 
entity (1,2). Most polyps occur in 
the upper esophagus and hypo-
pharynx. In a Mayo Clinic series, 

there are 2 esophageal polyps found in 7,459 autopsies 
(3). Patients with polyps present with dysphagia and 
mass regurgitation. The masses may obtain gigantic 
size and can become exceedingly elongated. The male 
to female ratio is 2.2:1. The average age of diagnosis is 
54 years, but ranges from 19 months to 88 years. 

 These polyps are the result of hamartomatous 
growth of mature normal cells and may contain ele-
ments of cartilage, bone marrow, bone, adipose tissue, 
fi brous tissue, skeletal muscle, or smooth muscle (4) 
(Figure 40.1). The mucosa over the polyp is usually in-
tact, rarely being ulcerated. They are usually larger than 
1 cm in diameter, but can be as largest 20 cm.  Seventy-
six percent are attached at the upper esophageal sphinc-
ter, with 3% in the middle esophagus and 6% in the 
distal esophagus (5). Sixteen percent originate in the 
hypopharynx and are more commonly found on the left 
lateral wall. The length of the average polyp is 13.3 cm 
and ranges in size from 5 cm to 28 cm and in width 
from 2.6 cm to 4.8 cm. Vascular compromise and resul-
tant congestion, edema, necrosis, and ulceration may 
occur in 16%.   

 Patients may present with obstructive symptoms, 
rarely hematemesis. They can regurgitate the polyp 
into the mouth and out of the mouth in some cases, 
38% of the time in subjects (Figure 40.2). Dysphagia 
is the most common symptom, occurring in approxi-
mately 62%. The average duration of symptoms prior 
to seeking medical attention is 3.7 years. Other symp-
toms include “lump in the throat,” weight loss aver-
aging 18 pounds, food regurgitation, non-exertional 
chest pain, odynophagia, vomiting, abdominal pain, 
melena, sore throat, and persistent cough. Aspiration 
into the larynx and resultant asphyxiation has also 
been reported.   

 Polyp regurgitation is pathognomonic of a polyp. 
Most clinicians attempt clinical confi rmation and assess 
the polyp anatomically for treatment planning. Barium 
swallow and upper gastrointestinal endoscopy have a 
sensitivity of 78% to 67%, respectively. The sensitivity is 
improved by repeat contrast swallow and/or endoscopic 
examination. Computed tomography, endoscopic ultra-
sound, and magnetic resonance imaging of may provide 
supplemental information. In particular, the endoscopic 
ultrasound may be useful in identifying large feeding 
vessels. 

 Given the potential of asphyxiation, surgical resec-
tion is advised in all cases. Endoscopic excision may be 
performed in small lesions. Ligation and laser resection 

 H
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has been used both laryngoscopically and endoscopi-
cally. For large lesions, surgical resection is advised. For 
particularly large polyps, open esophagotomy by either 
cervical or transthoracic route with a combined laparo-
scopic/laparotomy to perform the transgastric resection 
of the bulk of the mass is advised (6).   

FIGURE 40.1

Hematoxylin and eosin stain of a hamartoma demonstrating 
elements of cartilage, bone, and bone marrow.

FIGURE 40.2

Fibrovascular polyp regurgitated from the mouth (7). 
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  41    Benign: Congenital—
Duplication Cysts 

 Piero Marco Fisichella 
 Marco G. Patti 

sophageal duplications are devel-
opmental malformations that arise 
from disturbances in the normal 
embryonic development of the ali-
mentary tract (1). In the normal 

individual, the upper gastrointestinal tract embryologi-
cally develops from the posterior division of the primi-
tive foregut. During the fourth week of gestation, the 
primitive foregut develops an anterior diverticulum, 
which becomes the respiratory bud. Meanwhile, the pos-
terior division develops into the esophagus and upper 
gastrointestinal tract (1). In patients with esophageal 
duplications, a disturbance from this normal embry-
onic development of the alimentary tract occurs during 
organogenesis. However, the causative factor has not 
been identifi ed and many theories have been proposed 
to clarify the etiology of these malformations. Lewis 
and Thyng hypothesized the persistence of embryonic 
diverticula during the development of the alimentary 
tract (2); Bremer suggested a possible abnormal lumi-
nal recanalization at 5–8 weeks’ gestation (1); Mellish 
and Koop hypothesized the occurrence of hypoxia and 
trauma during the early fetal development (3); Bentley 
suggested that excessive traction to the endoderm from 
the developing notochord would result in abnormal 
vacuolization of the alimentary tract (4). This theory is 
the only one that would explain the association of the 
esophageal duplication with vertebral defects. 

 Esophageal duplications may occur as a separate 
tubular structure alongside the esophagus or present as 
a cyst in continuity to the esophagus. In rare instances, 
duplication cysts have been found within the wall of the 
esophagus. Most esophageal duplications do not com-
municate with the esophageal lumen (5). 

 The architecture of the esophageal duplications is 
typical as it replicates somewhat the double smooth mus-
cle layer structure of the esophageal wall. The diagnostic 
features of these malformations are well recognized by 
the pathologist. The pathologic diagnosis requires the 
presence of the cyst adjacent to the esophagus, covered 
by 2 layers of muscularis propria, and lined by squa-
mous columnar, cuboidal, pseudostratifi ed, ciliated epi-
thelium, and gastric mucosa, similar to that present in 
the alimentary tract (6). 

 Esophageal duplications are rare and the true inci-
dence is unknown, as fewer than 100 cases of esophageal 
duplication cysts have been reported. They account only 
for 3% of the mediastinal masses (7) and are the second 
most common duplication of the alimentary tract, after 
jejuno-ileal duplications (8). 

 Up to 80% of esophageal duplications are diagnosed 
during childhood and most adults with esophageal cysts 
are asymptomatic (6). Symptoms are caused by compres-
sion of surrounding structures and by the size and location 
of the duplication. Two-thirds of the esophageal duplica-
tions are located in the distal esophagus, and dysphagia 

 E
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from esophageal compression by the cyst is the most com-
mon symptom (9,10). When the duplication is located 
higher in the esophagus, dyspnea, shortness of breath, or 
stridor from compression of the tracheobronchial tree can 
also be present (11). Cardiac arrhythmias from retrocar-
diac esophageal duplication cysts have been reported (5). 
Hematemesis can occur if heterotopic gastric mucosa is 
present inside the cyst. Although rare, malignant degen-
eration of both esophageal and gastric duplications can 
occur, and few cases of carcinoids, neuroendocrine tu-
mors, and adenocarcinomas arising from the duplication 
or invading the stomach have been reported (12,13). 

 The diagnosis of esophageal duplications can be 
diffi cult. An esophagogram, CT scan, MRI, and endo-
scopic ultrasound usually confi rm the diagnosis (14). 
A chest radiograph may reveal a mediastinal mass; an 
esophagogram will show a narrowing of the esopha-
geal lumen; an upper endoscopy will show extrinsic 
compression of an intact mucosa (Figures 41.1 and 
41.2). A biopsy of the lesion should not be performed, 
because the adhesion of the cyst wall to the esophagus 
caused by the biopsy can complicate the subsequent 
resection of the cyst (15). The CT scan identifi es and 
localizes the cyst in contiguity to the esophagus or the 
stomach. The radiologic characteristics of esophageal 
and gastric duplications cysts found on CT scan are 
well documented (16). The CT density can vary from 

typical water density to densities characteristic of soft 
tissue or muscle, thus making it sometimes diffi cult to 
distinguish these lesions from solid tumors (Figures 41.1 
and 41.2); MRI has been used as a more sensitive 
imaging tool to delineate the anatomy of the cyst in 
relation to surrounding structures and distinguish be-
tween a cystic lesion and a solid tumor based on its 
different appearance on T1- and T2-weighted images 
(17). Trans-esophageal endoscopic ultrasonography 
can clearly distinguish a cyst from a submucosal tumor 
such as a leiomyoma. The diagnosis of esophageal 
duplication cysts with endoscopic ultrasonography is 
based on the following features: presence of an air–
fl uid interface and the demonstration of echo density 
of fl uid within the lesion (Figures 41.1 and 41.2) (18). 

FIGURE 41.1

Abdominal computerized tomography (A), endoscopic ul-
trasound (B), and esophagogram (C). ED: esophageal dupli-
cation. From Herbella FA, Tedesco P, Muthusamy R, et al. 
Thoracoscopic resection of esophageal duplication cysts. Dis 
Esophagus. 2006;19:132–134. Reprinted with permission 
from Blackwell Publishing.

FIGURE 41.2

Abdominal computerized tomography (A) and endoscopic 
ultrasound (B). ED: esophageal duplication. Ao: Aorta. From 
Herbella FA, Tedesco P, Muthusamy R, et al. Thoracoscopic 
resection of esophageal duplication cysts. Dis Esophagus. 
2006;19:132–134. Reprinted with permission from Blackwell 
Publishing.
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The demonstration of continuity between the muscula-
ris propria of the cyst and the muscularis propria of the 
esophagus is a specifi c sign that can lead to accurate 
diagnosis. This procedure is able to delineate the extent 
of the cyst, the layer composition of the cyst, and its 
relationships with the intrathoracic structures (19).   

 All duplications should be surgically resected. Even 
though duplication cysts are often asymptomatic at the 
time of diagnosis, surgical excision is advised because de-
fi nitive diagnosis is better done on the surgical specimen 
and because most patients with esophageal duplication 
will eventually become symptomatic or develop compli-
cations such as infection and rupture and hemorrhage 
or perforation secondary to the presence of heterotopic 
gastric mucosa (15). 

 Traditionally, the resection of the esophageal du-
plications is accomplished via a posterolateral thora-
cotomy. Today, however, a left thoracoscopic approach 
is the preferred modality of treatment. It allows great 

visualization for resection, and it is associated with a 
shorter hospital stay, minimal postoperative discomfort, 
and fast recovery. Laparoscopic and thoracoscopic re-
section of esophageal duplications have been reported 
with excellent results and represent today the surgical 
approach of choice (14,15,20–23). 

 The surgical technique must emphasize evaluation 
of the integrity of the esophageal mucosa after resec-
tion of the cyst, approximation of the muscle edges over 
the area where the cyst was present in order to avoid a 
pseudodiverticulum, and identifi cation of the vagi (15). 
Transillumination through an esophagoscope and decom-
pression of the cyst are useful adjuncts that can be used 
during surgery to verify the integrity of the mucosa after 
the resection and facilitate the removal of the specimen. 
Partial resection can be performed in diffi cult cases in 
which the duplication fi rmly adheres to vital structures. 
Nevertheless, recurrence of foregut duplications has been 
reported after incomplete surgical removal (24).  
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  42    Benign: Congenital—
Bronchogenic Cysts 

 Piero Marco Fisichella 
 Marco G. Patti 

ronchogenic cysts, like esophageal 
duplications, are congenital anom-
alies that arise from disturbances 
in the normal embryonic develop-
ment of the foregut. Because of 

their common etiology, both bronchogenic cysts and 
esophageal duplications are often identifi ed as foregut 
duplication (1). 

 In the normal individual, during the fourth week of 
gestation, the primitive foregut develops an anterior di-
verticulum, which becomes the respiratory bud and then 
the tracheobronchial tree, and a posterior or dorsal di-
verticulum, which grows to become the gastrointestinal 
tract. Bronchogenic cysts result from the abnormal bud-
ding or branching of the ventral primitive foregut while 
esophageal duplications arise from the dorsal primitive 
foregut. Therefore, esophageal duplications and bron-
chogenic cysts are part of the same spectrum of anoma-
lies rather than separate entities, as they share common 
origin and histologic features (1). Histologically, a bron-
chogenic cyst is lined by ciliated mucus-secreting respi-
ratory columnar epithelium and may contain cartilage, 
whereas esophageal duplications are covered by 2 layers 
of muscularis propria and are lined by squamous colum-
nar, cuboidal, pseudostratifi ed, and gastric mucosa. 

 Bronchogenic cysts are the most common cystic 
lesions of the mediastinum. They usually present as a 

single or, less commonly, as multiple lesions of varied 
size that may adhere to the bronchial wall and rarely 
communicate with it. Occasionally they may be lo-
cated remarkably distant from the tracheobronchial 
tree: behind the pharynx (2), into the pericardium 
(3), inside the diaphragm. They can also be found 
outside the chest such as in the gastric fundus, or in 
the retroperitoneal space, where they may present 
as an adrenal mass (4) or a pancreatic cystic tumor 
(5). Because extrathoracic, subdiaphragmatic bron-
chogenic cysts originate from the embryonic foregut 
and migrate to the abdominal cavity before the fusion 
of the pleuroperitoneal membrane, they may be also 
confused with extralobar sequestrations (6). Extralo-
bar sequestrations, however, are characterized by 
the presence of pulmonary parenchyma and pleural 
investment. 

 Bronchogenic cysts are rare and their true inci-
dence is unknown. The natural history of bronchogenic 
cysts is also very variable. Many lesions decrease in size 
before birth, and some are no longer radiologically de-
tectable after birth. In the newborn period, broncho-
genic cysts can produce immediate respiratory distress 
or no symptom at all and may be found incidentally at 
any age (7). 

 Half of the patients are asymptomatic (8). When 
symptoms are present, they are mostly non-specifi c, as 

 B
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breath, and stridor from compression of the tracheo-
bronchial tree (9). 

 Modern imaging techniques such as CT scan, en-
doscopic ultrasound, and magnetic resonance imaging 
(MRI) may help in providing the defi nitive diagnosis. In 
addition, they are useful for evaluating the topographic 
relationship of the mass and for planning the resection 
(10). CT scan is able to correctly diagnose broncho-
genic cysts in 62% to 100% of patients (11) (Fig-
ure 42.1). MRI often improves the diagnostic accuracy 
as it can distinguish between a cystic lesion and a solid 
tumor based on the different appearance of the thick 
viscous content of some cysts on T1- and T2-weighted 
images (11).   

 Once diagnosed, surgical excision of symptomatic 
bronchogenic cysts is indicated to avoid long-term cyst 
related complications, such as infection, bleeding, com-
pression, and rupture (12). Malignant degeneration is a 
rare event. 

 The management of asymptomatic cysts is con-
troversial (13). Observation alone has been proposed 
for small and asymptomatic cysts. However, because 
preoperative differential diagnosis between congeni-
tal or acquired and benign or malignant is often dif-
fi cult, the defi nitive diagnosis is best established on 
the pathologic examination of the surgical specimen. 
Nonetheless, surgical treatment is warranted because 
the majority may ultimately become symptomatic or 
complicated (13). 

 Transbronchial or percutaneous needle aspiration 
of bronchogenic cysts has been suggested as an alterna-
tive to surgery, especially in small asymptomatic cysts. 
However, needle aspiration can potentially infect the 
cyst, and even though cysts may regress after aspiration, 
they usually recur months to years later (13). 

 Today, thoracoscopic resection of bronchogenic 
cysts is the surgical approach of choice (13–16). When 
compared to thoracotomy, thoracoscopy reduces the 
length of hospitalization and it is associated to less post-
operative pain and a faster recovery (13). The rate of 
conversion to thoracotomy ranges from to 8% to 35% 
and it is mainly related to the presence of dense adhe-
sions to the adjacent organs, such as the trachea or the 
esophagus (14,16). In these cases, aspiration of the cyst 
and partial resection, leaving portions of the cyst wall 
behind, can be performed (17). However, recurrence of 
mediastinal duplications has been reported after incom-
plete surgical removal (18,19). 

they are caused by compression of surrounding struc-
tures and by the size and location of the duplication 
along the tracheobronchial tree. The most common 
symptoms are dysphagia from esophageal compression, 
or cough, dyspnea, hemoptysis, infection, shortness of 
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  43    Malignant: Squamous Cell 
Carcinoma and Variants 

 Kenneth M. Gatter 
 Dustin V. Shackleton 

quamous cell carcinoma of the 
esophagus (SCC) was defi ned in 
2000 by the World Health Orga-
nization as “a malignant epithelial 
tumor with squamous cell differen-

tiation, microscopically characterized by keratinocyte-
like cells with intercellular bridges and/or keratinization” 
(1). Its incidence shows signifi cant geographic variability, 
10 times higher in some regions compared with others. 
High-risk areas include portions of China, Japan, Iran, 
southern South America, South Africa, and northwestern 
France. Low-risk areas for SCC include North America, 
where the incidence is about 5.2 per 100,000, and where, 
unlike esophageal adenocarcinoma, the incidence of 
SCC does not appear to be increasing (1). Some Western 
countries have seen an increasing incidence of adenocar-
cinoma, and in some areas greater than 50% of primary 
esophageal malignancies are adenocarcinoma, not SCC. 
In contrast, high-risk regions for SCC see an overwhelm-
ing predominance of SCC and relatively little adenocar-
cinoma of the esophagus. For example, in Japan more 
than 90% of primary esophageal malignancies are SCC 
and there has been no increase in the incidence of adeno-
carcinoma (2). 

 This geographic variability, sometimes within a sin-
gle country, suggests that there are several different eti-
ologies for SCC. Risk factors include tobacco, alcohol, 
nutrition, and burning hot beverages, and these show a 

complex interaction with different etiologies more im-
portant in different regions. Human papilloma virus, or 
HPV, has been implicated in the pathogenesis of SCC 
and remains controversial (3–5). 

Chapter 44   contains more detailed informa-
tion about the etiology and distribution of esophageal 
malignancies.

 INVASIVE SQUAMOUS CELL 
CARCINOMA 

 SCC arises predominantly in the middle and lower third of 
the esophagus. The gross appearance varies. Superfi cially 
invasive cancers often have a plaque-like appearance, 
but may show no signifi cant gross mucosal abnormal-
ity. Verrucous carcinomas are typically  caulifl ower-like. 
Clearly invasive tumors may be ulcerated, fungating, or 
may show a relatively small mucosal defect but infi ltrate 
deeply into the underlying tissue (6). 

 Invasion occurs when neoplastic squamous epi-
thelium breaks through the basement membrane and 
invades into surrounding tissue (Figure 43.1). Typi-
cally, early lesions arise from carcinoma in situ (Figure 
43.2) and show slender projections of atypical squa-
mous cells extending into the lamina propria with foci 
of individual atypical cells or small clusters of atypical 
squamous cells within the lamina propria. As the tumor 

 S
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grows it typically extends vertically into deeper tissue 
and horizontally undermines the adjacent normal squa-
mous mucosa at the tumor’s periphery. Angiolymphatic 
invasion is more likely the deeper the tumor invades, 
and it may be identifi ed some distance away from the 
tumor. This lymphatic spread may rarely result in in-
tramural metastases (1). The amount of stromal reac-
tion, defi ned as desmoplastic response, and the degree 
of infl ammation vary.   

 Conventional SCCs are generally divided into 2 
broad growth patterns: infi ltrative and expansile. The 
infi ltrative pattern is characterized by smaller tongues 
and nests of tumor cells infi ltrating through connective 
tissue, often with a surrounding chronic infl ammatory 
response. The expansile pattern consists of sheets of 
tumor cells advancing through the connective tissue on 
a broad front. 

 On occasion, an SCC will have small foci of glandu-
lar differentiation, forming glands or scattered mucin pro-
ducing cells, which may be confi rmed by special stains such 
as mucicarmine or Alcian blue PAS stains. Notwithstand-
ing these foci of glandular differentiation, the diagnosis 
should remain SCC unless the adenomatous component 
represents a signifi cant portion of the tumor (6). 

 Tumor Grade 

 The histologic grading of esophageal SCC is similar to 
the grading of SCC in other sites and is based on the 
degree of differentiation, mitotic activity, and nuclear 
pleomorphism (1). A well-differentiated tumor is easy 
to recognize as a SCC because the tumor resembles 
squamous epithelium. The cells have moderate to abun-
dant pink cytoplasm and often show clear evidence of 

FIGURE 43.1

Invasive squamous cell carcinoma.

keratin production. Intracellular bridges are visible at 
high magnifi cation. Basal cells are present, but located 
at the periphery of the epithelial tumor nests, and do 
not represent a dominant portion of the tumor. 

 In contrast, poorly differentiated SCCs do not re-
semble normal squamous epithelium. The cells typically 
have less cytoplasm and are predominantly basaloid. 
Poorly differentiated tumors have higher proliferative 
rates and mitotic fi gures are easily spotted. The most 

(A)

FIGURE 43.2

(A) Carcinoma in situ or high-grade dysplasia of esopha-
geal squamous epithelium. Note that the squamous cell 
atypia extends from the basal layer to the surface. (B) Nor-
mal squamous epithelium and normal maturation of squa-
mous cells.

(B)
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common grade of SCC is moderately differentiated 
(Figure 43.1), and these tumors show features between 
well-differentiated and poorly differentiated tumors. For 
example, a moderately differentiated tumor may have 
signifi cant nuclear pleomorphism but clearly shows ker-
atin production and has a moderate mitotic index. 

 Undifferentiated carcinomas lack defi nitive evidence 
of squamous differentiation by conventional microscopy, 
but some may show evidence of squamous differentiation 
by staining with keratins by immunohistochemistry, such 
as CK5, or AE1/AE3, or electron microscopy evidence of 
desmosomes and tonofi laments. The important differen-
tial in these cases is small cell carcinoma, which should 
stain with some neuroendocrine markers like neuron-
specifi c enolase, chromogranin, or synaptophysin. Mela-
noma, too, is often in the differential and should stain 
with either S-100, HMB-45, or Melan-A, as well as lym-
phoma, which should be positive for CD45 or CD43 (7). 

 SUPERFICIAL SQUAMOUS CELL 
CARCINOMA OF THE ESOPHAGUS 

 The term  superfi cial squamous cell carcinoma of the 
esophagus  is defi ned by WHO as invasive SCC that 
has invaded into the mucosa or the submucosa, but no 
deeper, and the term is used regardless of lymph node 
metastasis. These are T1 lesions, according to the TNM 
classifi cation. One team of investigators concluded after 
reviewing a number of articles that about 5% of super-
fi cial SCC that have invaded no deeper than the lamina 
propria show lymph node metastasis (6). Others have 
shown that the risk of modal involvement increases to 
30% to 48% with invasion into the submucosa (8) and 
that patients with submucosal carcinoma have a disap-
pointing 5-year survival rate of 69% (2). 

 The term superfi cial SCC differs from the term 
 early esophageal carcinoma , which has been used in 
China and Japan and refers to SCCs that have invaded 
no deeper than the submucosa but have no lymph node 
metastasis (1). Recently, investigators in Japan dem-
onstrated that superfi cial SCCs that invade the lamina 
propria, but do not extend into the muscularis mucosa, 
have no lymph node metastasis. Patients with tumors 
extending into the muscularis mucosa, but not the sub-
mucosa, showed a 5-year survival of greater than 95%. 
A recent Japanese schema proposes that early carcinoma 
of the esophagus is defi ned as mucosal carcinoma with 
or without lymph node metastasis, with the supporting 
rationale that a malignancy given the designation  early  
should equate with a good prognosis (2). 

 SCCs that have invaded beyond the submucosa into 
the muscularis propria are advanced esophageal carcino-
mas and show a signifi cantly higher rate of lymph node 
metastasis, about 35%. (9,10). 

 VARIANTS OF SQUAMOUS CELL 
CARCINOMA 

 Spindle cell carcinoma, also known as carcinosarcoma, 
pseudosarcomatous squamous cell carcinoma, and pol-
ypoid carcinoma, is a rare but diagnostically challenging 
variant of SCC. The typical gross characteristics refl ect 
one of its names; it is a polypoid tumor with or without 
a stalk and the surrounding squamous mucosa is normal. 
Microscopically, it is biphasic with a spindle cell, or sar-
comatous component, and a carcinomatous component. 
The amount of sarcomatoid spindle cells varies, and 
sometimes the sarcomatous cells form mature islands of 
bone, cartilage, or skeletal muscle. The spindle cells may 
show signifi cant pleomorphism indistinguishable from a 
high-grade sarcoma. This is especially challenging for the 
pathologist when interpreting a biopsy, because one of 
the most important diagnostic features of a spindle cell 
carcinoma is that the properly sampled tumor will show 
some areas of squamous differentiation. Typically, the 
well-sampled tumor will show a gradual transition from 
sarcomatous histology to areas of more differentiated 
SCC. The biopsy, however, represents focal sampling and 
may only show sarcomatous histology, making a defi nite 
diagnosis diffi cult. Immunohistochemistry, however, may 
be useful in confi rming the diagnosis of spindle cell SCC. 
For example, positive staining for p53 has good sensitiv-
ity for poorly differentiated SCCs (11). 

 Basaloid squamous cell carcinoma is a relatively 
rare variant of SCC, which in the esophagus appears in-
distinguishable from basaloid squamous cell carcinoma 
of the upper aerodigestive region. Often accompanied 
by intraepithelial dysplasia and areas of more common 
squamous cell carcinoma, these tumors are composed of 
basal - like cells with hyperchromatic nuclei and moder-
ate to scant basophilic cytoplasm (Figure 43.3). The cells 
are typically in nests or trabeculae with a focal cribiform 
pattern, giving a gland-like appearance. The prolifera-
tive activity and degree of apoptosis is greater than the 
average squamous cell carcinoma. Originally thought 
to behave more aggressively than typical squamous cell 
carcinomas, recent opinion is that there is no signifi cant 
difference in prognosis (12).   

 The immunohistochemical characteristics of basa-
loid SCC help distinguish this entity from adenoid cystic 
carcinoma of the esophagus, with which it may be con-
fused. The basal cells of basaloid SCC stain with CK14 
and CK19, whereas the basal cells of adenoid cystic car-
cinoma are positive for actin and S100 (13). 

 Another rare variant is verrucous carcinoma. Similar 
to verrucous carcinomas in other sites, the gross appear-
ance is exophytic, often papillary and warty. These are 
slow-growing, low-grade, well-differentiated tumors. The 
microscopic features show well-differentiated keratinized 
squamous cells with mild atypia and a pushing margin. 
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This lack of a clearly invasive margin can be problematic 
on a biopsy because the pathologist may not see clear 
evidence of invasion and instead favor a squamous cell 
papilloma. The diagnosis of verrucous carcinoma may 
become clear with good communication between the cli-
nician and pathologist. 

 INTRAEPITHELIAL NEOPLASIA OR 
SQUAMOUS CELL DYSPLASIA 

 Current evidence is that intraepithelial neoplasia or 
squamous dysplasia is a precursor lesion to invasive 
squamous cell carcinoma (1,15). It is often seen adjacent 
to invasive SCC and is more common in populations 
that are high risk for invasive SCC (14). Most patholo-
gists divide these lesions into low- and high-grade lesions 
based on the degree and extent of cytologic atypia. Low-
grade lesions or low-grade dysplasia is limited to the 
lower half, adjacent to the basal layer, and high-grade 
dysplasia shows a lack of apparent maturation and cyto-
logic atypia extending to more than half of the epithelial 
thickness. Mitotic fi gures are often seen in the upper half 
of the epithelium in high-grade dysplasia. Carcinoma in 
situ is high-grade dysplasia in which the dysplastic cy-
tology extends throughout the epithelium with virtually 

no maturation (Figure 43.2). There is epidemiologic evi-
dence that they show increased risk for invasive cancer 
with increasing grade of dysplasia (15). 

 Although typically dysplasia leads to a thickened 
epithelium, atrophic or thinner epithelium may be dys-
plastic. Dysplasia may also involve submucosal ducts, 
which should not be interpreted as invasive cancer. In all 
cases of dysplasia, including carcinoma in situ, the base-
ment membrane is intact. 

 BIOPSY 

 The diagnosis of SCC is typically made on biopsy. The 
most important differential is reactive regenerative squa-
mous proliferation, which can show signifi cant cytologic 
atypia with increased mitotic activity and long, thin 
prongs extending into the surrounding lamina propria. 
These may be at the edges or base of an ulcer. Due to 
sectioning artifact, there may be apparent small nests 
of these atypical cells within the lamina propria. Distin-
guishing hyperplastic regenerative squamous prolifera-
tion from superfi cial invasive SCC can be diffi cult. 

 The second potential pitfall when interpret-
ing a biopsy is radiation- and chemotherapy-induced 
changes. The overall orientation of the epithelium is 
intact, but there may be marked cytologic atypia with 
giant bizarre nuclei and hyperchromasia. Fortunately, 
the nuclear to cytoplasmic ratio is typically not in-
creased, so that although the nuclei are quite large, 
the cytoplasm is abundant. This is in contrast to car-
cinoma, in which the nuclei are typically large and the 
cytoplasm scant, even after radiation. The pitfall of 
radiation- and chemotherapy-induced atypia being 
overinterpreted as malignant is less likely if the pa-
thologist is given the patient’s clinical history of prior 
radiation or chemotherapy. 

 The third caveat for interpreting biopsies when 
SCC enters the diagnosis is to pay attention to the 
lamina propria, because there may be an underlying 
mesenchymal tumor inducing a reactive squamous pro-
liferation. The prototypic example is the granular cell 
tumor causing the overlying squamous epithelium to 
undergo pseudoepitheliomatous hyperplasia. This squa-
mous mucosal hyperplastic reaction may be confused 
with a well-differentiated superfi cially invasive SCC.   

FIGURE 43.3

Basaloid squamous cell carcinoma.
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  44    Malignant: Esophageal 
Adenocarcinoma and 
Variants 

 Laura H. Tang 

denocarcinoma of the esophagus 
is defi ned by a malignant epithe-
lial tumor of the esophagus with 
glandular differentiation. The ma-
jority of these tumors arise from 

Barrett’s esophagus in the lower third of the esopha-
gus. While Barrett’s esophagus, an intestinal type epi-
thelial metaplastic process, may not always be evident 
as a precursor lesion, most cases of primary esophageal 
adenocarcinoma are likely associated with the pathol-
ogy of the gastroesophageal junction (1). The degree of 
glandular differentiation in these tumors may vary, de-
pending upon tumor differentiation and tumor grade. 
For example, adenocarcinoma may exhibit signet ring 
cell features, hepatoid morphology, squamous differen-
tiation, a sarcomatous component, or characteristics of 
a high-grade neuroendocrine carcinoma. The presence 
of such features is often indicative of a more aggressive 
behavior of the tumor. The rare salivary type adenocar-
cinoma, which includes adenoid cystic carcinoma and 
mucoepidermoid carcinoma, arises from esophageal 
submucosal glands. Very infrequently, adenocarcinoma 
of the esophagus can originate from heterotopic gastric 
mucosa or pancreatic ductal epithelium, and the patho-
logic characteristics of these lesions closely resemble 
those of the site of origin of the carcinoma. This chapter 
discusses all the variants of primary adenocarcinoma of 
the esophagus. 

 ADENOCARCINOMA IN ASSOCIATION 
WITH BARRETT’S ESOPHAGUS 

 The detailed issues of Barrett’s esophagus, including its 
defi nition, epidemiology, pathology, and molecular biol-
ogy, are considered in Chapters 5 to 10. The relevant 
pathologic topics are discussed briefl y in this chapter. 

 Barrett’s esophagus has been documented, from 
both a historic perspective as well as contemporary evi-
dence, to be associated with the development of adeno-
carcinoma of the gastroesophageal junction (GEJ) (2). 
Furthermore, this type of intestinal metaplastic change 
is almost invariably evident in the epithelium surround-
ing most GEJ adenocarcinoma. As a result of such ob-
servations, Barrett’s esophagus has been considered a 
major risk factor for the development of adenocarci-
noma at the GEJ. The similar recognition that adeno-
carcinoma of the GEJ has been increasing at a dramatic 
rate has led to the emergence of a high level of interest 
in the pathology, early identifi cation, and treatment of 
the condition (1,3). 

 As with neoplasia elsewhere, the transformation 
from normal to a malignant mucosa in the esophagus oc-
curs through a sequence of morphologic changes accom-
panied by specifi c molecular genetic events (4,5). While 
the morphologic transformation of the Barrett-type epi-
thelium has been well recognized, the exact sequence of 
molecular events occurring in GEJ adenocarcinoma is 

 A
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not as well established as those identifi ed in colonic ad-
enocarcinoma. The identifi cation and isolation of mark-
ers with potential for screening and possibly prognostic 
information are therefore areas of considerable clinical 
and scientifi c interest. 

 Macroscopic Pathology 

 The majority of primary adenocarcinomas of the esoph-
agus arise in the lower third of the esophagus within the 
segment of Barrett’s mucosa (6,7), which may be rec-
ognizable adjacent to the tumor as typical salmon-pink 
fl at mucosa, particularly at early stage of the carcinoma 
(Figure 44.1). Superfi cial adenocarcinoma, which is usu-
ally identifi ed in the course of surveillance of Barrett’s 
esophagus, may exhibit subtle macroscopic alterations 
within Barrett’s mucosa, such as mucosal bumps or 
plaques. However, at the time of diagnosis, most tu-
mors have attained an advanced stage with an ulcerative 
or mass lesion infi ltrating into the esophageal wall. In 
some of these advanced cases, Barrett’s mucosa may be 
displaced by overgrowth of the tumor and is no longer 
recognizable in the adjacent mucosa by either gross or 
microscopic examination.   

 Histopathology 

 When evaluating patients in surveillance cohorts, it 
has been established that the presence of dysplasia 

indicates an increased risk of adenocarcinoma. How-
ever, the natural history of dysplasia per se, particu-
larly low-grade dysplasia, is very diffi cult to predict 
in individual patients (8). Studies produced over the 
last 2 decades indicate that the detection of high-grade 
dysplasia in Barrett’s esophagus is indicative of a syn-
chronous adenocarcinoma. It is claimed that this neo-
plasia remains undetected even by the most rigorous 
biopsy protocols, only to be discovered in surgically 
resected specimens. The reported prevalence of such 
adenocarcinoma ranges from 0% to 75% in some se-
ries, and it has been estimated that an average 40% of 
occult adenocarcinoma occurs in high-grade dysplasia 
(9,10). A fi gure of such magnitude requires more rig-
orous evaluation and the presentation of more robust 
data (11,12). As a consequence of such confl icting data 
regarding the likelihood of occult adenocarcinoma, the 
reported biopsy protocols that lead to the surgical re-
section vary widely between centers (13–17). 

 Adenocarcinoma arising in Barrett’s esopha-
gus with high-grade dysplasia is defi ned by neoplastic 
cells that have penetrated through the basement mem-
brane and infi ltrated into the lamina propria or beyond 
(Figure 44.1). Most pathologists are unlikely to miss 
submucosal invasive carcinomas, particularly when 
provided with the clinical and endoscopic impression of 
a mass lesion. However, the diagnosis of a superfi cial 
adenocarcinoma may be a delicate issue in certain clini-
cal settings. When the biopsy is superfi cial or the lesion 

FIGURE 44.1

Gross and microscopic Barrett’s esophagus with dysplasia and early adenocarcinoma. (a) Barrett’s mucosa extends from the 
distal esophagus and up 5.0 cm into the squamous lined mucosa. (b) High-grade glandular dysplasia is evident at the squamo-
columnar junction. (c) While no mass lesion is grossly identified (a), early carcinoma is detected within Barrett’s mucosa.



 44 • MALIGNANT: ESOPHAGEAL ADENOCARCINOMA AND VARIANTS 339

itself is indeed superfi cial, the impact of the diagnosis 
of carcinoma versus high-grade dysplasia may require 
serious consideration. In view of the fact that even the 
presence of lamina propria invasion alone carries the 
risk of regional lymph node metastasis, considerable 
caution must be exercised (1). Thus the diagnosis of a 
superfi cially invasive carcinoma usually leads to surgical 
intervention. 

 Most cases of adenocarcinoma in association with 
Barrett’s esophagus are well to moderately differenti-
ated, and frequently present with architectural and cy-
tologic transformation from the dysplastic glandular 
epithelium to an adenocarcinoma (Figure 44.1). The 
presence of variable areas of a poorly differentiated 
component is not uncommon. The poorly differenti-
ated areas in this type of adenocarcinoma are usu-
ally characterized by lack of glandular differentiation 
with a diffuse, either signet ring cell or undifferenti-
ated cell, infi ltration. Sometimes the tumor may pre-
sent with other types of epithelial differentiation, such 
as hepatocytic (hepatoid) or trophoblastic (chorio-
carcinoma) differentiation (18–20). These tumors not 
only bear morphologic features of exogenous epithe-
lial differentiation, they also express their correspond-
ing immunophenotypic markers (hepatocyte antigen 
and human chorionic gonadotropin, respectively). In 
these situations, the possibility of a metastasis should 
be clinically excluded. The presence of a squamous or 
a mesenchymal component within an adenocarcinoma 
may be designated as adenosquamous carcinoma and 
sarcomatoid carcinoma (see sections “Adenocarcinoma 
of Salivary Gland Type” and “Adenosquamous Carci-
noma” in this chapter). When tumor cells are largely 
undifferentiated, particularly in a limited biopsy mate-
rial, the differential diagnosis should include a poorly 
differentiated squamous cell carcinoma or a melanoma 
(Figure 44.2). The location of the lesion, the presence 
of an in situ carcinoma component or pre-neoplastic 
changes, and an immunohistochemical work-up should 
enable the establishment of a defi nitive diagnosis. The 
differentiation of an adenocarcinoma should be defi ned 
by the presence of >25% of its worst differentiated 
component; for example, a moderately differentiated 
carcinoma with evidence of a 25% poorly differenti-
ated component should be classifi ed as a poorly differ-
entiated carcinoma.   

 Evaluation of Barrett’s Adenocarcinoma 
in Surgical Specimens 

 In order to ensure accurate tumor staging and postop-
erative management, the specimen should be processed 
with a particular focus on tumor location, depth of 
invasion, pathology of the surrounding mucosa, ad-
equate lymph node dissection from the specimen, and 

FIGURE 44.2

Examples of poorly differentiated malignant neoplasm of 
the esophagus. (a) An example of diffuse variant of adeno-
carcinoma of distal esophagus, signet ring cell type. (b) An 
example of an undifferentiated carcinoma with minimal rec-
ognizable features of an epithelial neoplasm. (c) A poorly 
differentiated malignant neoplasm, which is proven to be a 
primary melanoma of the esophagus by immunohistochem-
istry, located in the mid esophagus.
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treatment-related changes. When the tumor straddles 
the GEJ, the proportion of the lesion in the esophagus 
and in the stomach should be carefully documented. 
The tissue sections are best oriented and assessed after 
at least several hours of formalin fi xation. If possible, 
gross photographs should be taken prior to and sub-
sequent to fi xation to assure optimal depiction of the 
lesion. This provides important topographic informa-
tion complementary to the histologic assessment. In the 
absence of a large tumor mass, it is best to block the 
GEJ involved by tumor and submit the entire area se-
quentially for histologic evaluation. 

 An issue not yet resolved is the question of lymph 
node assessment. The sixth edition of American Joint 
Committee on Cancer (AJCC) staging includes adeno-
carcinoma of the GEJ in the esophageal tumor stag-
ing system but does not require extensive lymph node 
assessment (21). However, the clinical prognosis of 
GEJ adenocarcinoma is best predicted by adequate 
lymph node evaluation, thus, adoption of the lymph 
node staging for gastric carcinoma, which requires 
evaluation of a minimum of 15 lymph nodes, has been 
proposed (22).The pathologic assessment of GEJ carci-
noma in response to radiation/chemotherapy involves 
both the gross and the microscopic examination of the 
resected surgical specimen (1). The gross appearance 
of treated tumors varies from mucosal ulceration to a 
fi brous scar, or a prominent mass lesion in the case of a 
less than obvious tumor regression. At the microscopic 
level, a positive treatment-related effect is observed 
as abolition of the malignant epithelium and replace-
ment by reactive fi brosis or fi bro-infl ammation within 
the mucosa or the gastroesophageal wall. The ultimate 
pathologic response to treatment is thus determined 
by the amount of residual viable carcinoma in relation 
to areas of fi brosis or fi bro-infl ammation within the 
gross lesion, which is inversely associated with, and ex-
pressed as percentage of a favorable treatment response. 
Thus, a 100% treatment response indicates fi brosis or 
fi bro-infl ammation within an entire gross lesion with-
out microscopic evidence of residual carcinoma, and a 
0% response represents an entirely viable tumor in the 
absence of any fi brosis of fi bro-infl ammation. Acellu-
lar mucin is regarded as a form of positive treatment 
response, not as residual/viable tumor. The pathologic 
stage of the residual carcinoma is determined by the 
presence of viable malignant epithelium in the deep-
est layer of the gastroesophageal wall. Positive lymph 
nodes are defi ned as having at least one focus of viable 
tumor cells in lymph nodes (1). 

 Pathologists are often confronted with adenocar-
cinomas that straddle the GEJ; and there has been con-
siderable debate regarding the tumor genesis and the 
relationship between GEJ and gastric cardia adenocar-
cinoma. Various criteria have been used to categorize 

tumors situated at the GEJ. In most classifi cation sys-
tems, the anatomic location of the epicenter or predomi-
nant mass of the tumor is used to determine whether 
the neoplasm is esophageal or gastric (cardia) in origin 
(23–25). However, it is almost impossible to document 
that in a given location, such as the GEJ, tumors will 
grow to the same extent in a proximal and distal direc-
tion. This renders it diffi cult to derive any certain con-
clusion in regard to the epicenter of the origin. In this 
respect, a further problem is posed by the fact that there 
exists no consensus regarding the defi nition of cancer of 
the gastric cardia. The majority of the data available on 
cardia mucosa, cardiac mucosal dysplasia, and cardiac 
cancer are not comparable because of lack of diagnostic 
criteria. Uniformity in classifi cation, terminology, and 
diagnostic criteria are still required to clarify the issue of 
cardia, mucosal carditis, and cardiac adenocarcinoma 
and its relationship with adenocarcinoma of the GEJ 
(23,24,26). At present, however, it would appear that 
the similarities between adenocarcinoma of the GEJ or 
cardia and Barrett’s adenocarcinoma outnumber their 
dissimilarities. 

 ADENOCARCINOMA ARISING 
IN HETEROTOPIC EPITHELIUM 

 In rare cases, when an adenocarcinoma of the esopha-
gus arises completely independent of Barrett’s esophagus, 
the histogenesis of the tumor arising from ectopic gas-
tric glands (gastric inlet) (27), heterotopic pancreatic 
tissue, or from periesophageal glands (see below “Ade-
nocarcinoma of Salivary Type”) should be considered. 
In contrast to Barrett’s associated adenocarcinoma lo-
cated in the distal esophagus of the squamocolumnar 
junctional mucosa, carcinomas arising from the gastric 
inlet are usually found in the upper and middle portion 
of the esophagus, whereas tumors from heterotopic 
pancreas can be located in both the proximal esopha-
gus and the distal esophagus (28). Histopathologic fea-
tures of these tumors at their ectopic site are similar to 
those of their primary carcinoma, which may display 
a spectrum of grades and differentiation as discussed 
in other variants of adenocarcinoma throughout this 
chapter. Careful histopathologic assessment may en-
able the identifi cation of the original benign or dys-
plastic epithelium from which the carcinoma arises 
(Figure 44.3).   

 Given their rarity, there exist insuffi cient data to 
evaluate the clinical outcome of these tumors. It is, 
however, plausible to consider that they will behave in 
a similar fashion to any de novo adenocarcinoma of 
the esophagus or stomach or pancreas, in which the 
tumor stage is the deciding variable that dictates the 
prognosis. 
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 ADENOCARCINOMA OF SALIVARY 
GLAND TYPE 

 The primary salivary gland type adenocarcinoma of 
the esophagus, which constitute <1% of all esophageal 
epithelial malignancies, is extremely rare, with only scat-
tered cases reported. This type of tumor is believed to 
arise in the esophageal submucosal glands or the epithe-
lium of tracheobronchial rests (29,30). Two types of this 
entity have been described in the esophagus: adenoid cys-
tic carcinoma and mucoepidermoid carcinoma (30–32). 

 Adenoid Cystic Carcinoma 

 Adenoid cystic carcinoma (ACC) has been well recog-
nized in the salivary glands, oropharynx, respiratory 

tract, mammary tissue, and uterine cervix. A primary 
ACC of the esophagus can occur in any segment of the 
esophagus. The morphologic features of carcinoma are 
similar to those of ACC of the salivary glands of the 
head and neck. 

 The most common growth pattern in ACC is crib-
riform, which imparts a sieve-like appearance to the 
tumor with islands of neoplastic epithelial cells that con-
tain several small and round pseudocystic structures of 
variable diameter. The tumor is composed of 2 cell lin-
eages. The majority of the neoplastic cells are of an ablu-
minal type, which exhibit myoepithelial differentiation. 
Among the prominent basaloid myoepithelial cells, the 
second type of cells are scattered foci of ductal epithelial 
cells, which surround tiny lumens (Figure 44.4).   

 While most ACCs of the head and neck region are 
considered low-grade carcinomas, many investigators 

FIGURE 44.3

Adenocarcinoma of the esophagus in association with het-
erotopia. (a) An example of an adenocarcinoma (right upper) 
located in mid-esophagus and arising in heterotopic gastric 
mucosa (left lower). (b) A poorly differentiated adenocarci-
noma (upper right) arising in distal esophagus with associ-
ated ectopic pancreatic tissue in the proximity (lower left).

FIGURE 44.4

Adenocarcinoma of salivary gland type. (a) An example of 
adenoid cystic carcinoma arising in columnar mucosa of 
distal esophagus. (b) An example of mucoepidermoid carci-
noma with mucous (goblet) cells and epideromid (squamoid) 
cells intimately admixed with each other.



342 IV • TUMOR TYPES

have reported ACC of the esophagus to exhibit aggressive 
behavior and diffuse metastasis (30,31). This difference 
has been considered as due to some adverse histopatho-
logic features including greater polymorphism, higher 
mitotic activity, and a more solid growth pattern. How-
ever, an alternative explanation might be that many cases 
of basaloid squamous cell carcinoma may have been 
misdiagnosed and included in the database of ACC of 
the esophagus. This highly regressive variant of poorly 
differentiated squamous cell carcinoma may exhibit a 
growth pattern that mimics that of an ACC and is thus 
liable to misclassifi cation (33,34). The identifi cation of a 
squamous cell carcinoma component, either in situ or in-
vasive, in a carcinoma with an adenoid cystic histologic 
pattern, should suggest the diagnosis of a basaloid squa-
mous cell carcinoma. A further diagnostic point impor-
tant in securing the diagnosis is that basaloid squamous 
cell carcinoma lack the ductal epithelial component, 
which is required to establish the diagnosis of an ACC. 

 Thus a genuine ACC of the esophagus should be 
considered as a well-differentiated carcinoma and is 
anticipated to have a better prognosis than most con-
ventional-type and moderately to poorly differentiated 
adenocarcinoma (35). 

 Mucoepidermoid Carcinoma 

 Mucoepidermoid carcinoma (MEC) is even rarer than 
ACC in the esophagus (36,37). The real incidence of 
MEC is diffi cult to estimate due not only to its rarity but 
also to misdiagnosis and underreporting. As a malignant 
mixed epithelial neoplasm, MEC is composed of vary-
ing proportions of mucous, epidermoid, intermediate, 
columnar, and clear cells. The characteristic histologic 
pattern of MEC is a prominent cystic component and 
small duct-like structure (Figure 44.4). The cysts are usu-
ally lined by mucous, intermediate, or epidermoid cells, 
which also exhibit extramural proliferation, while the 
lumina are typically fi lled with mucin. On the basis of 
morphologic and cytologic features, MECs are graded 
into low-, intermediate-, and high-grade type with a cor-
responding progressively worse prognosis. 

 Due to its mixed cell amalgamation, particularly 
the presence of the epidermoid (squamoid) and the 
mucinous (goblet) cells, MEC is often interpreted as 
an adenosquamous cell carcinoma (Figure 44.5). The 
latter entity is considered as a subtype of conventional 
tubular/ductal adenocarcinoma at many sites of the di-
gestive system.   

 Despite its distinct histogenesis of salivary gland/
duct, the prognosis of MEC, similar to that of other 
variants of adenocarcinoma of the esophagus, is 
largely dependent on clinical stage and tumor grade 
(36). Most cases of MEC are presented at an advanced 

FIGURE 44.5

Other variants of adenocarcinoma of the esophagus. (a) An 
example of adenosquamous cell carcinoma with the ma-
lignant glandular and squamous carcinoma coexist in the 
same tumor, but distinct from each other. (b) An example of 
sarcomatoid carcinoma with a poorly differentiated epithe-
lial component (upper right) and a malignant spindle cell 
element (lower left). (c) An example of high-grade neuroen-
docrine carcinoma (left) arising in association with Barrett’s 
esophagus with glandular dysplasia (right).
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stage, possibly due to an early underdetected submuco-
sal lesion and a late mucosal surface involvement and 
associated clinical symptoms. These tumors have been 
reportedly more resistant to adjuvant therapy and have 
a poor clinical outcome (36). 

 ADENOSQUAMOUS CARCINOMA 

 Squamous differentiation is not an uncommon event in 
conventional type adenocarcinomas of the gastrointes-
tinal tract and the pancreaticobiliary system. When the 
component represented by squamous differentiation is 
>25%, the carcinoma is classifi ed as an adenosquamous 
carcinoma. It is uncommon to fi nd glandular differen-
tiation in a de novo squamous cell carcinoma; thus, 
regardless of the proportion of squamous component 
present in an adenocarcinoma, the presence of any glan-
dular element or mucin-containing cells is adequate for 
a diagnosis of adenosquamous carcinoma. In this entity, 
the adenocarcinomatous component is usually tubular/
glandular, as might be evident in a Barrett’s associated 
adenocarcinoma. The squamous component of the 
tumor is usually moderately to well differentiated. Of 
note is the fact that the 2 components, squamous and 
the glandular foci, are more distinct from each other 
than when present in a mucoepidermoid carcinoma, in 
which the 2 components are intimately intermingled 
(see section above). 

 Other than the morphologic evidence of squamous 
differentiation, the prognosis of adenosquamous car-
cinomas is comparable with that of genuine adenocar-
cinomas of the GEJ. Thus, a high-tumor stage and the 
presence of poorly differentiated carcinoma predict a 
poor clinical outcome. 

 SARCOMATOID (SARCOMATOUS) 
CARCINOMA 

 This entity is defi ned by the morphologic presence of a 
sarcomatous, or malignant spindle cell component in a 
malignant epithelial tumor. Sarcomatoid carcinoma can 
occur in any carcinoma at any anatomic site, including 
the esophagus. While morphologically or even immu-
nophenotypically distinct from an epithelial neoplasia, 
it is generally accepted that the sarcomatous elements 
in a sarcomatoid carcinoma represent a dedifferenti-
ated component of the malignant epithelial origin. The 
term  carcinosarcoma  is not preferred in a true epithelial 
tumor; it is better applied to a tumor with dual histogen-
esis of epithelial and mesenchymal differentiation, and is 
most commonly found in the Mullerian system. 

 In the esophagus, sarcomatoid carcinoma can be 
present in a squamous cell carcinoma, more commonly 

than in an adenocarcinoma. The sarcomatous compo-
nent often loses its immunoreactivity to most low mo-
lecular weight cytokeratins, but may have some degree 
of preserved reactivity to high molecular weight cyto-
keratins. Due to its poorly or dedifferentiated nature, 
sarcomatoid carcinoma is inevitably more aggressive 
and is indicative of a poor clinical outcome. 

 HIGH-GRADE NEUROENDOCRINE 
CARCINOMA 

 While high-grade neuroendocrine carcinoma (HGNEC) 
is rare in the gastrointestinal tract in general, the esopha-
gus is a relatively common site with an estimated prev-
alence of 1% to 2.8% of all esophageal malignancies 
(38,39). Similar to the HGNEC at other locations of the 
gastrointestinal tract, HGNEC of the esophagus rep-
resents a heterogeneous group of clinically aggressive 
tumors. It remains a poorly characterized category, prin-
cipally because of its rarity and the lack of consistent 
diagnostic criteria. HGNECs can display a spectrum of 
morphologic characteristics, which range from small cell 
to large cell neuroendocrine carcinoma of their pulmo-
nary counterparts, and some have features intermediate 
between these 2 extremes. In addition, admixed compo-
nents of adenocarcinoma or other non-neuroendocrine 
elements are commonly identifi ed in association with 
>50% of any subtypes of HGNECs. At present, there 
are no defi ned criteria for classifi cation of tumors within 
this spectrum. Both the WHO and AJCC recognize the 
small cell carcinoma variant; however, HGNECs of non-
small cell type are not currently included in the classi-
fi cation of carcinomas of the gastrointestinal tract. As 
a consequence of the lack of a clear understanding of 
the pathobiology and molecular biology of HGNECs, 
there exists an inconsistency in diagnosis and clinical 
management. 

 Recent studies have classifi ed HGNECs of the GI 
tract into 3 categories: (a) small cell carcinoma, (b) large 
cell carcinoma, and (c) mixed neuroendocrine carci-
noma (40). Further analysis has demonstrated that most 
HGNECs arising in the squamous mucosa-lined esopha-
gus are small cell type (83%), whereas most involving 
the GEJ glandular mucosa are of a large cell or mixed 
(67%) cell type. The presence of Barrett’s metaplasia 
with dysplasia or an adenocarcinoma component is 
more frequently associated with large cell or mixed type 
of HGNEC; conversely, in situ squamous cell carcinoma 
is more commonly observed in conjunction with small 
cell carcinoma. 

 Although both well-differentiated neuroendocrine 
neoplasm (carcinoid) and poorly differentiated HGNEC 
express general neuroendocrine markers (chromogranin 
and synaptophysin), in most cases, they do not appear 
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to be related in their pathogenesis. The former arises 
in the diffuse neuroendocrine cell system of the tubular 
gastrointestinal tract or the pancreaticobiliary system, 
and the latter most likely originates from the surface 
epithelium of the gastrointestinal tract. It is extremely 
unusual to fi nd them in juxtaposition in individual 
tumors. 

 Gastrointestinal tract HGNECs are typically diag-
nosed at an advanced stage; most tumors exhibit regional 
lymph node involvement at the time of initial presenta-
tion, and more than half have overt distant metastasis to 
the liver, followed by distant lymph nodes, peritoneum, 
bones, and brain. The estimated 2-year disease-specifi c 
survival is <25%.    
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  45    
Malignant: Esophageal 
Adenocarcinoma of the 
Cardia and Proximal 
Stomach 

 John S. Macdonald 
 Lawrence Leichman 

astric and gastroesophageal adeno-
carcinomas are important health 
problems. A 2005 analysis (1) of 
the worldwide incidence of and 
mortality from cancer showed that 

934,000 cases of gastric cancer occurred in 2002 and 
that 700,000 patients die annually of this disease. 

 Adenocarcinoma of the body and distal stomach 
has been decreasing in incidence in North America and 
Western Europe over the last 70 years. This tumor was 
the number one cause of cancer death in the United 
States in 1900. It now is substantially less common as a 
cause of cancer mortality in the Western world. Although 
body and distal stomach cancers have declined in the de-
veloped world, this type of gastric adenocarcinoma is a 
continued health problem and results, as noted above, 
in at least 700,000 deaths annually worldwide. The rea-
sons for the decrease in the endemic form of stomach 
cancer in Western societies is not known with certainty, 
but appears to be associated with less exposure to envi-
ronmental factors known to increase the risk of stomach 
cancer. For example, in the West, the advent of ready 
access to refrigeration of food early in the 20th cen-
tury led to a decrease in the ingestion of preserved and 
smoked foods and an increased consumption of fresh 
meats, fresh fruits, and vegetables. It is known that there 
are potential carcinogens (nitrates, nitrites, and nitrosa-
mines) in preserved foods and that societies with high 

rates of the endemic form of gastric cancer have a higher 
consumption (2) of preserved and smoked meats. 

 Another factor important in gastric body and dis-
tal stomach carcinogenesis is the presence of the bac-
terium  Helicobacter pylori  (3). The  H. pylori  infection 
can result in gastritis. The development of chronic gas-
tritis leads to dysplasia, anaplasia, and eventually carci-
noma. In Western societies there is a signifi cantly lower 
frequency of  H. pylori  gastric colonization and infection 
than there is in developing countries. With the absence 
of a necessary component of the gastritis to cancer se-
quence ( H. pylori ), there is a decreased occurrence of 
the endemic form of stomach cancer and, thus, body 
and distal gastric tumors have decreased in incidence. 

 While the endemic,  H. pylori –associated stomach 
cancer may have decreased in Western societies, a more 
proximal group of cancers have increased in incidence in 
developed countries in the last 20 years. These cancers 
included adenocarcinomas of the proximal stomach, 
gastroesophageal junction (GEJ), and distal esophagus. 
Although the precise reasons for these tumors increasing 
is not known, it is clear that the mechanisms of carci-
nogenesis are certainly different from those seen in the 
distal endemic forms of stomach cancer. It appears that 
a common factor in these tumors is a relatively high 
frequency of gastroesophageal refl ux disease (GERD). 
Although GERD is usually thought to cause symptoms 
of pain because of acid refl ux causing painful proximal 
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gastritis and /or distal esophagitis, GERD can occur 
without pain. One of the characteristics of neoplasia in 
the distal esophagus and GEJ/proximal stomach is the 
presence of intestinal metaplasia of the distal esophagus 
termed  Barrett’s esophagus . This condition is defi ned 
by the presence of areas of intestinal cell metaplasia 
in the distal esophagus. The precise cause of Barrett’s 
esophagus is not known, but it clearly is associated with 
GERD. The GERD syndrome is more common in obese 
Caucasian males with a history of cigarette smoking and 
alcohol ingestion (4). There is a possibility that obese in-
dividuals who have relatively increased intra-abdominal 
pressure may have lax gastroesophageal sphincters and 
thus may be more prone to GERD. Chronic GERD may 
lead to Barrett’s metaplasia in the distal esophagus. Not 
only is  H. pylori  gastritis not associated with proximal 
gastric-distal esophagus neoplasms but  H. pylori  gastri-
tis that results in achlorhydria may actually reduce or at 
least ameliorate GERD and thus decrease the likelihood 
of Barrett’s metaplasia occurring. 

 There is a clear sequence of carcinogenesis that 
may occur in patients with endoscopically documented 
Barrett’s metaplasia, and management guidelines are 
based upon understanding this sequence. Patients with 
Barrett’s metaplasia who have no evidence of dysplasia 
on endoscopic biopsy may be treated with acid suppres-
sion strategies and be monitored by repeat endoscopy 
performed on a regular basis, at least annually. If dys-
plasia or anaplasia is pathologically documented, then 
the risk of esophageal/proximal gastric cancer increases 
signifi cantly and such patients require more aggressive 
therapy. The standard conservative approach for these 
cases is to perform esophagectomy. Investigational ap-
proaches for these patients include ablative techniques 
such as endoscopic mucosal resection and photody-
namic therapy. 

 When cancers occur in the distal esophagus/GEJ/
proximal stomach, the most pressing issue is what is the 
most appropriate therapy for patients with these malig-
nancies? The management of gastroesophageal cancer, 

like the management of most gastrointestinal cancers, is 
based on surgical resection of the primary tumor. When 
cancers are localized and minimally invasive (5,6), surgi-
cal cure is possible in up to 90% of cases. However, the 
detection of early gastroesophageal cancer is unusual in 
Western countries. More commonly, resectable cancer is 
detected when it is locally advanced—that is, when the 
tumor extends into or through the gastric wall and there 
are regional lymph-node metastases (7,8). Less than 20% 
of such cases are cured by gastroesophagectomy. Because 
of the poor outcomes of surgery alone for gastroesopha-
geal cancers, there has been much interest in adjunctive 
therapies that, when used in addition to surgical removal 
of the primary tumor, may improve survival (8–10). 
Adjuvant cytotoxic chemotherapy is successful in other 
gastrointestinal cancers (11), and many phase-3 clinical 
trials have explored this approach in gastroesophageal 
cancer (8,9). However, the survival benefi t gained from 
the use of adjuvant chemotherapy in these tumors is not 
generally felt to be clinically signifi cant (8,9), and for this 
reason, adjuvant chemotherapy has not become part of 
the standard of care in gastroesophageal cancer. There 
is evidence that postoperative chemoradiation (10) and 
perioperative chemotherapy (12) may be effective in 
decreasing recurrence for patients with gastroesopha-
geal cancers. Extensive discussions of the role of vari-
ous surgical techniques and approach to adjuvant and 
neoadjuvant therapy of gastroesophageal cancers will be 
presented elsewhere in this book. 

 In summary, proximal gastric/GEJ/distal esopha-
geal cancers represent an important subset of upper ab-
dominal adenocarcimomas. These tumors have different 
etiologies and epidemiologies than other tumors occur-
ring in the stomach, for example, the more distal ad-
enocarcinomas associated with  H. pylori  infection and 
the epidermoid carcinomas of the esophagus, which are 
typically seen in patients with histories of heavy alcohol 
and tobacco abuse. These upper gastrointestinal cancers 
require special consideration in regard to screening, pre-
vention, and treatment. 
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  46    Malignant: Mesenchymal 
Tumors 

 Cameron D. Wright 

alignant mesenchymal tumors of 
the esophagus are very rare, repre-
senting only about 1% of all ma-
lignant tumors of the esophagus 
(Table 46.1). Accurate diagnosis is 

often diffi cult since they are submucosal until late in their 
course and are not suspected in the differential diagno-
sis due to their rarity. If symptomatic, patients present 
with the typical symptoms of esophageal obstruction. In 
the absence of metastatic disease, the treatment is sur-
gical resection. The various sarcomas of the esophagus 
respond poorly to chemotherapy or radiation therapy. 
Gastrointestinal stromal tumors (GISTs) of the esopha-
gus respond to imatinib mesylate (Gleevec, Novartis 
Pharmaceuticals), which can be used as an adjuvant and 
to treat unresectable, recurrent, or metastatic GISTs.   

 GASTROINTESTINAL STROMAL TUMORS 

 GISTs are c-kit (CD 117) positive mesenchymal spindle 
or epitheliod tumors of the gastrointestinal tract. The 
cell of origin is the interstitial cell of Cajal, or its precur-
sor in the wall of the gastrointestinal tract, and has the 
expression of the tyrosine kinase receptor kit in almost 
all cases. They are quite rare, representing only about 
3% of all gastrointestinal malignant tumors, but are 

the most common mesenchymal tumor of the gastroin-
testinal tract. They are most common in the stomach 
(50%–70%) and small bowel (20%–30%); they rarely 
occur in the esophagus (about 1% of all cases). Depend-
ing on the size and mitotic index of the tumor, GISTs 
are categorized into low-, intermediate-, and high-risk 
groups. Tumors greater than 5 cm and those with a mi-
totic index greater than 2/10 high power fi elds are at 
greater risk for metastases. GISTs stain for c-kit and 
CD 34. However, even small tumors with rare mitoses 
can metastasize. The largest case series of 17 cases of 
esophageal GISTs reported that 12 of 17 were high risk 
(1). Metastases are most common in the liver and are 
rare to the lymph nodes, although a recent case report 
noted nodal metastases (2). Efron and Lillemoe recently 
reviewed the management of GISTs (3). 

 About one-half of patients present with symptoms 
such as dysphagia, pain, odynophagia, or weight loss. 
GISTs occur in the older population, and most are in the 
distal esophagus. Most tumors present with an intralu-
minal polypoid mass with an intact mucosa. Mucosal bi-
opsies are usually non-diagnostic. Contrast radiography, 
computed tomography (CT), and endoscopic ultrasound 
(EUS) are often used to assess the lesion and delineate 
the possibility for resection. Most patients are resected 
without a tissue diagnosis. Lymph node dissection is not 
thought to be important since nodal metastases are rare 
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but certainly any enlarged nodes should be removed, as 
nodal metastases can rarely occur (4–6). 

 Patients need to be followed even with low-grade 
GISTs, as their malignant potential is variable and ca-
pricious. The tyrosine kinase inhibitor imatinib mesyl-
ate (Gleevec, Novartis Pharmaceuticals) is very active in 
treating this tumor and has been used as an adjuvant 
treatment, and for treatment of unresectable, recurrent, 
or metastatic disease. 

 LEIOMYOSARCOMA OF THE ESOPHAGUS 

 Leiomyosarcoma is probably the most common sar-
coma of the esophagus, with about 200 reported cases 
(7). They are still quite rare, as illustrated by a recent 
Mayo Clinic series, in which only 19 cases were reported 
among 6,359 patients (0.3%) with an esophageal ma-
lignancy over a 76-year period (8). Most patients are 
older—in the sixth or seventh decade of life—and there 
is a slight male predominance (1.5:1). Leiomyosarcomas 
are commonly found in the middle and distal third of the 
esophagus, but also present in the cervical esophagus. 
About two-thirds are polypoid and one-third are infi ltra-
tive in gross appearance. Microscopy reveals interlacing 
whorls of spindle cells with increased mitoses. The cells 
are often pleomorphic and stain for desmin and smooth 
muscle antigen (SMA). Lymph node metastases are rare. 
The most common sites of metastases are the liver and 
lung. There have been rare reported cases of leiomyosar-
comas arising from leiomyomas of the esophagus (7,9). 

 Patients usually present with dysphagia, but many 
are asymptomatic as well. Endoscopy usually reveals 
intact mucosa with a polypoid mass, though ulceration 
may be present in larger lesions. Endoscopic biopsies 
are usually non-diagnostic; CT scans usually show siz-
able tumors that are often inhomogeneous with areas of 
necrosis (10–12). The diagnosis is usually made at the 

time of resection. Long-term survival and apparent cure 
have been reported with resection. One report suggested 
a 5-year survival rate of 32% in collected series, while 
the Mayo Clinic report had a 47% 5-year survival (8, 
13). Polypoid tumors and well-differentiated tumors are 
thought to have a better prognosis. 

 LIPOSARCOMA OF THE ESOPHAGUS 

 Liposarcomas are the most common soft tissue tumors, 
usually arising from the lower extremities or retro-
peritoneum. They are rare in the gastrointestinal tract, 
representing only about 1% of gastrointestinal lipo-
sarcomas. Only a handful of esophageal liposarcomas 
have been reported (14–16). The histologic types are 
well-differentiated, myxoid, round cell, and pleomor-
phic. Esophageal liposarcomas tend to be slow-growing 
polypoid tumors that typically present with dysphagia. 
Many are pedunculated, and more have been reported 
in the cervical esophagus than in the chest. The mucosa 
is normal at endoscopy, and typically a large polyp-
oid mass is seen, suggesting slow, indolent growth. CT 
and magnetic resonance (MR) scans can demonstrate 
the fatty nature of the tumor as well as EUS. Since the 
mucosa is normal, endoscopic biopsies are unrevealing. 
Resection can be performed by esophagectomy or, in 
the case of pedunculated tumors, by local resection of 
the base of the lesion (14). Long-term survival has been 
reported. 

 FIBROSARCOMA OF THE ESOPHAGUS 

 Fibrosarcomas of the esophagus are very rare with, 
again, only a handful of cases reported (17). Patients 
present with a submucosal mass, typically with normal 
overlying mucosa. Leiomyoma is the usual preoperative 
diagnosis. Malignant fi broblastic cells are seen that are 
arranged in sweeping fascicles and stain for vimentin 
and CD34. Esophagectomy is usually performed once 
the defi nitive diagnosis has been made at operation. 
Long-term survival has been reported. Variants of fi bro-
sarcoma have been reported, including infl ammatory 
fi brosarcoma and myxofi brosarcoma (18,19). 

 OTHER ESOPHAGEAL SARCOMAS 

 A variety of other sarcomas of the esophagus have been 
rarely reported, including rhabdomyosarcoma, chon-
drosarcoma, carcinosarcoma, Ewing’s sarcoma, and 
synovial cell sarcoma (20–25). Accurate diagnosis is 
diffi cult preoperatively, as with other sarcomas of the 
esophagus, and the treatment is resection when possible. 

TABLE 46.1 
Malignant Mesenchymal Tumors of the Esophagus

Gastrointestinal stromal tumors (GISTs)
Leiomyosarcoma
Liposarcoma
Fibrosarcoma
Myxofibrosarcoma
Rhabdomyosarcoma
Chondrosarcoma
Carcinosarcoma
Ewing’s sarcoma
Synovial cell sarcoma
Malignant schwannoma
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Immunohistochemic staining is often very important to 
precisely characterize the tumor. 

 MALIGNANT ESOPHAGEAL SCHWANNOMA 

 Schwannomas of the esophagus separate from the 
vagus nerve have been reported, including malignant 
ones. Fewer than 20 cases have been reported. At least 

4 of 16 cases have been noted to be malignant with fea-
tures of gross invasion, nuclear atypia, and increased 
mitoses (26,27). Patients present with a submucosal 
mass with intact overlying mucosa. The diagnosis is 
usually made after resection. Cells are spindle shaped 
and thin and are arranged in fascicles. The cells satin 
for S-100 protein and vimentin and are negative for 
desmin. At least 2 cases have been documented with 
nodal involvement (27). 
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  47   Malignant: Lymphoma 

 Abraham J. Wu 
 Karyn A. Goodman 

nvolvement of the esophagus by 
lymphoma is uncommon and is 
more likely to occur secondarily 
as a result of direct extension from 
mediastinal adenopathy. Primary 

esophageal lymphoma, in which the disease arises in the 
wall of the esophagus, is particularly rare. Little pub-
lished data exist to guide management of this entity, 
apart from sporadic case reports and small series. How-
ever, esophageal lymphoma should not be overlooked 
in the differential diagnosis of dysphagia and may be 
particularly prevalent in patients with HIV infection or 
other causes of chronic immunosuppression. Reported 
approaches to esophageal lymphoma treatment are con-
sistent with strategies for lymphomas in general. 

 EPIDEMIOLOGY 

 Carcinomas account for the vast majority of esopha-
geal malignancies. Lymphomatous involvement of the 
esophagus is comparatively rare, accounting for less 
than 1% of all malignant tumors of the esophagus. 
Lymphomas often arise in the gastrointestinal tract, 
most commonly in the stomach, small and large in-
testines; the esophagus is involved in less than 1% of 
cases (1,2). In 1 series of 1,467 extranodal lymphomas, 
only 3 cases of primary esophageal lymphoma were 

recorded (3). Secondary involvement of the esophagus 
through contiguous spread from mediastinal or cervical 
lymph nodes is also more likely to be observed than 
primary esophageal lymphoma. In a retrospective re-
view from the Mayo Clinic, 27 cases of lymphomatous 
involvement of the esophagus were identifi ed (4). Only 
3 were primary esophageal lymphomas; the remainder 
occurred at relapse or due to contiguous spread from 
mediastinal adenopathy. 

 Human immunodefi ciency virus (HIV) infection, 
which is associated with an increased risk of non-
Hodgkin’s lymphoma, also appears to be a risk factor 
for the development of primary esophageal lymphoma 
(5,6). Fewer than 35 cases of primary esophageal lym-
phoma, many of which have been diagnosed in HIV-
infected patients, have been reported in the modern 
medical literature (5,7,8). Esophageal lymphoma has 
also been reported in conjunction with chronic immu-
nosuppression for hepatitis C (9). The role of Epstein-
Barr virus in the development of esophageal lymphoma 
is unknown (10). 

 Sample sizes are too small to reliably assess demo-
graphic trends, although males may be more commonly 
affected than females. Also, esophageal lymphoma in 
HIV-infected patients may present at a younger age than 
those not associated with HIV infection, with a mean 
age of 40 years observed for the former group (5) and 60 
years for the latter (11). 
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 PATHOLOGY 

 Lymphomas are classifi ed based on their lymphocytic 
origin. Hodgkin’s lymphoma arises from a precursor B-
cell called the  Reed-Sternberg cell , which can be identi-
fi ed by its classic “binucleate” appearance and positive 
staining for cell surface markers CD30 and CD15 
(Figure 47.1). Non-Hodgkin’s lymphomas arise from 
a monoclonal expansion of malignant B- or T-cells. 
There are multiple subtypes of B- or T-cell malignan-
cies, each with distinguishing cell surface markers and 
cytogenetics. The most common B-cell surface marker 
is CD20, while the T-cell lineage can be identifi ed by 
the presence of CD2, CD3, and CD7. Several classifi ca-
tion schemes have been developed for NHL, the most 
recent of which is the World Health Organization clas-
sifi cation (Table 47.1).   

 Non-Hodgkin’s lymphoma is the predominant 
histology of esophageal lymphoma, accounting for 
89% of cases in the Mayo series, compared to 11% 
with Hodgkin’s lymphoma (4) Among the reported 
cases of primary non-Hodgkin’s lymphoma, large B-cell 

TABLE 47.1
World Health Organization Classification of Non-Hodgkin’s Lymphoma

B-cell neoplasms
Precursor B-cell neoplasms

B-cell lymphoblastic lymphoma/ leukemia
Peripheral B-cell neoplasms

CLL, SLL
Mantle cell lymphoma
Follicular center lymphoma (grade 1-small cell, 2-mixed, 3-large)
Marginal zone lymphoma

Extranodal (MALT) type +/– monocytoid B-cell
Nodal +/– monocytoid B-cell
Splenic

Hairy cell leukemia
Plasmacytoma /plasma cell myeloma
Diffuse large B-cell lymphoma
Burkitt’s lymphoma, Burkitt’s-like high-grade B-cell lymphoma

T-cell neoplasms
Precursor T-cell neoplasms

T-cell lymphoblastic lymphoma/leukemia
Peripheral T-cell & NK-cell neoplasms

T-cell CLL
Large granular lymphocyte leukemia
Mycosis fungoides/Sezary syndrome
Peripheral T-cell lymphoma
Angioimmunoblastic T-cell lymphoma
Angiocentric lymphoma
Intestinal T-cell lymphoma
Adult T-cell lymphoma/leukemia
Anaplastic large cell lymphoma CD30+

 FIGURE 47.1 

 Hodgkin’s lymphoma, nodular sclerosing type. 

lymphomas appear predominant (Figure 47.2) (9,12). 
However, T-cell non-Hodgkin’s lymphomas have also 
been reported (12,13).   
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 Extra-nodal marginal zone B-cell lymphoma of 
mucosa-associated lymphoid tissue (MALT type lym-
phoma), which is typically associated with  Helicobacter 
pylori  infection of the stomach, has recently been re-
ported in the esophagus (Figure 47.3) (14). In these 
cases, no consistent relationship with  H. pylori  infection 
has been established (14,15).   

 CLINICAL PRESENTATION 

 Dysphagia is the most common presenting symptom 
of esophageal lymphoma, being present in 89% of pa-
tients in 1 series (4). Other symptoms may include ody-
nophagia, chest pain, abdominal pain, weight loss, and 

hoarseness. The onset of such symptoms is often insidi-
ous, with progression of dysphagia over months to years 
(16). Serious complications such as tracheoesophageal 
fi stula may arise from destructive involvement of lym-
phoma (17). 

 There appear to be no characteristic physical ex-
amination fi ndings for primary esophageal lymphoma. 
Palpable lymphadenopathy would suggest that esopha-
geal involvement by lymphoma is secondary. Primary 
lymphoma can arise in all segments of the esophagus 
(11). Secondary involvement of the distal esophagus, 
however, is particularly common from contiguous spread 
from the stomach (18). 

 DIAGNOSIS 

 The rarity of this disease, combined with the absence 
of specifi c signs and symptoms, makes the diagnosis of 
esophageal lymphoma a challenge. Investigators have 
typically invoked the criteria set out by Dawson to dis-
tinguish primary esophageal lymphoma from second-
ary involvement. These criteria include: no superfi cial 
lymphadenopathy, no apparent mediastinal adenopa-
thy, normal white blood cell count, no liver or spleen 
involvement, and primary lesion in the esophagus with 
involvement of only the regional nodes (19). 

 Radiographic manifestations of esophageal lym-
phoma are again varied and nonspecifi c. Commonly, 
it is visualized as an irregular narrowing of the distal 
esophagus, particularly when caused by local extension 
from gastric tumor (20). Barium swallow or computed 
tomography of the chest may reveal stricture formation, 
intramural mass, or polypoid protrusion (21). Positron-
emission tomography, which is now widely used in the 
staging of lymphoma, can also be incorporated into the 
work-up of suspected esophageal lymphoma. 

 Endoscopic ultrasound may assist in characteriz-
ing the submucosal masses and in guiding fi ne-needle 
aspiration for pathologic analysis. The ultrasound ap-
pearance of esophageal lymphoma may demonstrate 
a heterogeneous tumor with mixed isoechoic and hy-
poechoic areas (22). 

 Ultimately, diagnosis must be established through 
biopsy of malignant tissue, which is typically obtained 
with fi beroptic endoscopy of the upper aerodigestive 
tract. However, endoscopic biopsy may yield only nor-
mal or chronically infl amed tissue without evidence of 
malignancy, which has led to reported false-negative 
rates in excess of 30% (21). Sampling error is the pre-
dominant cause: primary esophageal lymphoma usually 
arises in submucosal lymphoid patches, which are not 
always reliably visualized or accessible by biopsy for-
ceps. Consequently, histologic diagnosis may require re-
peat biopsy or even surgical excision. 

FIGURE 47.2

Diffuse large B-cell lymphoma.

FIGURE 47.3

Marginal zone lymphoma.
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 TREATMENT 

 No standardized approach to the treatment of esopha-
geal lymphoma has been established. However, surgery, 
chemotherapy, and radiation therapy have all been uti-
lized, in varying combinations. Secondary involvement 
of the esophagus by lymphoma is typically managed 
with chemotherapy (11). Primary esophageal lym-
phoma, however, has been managed with any combina-
tion of local and systemic modalities. Surgical resection 
may be required to establish a fi rm pathologic diagnosis 
or to manage complications related to locally advanced 
disease. However, as with lymphomas in general, most 
reports have advocated the use of chemotherapy and/or 
radiotherapy as the initial therapeutic approach. 

 A recent review of patients with non-Hodgkin’s 
lymphoma of the esophagus showed that 7 of 13 pa-
tients underwent radiotherapy, with or without subse-
quent chemotherapy (23). External beam doses in the 
range of 40Gy have been employed (12). The choice of 
chemotherapy regimens refl ects standard treatment for 
lymphoma, with the CHOP regimen (cyclophosphamide, 
vincristine, prednisone, and doxorubicin) being particu-
larly widely used (23,13). Older series have reported 
the successful use of MOPP chemotherapy (mecloretha-
mine, procarbazine, vincristine, prednisone) in cases of 
primary Hodgkin lymphoma (24). However, this regi-
men has been replaced by less toxic chemotherapeutic 
combinations such as ABVD (doxorubicin, bleomycin, 

vinblastine, dacarbazine) and Stanford V (doxorubicin, 
vinblastine, mechlorethamine, vincristine, bleomycin, 
etoposide, prednisone). 

 PROGNOSIS 

 The paucity and diversity of reported cases of esophageal 
lymphoma makes prognostic generalizations diffi cult. 
One series of patients with lymphomatous involvement 
of the esophagus included 2 patients with primary non-
Hodgkin’s lymphoma, both of whom achieved long-term 
remission with radiation followed by chemotherapy (4). 
On the other hand, in 1 series of 6 patients, 2 of whom 
had HIV infection, only 1 of the patients achieved sur-
vival in excess of 14 months (23). Encouraging results of 
therapy for Hodgkin’s lymphoma of the esophagus have 
been reported, with 1 review showing survival of 5 years 
or more in 4 of 6 patients, all of whom underwent active 
treatment with 1 or more modalities (24). The success-
ful management of patients with esophageal lymphomas 
depends on the accurate diagnosis of the histologic sub-
type, as treatment recommendations vary substantially 
between Hodgkin’s lymphoma and non-Hodgkin’s lym-
phoma, and even within the subtypes of non-Hodgkin’s 
lymphoma. Clinical outcomes are related to the type of 
lymphoma involving the esophagus, with MALT lympho-
mas and Hodgkin’s lymphomas associated with better 
prognoses than diffuse large B-cell or T-cell sub-types.           
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hile primary esophageal cancer, 
in particular adenocarcinoma, 
is becoming increasingly com-
mon in the United States, the 
incidence of secondary malig-

nancy to the esophagus remains rare. The most com-
mon mode of secondary involvement of the esophagus 
is by direct extension of primary cancer elsewhere in the 
chest or in the abdomen. The incidence of distant cancer 
metastasizing to the esophagus is rarer still, especially 
in clinical series. This chapter will review the pathol-
ogy, clinical presentation, modes of diagnosis, and treat-
ment options for patients with secondary tumors to the 
esophagus that have metastasized from primary tumors 
elsewhere. 

 PATHOLOGY 

 While the ante-mortem diagnosis of metastatic disease 
to the esophagus is exceedingly rare, autopsy studies 
suggest that the overall incidence of metastases to the 
esophagus in patients dying of any kind of cancer is ap-
proximately 6% (1). The most common histology in au-
topsy series performed in North America is breast cancer 
(2). For example, Holyoke et al. reported that as many as 
9% of women dying of breast cancer had foci of tumor 
within the esophagus (3). Breast cancer is also probably 

the most common clinically reported metastatic disease 
to the esophagus, and in particular, lobular carcinoma 
appears to have a predisposition to metastasize to this 
location (4). In the most recently reported autopsy se-
ries, which was performed in Japan, 1,835 cases were 
reviewed for possible metastatic esophageal disease in 
patients dying of cancer (1). Contrary to North Ameri-
can series, lung cancer was most common primary his-
tology, followed by breast cancer. In this study, 11% of 
patients who died from lung cancer developed metasta-
ses to the esophagus. In contrast, data from a large U.S. 
autopsy series including 5,000 cases revealed that only 
4% of patients dying of lung cancer had metastases to 
the esophagus (5). In the recent Japanese study, the most 
common histologic subtype of lung cancer metastatic to 
the esophagus was adenocarcinoma, followed by small 
cell carcinoma. Aside from lung and breast cancer, there 
are numerous clinical reports of other tumors metastatic 
to the esophagus, including cancers of the endometrium, 
kidney, prostate, colon, and malignant melanoma. 
In fact, the fi rst documented case of metastases to the 
esophagus was reported by Gross and Friedman in 1942 
in a patient with prostate cancer (6). Table 48.1 lists in-
cludes case reports and cases series of malignant disease 
metastatic to the esophagus.   

 As mentioned previously, the most common mode 
of spread to esophagus is by contiguous extension of 
a primary cancer in adjacent organs. This should be 

 W
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classifi ed as direct invasion versus true metastatic dis-
ease. A review of 62 cases of secondary esophageal 
neoplasms estimated that 45% were the result of direct 
extension, 36% were due to lymphatic spread from 
mediastinal nodes, and 19% occurred from hematoge-
nous seeding (7). The majority of lymphatogenous me-
tastases develop either in the esophageal submucosa, 
most likely facilitated by the extensive submucosal 
lymphatic plexus, or in the periesophageal lymphatic 
tissue and secondarily invade the esophageal muscle. 
Differentiation between the 2 mechanisms is diffi cult 
and therefore the term  secondary  esophageal cancer 
may be more accurate than  metastatic  esophageal can-
cer. Mucosal involvement by secondary esophageal 
cancer is unusual (8). 

 CLINICAL PRESENTATION 

 The most common clinical presentation of disease met-
astatic to the esophagus is progressive dysphagia. In 
most clinical series, the duration of onset of dysphagia 
after diagnosis of the primary malignancy is impres-
sively long. This is particularly true in cases of breast 
carcinoma where the mean interval from treatment of 
the primary tumor to the development of dysphagia 
has been reported to be as long as 7 to 10 years (9,10). 

However, in cases of patients with lung carcinoma, the 
interval between the presentation of the primary tumor 
and esophageal metastases is usually shorter, and it is 
not uncommon that dysphagia symptoms lead to the di-
agnosis of the primary lung cancer. 

 The usual mode of diagnosis follows the typical 
work-up of dysphagia. Esophagograms generally show a 
tight smooth stricture with normal mucosal pattern and 
indeed the appearance may resemble a benign esopha-
geal stricture. Involvement of a short segment is the rule; 
however, secondary cancer arising from the breast may 
occasionally involve a long segment of the esophagus. 
Such strictures may taper asymmetrically and are usually 
located in the middle third of the esophagus (9,10). In a 
series of 25 cases of secondary esophageal malignancy of 
breast origin, Rampado et al. reported stricture location 
to be in the upper, middle, and lower esophagus in 20%, 
52%, and 28%, respectively (10). Similarly, in a small 
series of secondary esophageal cancers of breast and lung 
origin, Simchuk and Low reported tumor location to be 
in the mid esophagus in 4 out of 6 patients (8). When 
tumor infi ltration progresses and the esophagus be-
comes circumferentially involved, the radiographic fi nd-
ings may mimic primary esophageal cancer. Computed 
tomography (CT) scanning consistently demonstrates 
esophageal wall thickening but usually without an en-
doluminal or extrinsic mass, however, is not diagnostic. 
Data regarding the use of positron-emission tomography 
(PET) in the diagnosis of these metastases are scarce, but 
at least 2 case reports have demonstrated that secondary 
esophageal cancers show increased uptake (10,11). 

 Esophagoscopy typically reveals an intramural 
stricture with smooth, normal-appearing overlying mu-
cosa. In fact, this is a hallmark of metastatic disease to 
the esophagus and this entity must be suspected in any 
patient with this endoscopic feature with a compatible 
clinical history. Occasionally erythematous mucosal will 
be present; however, mucosal biopsies obtained at EGD 
rarely yield a diagnosis. Endoscopic ultrasound (EUS) 
may further delineate the anatomy and may allow histo-
logic diagnosis via transesophageal fi ne needle aspiration 
(FNA) (12). The usual appearance at EUS is esophageal 
wall thickening mainly involving the submucosa or mus-
cularis propria layers with normal mucosa (Figure 48.1). 
Sobel et al. established diagnoses, using EUS-FNA, in all 
5 cases of patients with metastatic breast cancer who had 
esophageal wall thickening, and in 6 of 7 patients who 
had hypoechoic and/or enlarged periesophageal lymph 
nodes. A recent case report described the use of EUS and 
endoscopic mucosal resection (EMR) to provide tissue 
diagnosis in a patient with secondary esophageal cancer 
(13); however, given the profi ciency and apparent accu-
racy of EUS-FNA, it is uncertain whether the more in-
vasive procedure of EMR would be justifi ed for routine 
use, especially in cases where the major involvement is 

TABLE 48.1
Case Reports of Primary Tumors with 

Metastases to the Esophagus

Primary cancer Reference

Lung cancer Abrams et al. (2), Mizobu-
chi et al. (1), Simchuk and 
Low (8), Oka et al. (19)

Breast cancer Rampado et al. (10), Vara-
nasi et al. (14), Ayantunde 
et al. (23), Borst and In-
gold (4), Shimada et al. 
(20)

Renal cancer Trentino et al. (24), de los 
Monteros-Sanchez et al. 
(22)

Malignant melanoma Eng et al. (25)

Endometrial carcinoma Zarian et al. (26)

Ovarian cancer Mizobuchi et al. (1), 
Haney and D’Amico (21)

Colorectal cancer Kagaya et al. (11)

Prostate cancer Gross and Friedman (6)
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in the submucosal and muscularis propria layers with 
normal mucosa.   

 Biopsy material obtained aids in determination of 
the site of the primary tumor, and immumohistochemic 
analysis for estrogen and progesterone receptors, c-erb, 
CA-125, as well as thyroid transcription factor-1 (TTF-1) 
may be useful to confi rm breast, ovarian, or lung cancer 
as the original primary. As secondary tumors progress, 
invasion of adjacent organs such as the trachea and 
bronchus may occur resulting in hemoptysis, stridor, or 
tracheoesophageal fi stula in addition to worsening dys-
phagia (Figures 48.2 and 48.3).   

 TREATMENT 

 Therapy for secondary cancers of the esophagus is di-
rected toward both local treatment of symptomatic 
strictures and therapy for the primary tumor. The latter 
will depend on the histology of the primary tumor, prior 
therapeutic endeavors, and patient performance status, 
but in general will involve systemic chemotherapy or 
hormonal treatment. Local therapeutic options for lumi-
nal narrowing may involve any of the various treatment 
modalities available for the management of esophageal 
strictures in general and can include balloon dilation, 
endoluminal ablative therapy, laser fulgaration, electro-
coagulation, argon plasma coagulatgion (APC), photo-
dynamic therapy (PDT), and /or stent placement. These 
can be used in combination with appropriate therapy for 
the primary malignancy. 

 Endoscopic options include sequential endoscopic 
dilation using either hydrostatic pressure or serial me-
chanical dilators, and placement of self-expanding 

 FIGURE 48.1 

 Patient   with breast cancer metastasis to esophagus. Endo-
scopic ultrasound shows an intact mucosa and submucosa 
with thickened esophageal wall and paraesophageal mass. 

 FIGURE 48.2 

 CT of 64-year-old male with anaplastic thyroid cancer meta-
static to the esophagus who presented with stridor due to 
tracheal invasion. (A) Esophageal wall thickening with prox-
imal dilatation; (B) Tumor mass invading posterior trachea 
with luminal compromise. 

stents. Caution must be exercised in the use of endo-
scopic dilation as several reports have noted a high rate 
of perforation in the use of these treatments (10,14,15). 
It is best to be conservative when dilating malignant 
strictures, and dilation to a luminal diameter of 10 mm 
is usually suffi cient to allow passage of food. Further-
more, placement of covered self-expanding stents will 
usually provide further radial expansion over time. Use 
of non-covered stents is to be discouraged as there have 
been reports of tumor in-growth and stenosis despite ini-
tially intact mucosa (11). 

 The use of radiation therapy for treatment of sec-
ondary esophageal malignancy has been infrequently 
reported. Of 25 patients with metastatic breast cancer 
to the esophagus reported by Rampado et al., only 2 
received radiation therapy as a part of treatment (type 
and dose not specifi ed) (10). Both patients had pro-
longed initial tumor-free intervals (14 and 21 years 
respectively) and had survival of 2.2 and 6.3 years, re-
spectively, following treatment. Experience with endo-
lunimal brachytherapy for palliative management of 
malignant strictures in inoperable esophageal cancer has 
shown effi cacy in dysphagia in 50% to 80% of patients 
(16,17). A recent randomized trial from the Netherlands 
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many as 40% of patients, which is similar to that seen 
with endoluminal stents, and perforation rates range be-
tween 5% and 10% (16,17). 

 For select patients with isolated secondary can-
cers of the esophagus, surgical resection has also been 
reported (1,11,19–22). However, the presence of sub-
mucosal esophageal metastatic disease from a distant 
primary is usually indicative of widespread metastatic 
disease, and the patient is unlikely to respond to local 
therapy alone. Nevertheless, in situations where the 
disease is confi rmed by other imaging studies to be lo-
calized to the esophagus and the disease-free interval is 
long, esophageal resection may be a viable option, as it 
provides good palliation and may occasionally prolong 
survival. Mizobuchi et al. performed esophagectomy on 
3 patients with metastatic disease to the esophagus. A 
patient with lung cancer with synchronous metastasis to 
the esophagus died after 6 months; however, the other 
2 patients (with breast and ovarian cancer) had longer 
metastasis-free intervals (7 and 16 months respectively) 
and survived 4 and 14 years, respectively, after esopha-
gectomy (1). Others have reported better than expected 
survival, particularly in patients with long disease-free 
intervals (Table 48.2).   

 CONCLUSION 

 Esophageal metastatic disease from distant primary can-
cer is exceedingly rare. The most common primaries that 
metastasize to the esophagus are lung and breast cancers, 
but numerous other histologic types have been reported. 
This entity must be suspected in patients with cancer with 

 FIGURE 48.3 

 Rigid bronchoscopy showing secondary esophageal tumor 
invading posterior wall of trachea. The patient has been in-
tubated with an armoured 6 mm endotracheal tube (arrow) 
to maintain the airway. Laser fulgaration and endotracheal 
stent placement was subsequently performed. 

TABLE 48.2
Case Reports of Esophageal Resection for Secondary Cancers of the Esophagus

Author Year
Primary 
tumor

Tumor-free 
interval Treatment Survival Vital status

Shimada et al. (20) 1989 Breast 9 Esophagectomy 5 Alive

Oka et al. (19) 1993 Lung 5 Esophagectomy 2 Alive

Mizobuchi et al. (1) 1997 Ovarian 16 Esophagectomy 
+ pre-op XRT

14 Dead

Mizobuchi et al. (1) 1997 Breast 7 Esophagectomy 4 Dead

Mizobuchi et al. (1) 1997 Lung 0 Esophagectomy 0.6 Dead

Haney and D’Amico (21) 2004 Ovarian 4 Esophagectomy NR NR

de los Monteros-Sanchez et al. (22) 2004 Kidney NR Esophagectomy 1 Dead

Kagaya et al. (11) 2007 Colon 1 Esophagectomy 0.5 Alive

showed that brachytherapy was associated with longer 
dysphagia-free survival, better quality of life, and was 
less expensive compared to covered stent (Ultrafl ex, Bos-
ton Scientifi c) placement for malignant esophageal stric-
ture (18). Persistent or recurrent stenosis can occur in as 
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an esophageal stricture, normal-appearing mucosa, and 
a previous history of malignancy elsewhere. Along with 
therapy for the primary malignancy, palliative options 
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include endoscopic dilation, stenting, and, in selected pa-
tients, surgical resection. Therapy should be individual-
ized the overall prognosis of the patient.             
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he multidisciplinary care team 
(MDCT) approach to the treat-
ment of various malignancies has 
become more prevalent in recent 
years due to the increasing com-

plexity of cancer therapy. Currently, most solid tumors 
require multimodality therapy, often with multiple pos-
sible treatment approaches. For cancers with complex 
treatment algorithms, a productive discussion between 
multiple specialists should lead to more accurate preop-
erative staging and appropriate triage into defi ned treat-
ment pathways. 

 Esophageal cancer is no exception. Although sur-
gical resection remains the only curative treatment op-
tion, several treatment approaches may be considered, 
especially for patients presenting with advanced dis-
ease. MDCTs play a signifi cant role in determining both 
which modalities will be utilized and the sequence of 
treatment strategies. The rapid evolution of chemother-
apeutic regimens and the development of laparoscopic 
and endoscopic approaches to both curative resection 
and palliation require interactions of experts from mul-
tiple disciplines to discuss treatment options and ensure 
delivery of the best possible care. 

 The MDCT approach has been defi ned as the cre-
ation of a tailored treatment plan for each esophageal 
cancer patient based on input from multiple disciplines 
(1). Table 49.1 shows a list of potential team members 

broken down into functional subgroups. The team 
consists of a coordinator and members from multiple 
departments, including treating physicians, diagnostic 
services, support services, and research staff. The roles 
of various team members and the interactions between 
them will be described in detail later in this chapter.      

 Many studies have addressed the role of MDCTs 
in cancer treatment. In the past, retrospective studies 
looking at extremity sarcoma and ovarian cancer found 
improvements in limb salvage and cancer-free survival 
(2,3). In 2006, two retrospective studies compared the 
treatment of esophageal cancer using a MDCT approach 
to the results achieved by individual practicing surgeons. 
Davies et al. demonstrated improved preoperative clini-
cal staging and determination of appropriate therapy (4), 
while Stephens et al. found improved preoperative clini-
cal staging, decreased operative mortality, and improved 
5-year survival with the MDCT approach (5). Although 
no randomized trials have defi nitively confi rmed these 
fi ndings, these studies support the common sense con-
clusion that the effective fl ow of information between 
specialists leads to the best possible patient care. 

 This chapter describes a model for an esophageal 
cancer MDCT. We will outline the goals that the care 
team seeks to accomplish and describe a team structure 
and organization of patient fl ow designed to achieve 
these goals. It concludes with an evaluation of some 
potential pitfalls of MDCT development and potential 
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future directions to ensure quality and ongoing evolu-
tion of team function. 

 GOALS OF THE MDCT APPROACH 

 The goals of the MDCT approach to esophageal cancer 
treatment are outlined in Table 49.2. They begin with 
steps to optimize the care rendered to individual patients 
and their families in both medical and psychosocial 
areas. The MDCT also plays an important role by pro-
viding a framework for research and education. Clinical 
and basic science research advance the understanding of 
esophageal cancer and lead to development of new diag-
nostic and treatment modalities, while a well-structured 
educational program encourages continued MDCT 
growth and development.    

 Development of a Unifi ed Vision 
of Patient Care and Defi ned 

Treatment Pathways 

 Using ongoing dialogue between physicians in surgery, 
medical oncology, radiation oncology, and palliative care 
medicine, the MDCT develops an institution-wide uni-
fi ed approach to the care of esophageal cancer patients. 
Once this has been achieved, this vision can be translated 
into defi ned diagnostic and treatment pathways based 
on the patient’s overall medical condition and clinical 
stage of disease. 

 Accurate Preoperative Staging 

 After the collection of diagnostic studies, cooperative 
evaluation of the results by surgeons, oncologists, gas-
troenterologists, radiologists, and pathologists in MDCT 
meetings leads to more accurate preoperative clinical 
staging, as suggested by the aforementioned studies. 
This approach results in more accurate triage of patients 
into the treatment pathways developed by the MDCT. 

 Clear Communication with Patients 
and Families 

 Conclusions reached in MDCT meetings regarding 
stage of disease, prognosis, and treatment options must 
be clearly and concisely communicated to patients and 
their families. This communication may occur sepa-
rately in each specialist’s own clinic or in a common 
esophageal cancer care clinic in which each group of 
treating physicians is represented. In the latter set-
ting, patients have one cohesive group discussion with 
multiple team members involved in their case during a 
single offi ce visit, rather than via several isolated discus-
sions with different doctors at different times. Although 
logistically more diffi cult, this approach provides the 
most streamlined fl ow of information from physicians 
to their patients. 

 Patient and Family Psychosocial Support 

 Nursing specialists, social workers, and palliative care 
specialists form the psychosocial support network of the 
MDCT. These services are available to help patients and 
their families through the diffi cult process of cancer di-
agnosis and treatment. Participation in team meetings 
provides these professionals with detailed knowledge of 

TABLE 49.1
Multidisciplinary Care Team Members

Administrative staff
 MDCT coordinator
Oncologists
 Esophageal surgeons
 Medical oncologists
 Radiation oncologists
Diagnostic Services
 Gastroenterologists
 Pathologists
 Radiologists
Support Services
 Nurse specialists
 Nutritionists
 Palliative care team
 Physical therapy
 Smoking cessation team
 Social workers
Research Staff

TABLE 49.2
Goals of the Multidisciplinary Care Team

1.  Development of an institution-wide, unified vision for 
treatment of esophageal cancer

2.  Creation of defined diagnostic and treatment 
pathways

3. Accurate preoperative clinical staging of disease
4.  Clear communication with patients regarding disease 

staging, prognosis, and treatment options
5.  Provision of psychosocial support for patients and 

their families
6.  Provision of a framework for research and 

development
7.  Provision of a forum for education and continued evo-

lution of team function
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a patient’s clinical condition, prognosis, and treatment 
plan, giving them insight into the particular stresses faced 
by individual patients and their family members. They 
can then provide psychosocial support within the con-
text of the overall care plan developed by the MDCT. 

 Provide a Framework for Research 
and Development 

 Treatment of patients within the context of a MDCT places 
them in an environment conducive to prospective data col-
lection regarding diagnostic work-up, treatment, quality 
of life, and other variables. Our experience suggests that 
the streamlined process of diagnostic testing and effective 
fl ow of communication in this setting leads to increased 
patient satisfaction and enrollment in research protocols. 
Dedicated research specialists can organize research ef-
forts, identify patient eligibility for trials, and facilitate pa-
tient participation as the MDCT deems appropriate. 

 Provide a Forum for Education 
and Innovation 

 A well-organized education program, including CME 
(continuing medical education) credit for the participating 
members, encourages ongoing education and discussion 
about the evolving fi eld of esophageal cancer care. These 
meetings can ultimately lead to implementation of new ap-
proaches and evolution of the team’s diagnostic and treat-
ment pathways. These efforts also support the group’s 
research interests by providing a forum for generating hy-
potheses for new directions in research and development. 

 MDCT STRUCTURE AND FUNCTION 

 The MDCT consists of members from several disci-
plines who work together to guide patients through the 
diagnosis, treatment, and surveillance of their disease. 
Several small groups within the MDCT work in conjunc-
tion with one another to carry out the team’s care plans. 
The structure of these subgroups and their interactions 
with one another create the framework for patient fl ow 
within the MDCT system. 

 Team Members 

 Administrative Staff 

 The team coordinator leads the administrative staff, 
which is responsible for monitoring the administration 
of the entire system. The coordinator schedules meetings 
and clinics and ensures that all relevant patient infor-
mation is available for team meetings. This group also 
records all decisions regarding patient diagnosis and 

treatment plans and coordinates efforts to track success-
ful treatment plan implementation and follow-up. 

 Treating Physicians 

 This portion of the team consists of the treating phy-
sicians, including surgeons, medical oncologists, radia-
tion oncologists, and in some cases, gastroenterologists 
and palliative care physicians. These members develop 
a cohesive description of the patient’s clinical stage of 
disease and treatment options and communicate this in-
formation to the patient. They also work together with 
the patient to decide upon a defi nitive course of treat-
ment and carry out this plan. 

 Diagnostic Services 

 This unit is composed of gastroenterologists, patholo-
gists, and radiologists. The gastroenterologist serves as 
the point of entry for patients into the MDCT and coor-
dinates the diagnostic work-up of the patients according 
to the team’s established protocols. When the desired di-
agnostic testing is complete, these physicians collaborate 
with the treating physicians in the MDCT meeting to 
accurately stage the patient’s cancer. 

 Support Services 

 Palliative care specialists, nurse specialists, social work-
ers, psychologists, nutritionists, physical therapists, and 
the smoking cessation team comprise this diverse group. 
These services work to deliver day-to-day care and sup-
port to patients and their families as dictated by the in-
dividual treatment plan. The participation of each group 
in MDCT meetings provides a context for the MDCT to 
understand the challenges facing patients and their fam-
ily to a degree that would not be possible if each group 
worked in isolation. 

 Research Staff 

 The research staff works to coordinate basic science re-
search efforts and clinical trials within the MDCT. They 
also oversee patient enrollment and follow-up within the 
context of clinical trials. The research staff is also involved 
in the educational component of the MDCT and devel-
opment of new research and development protocols. 

 Patient Flow and Interaction of 
Various Patient Care Groups 

 Although the patient care groups within the MDCT 
may often work in isolation, effi cient communication of 
information between these groups is imperative for the 
optimal functioning of the MDCT. Figure 49.1 outlines 
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FIGURE 49.1

Patient flow in the multidisciplinary care team system.
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patient fl ow through the MDCT system and highlights 
the times when the MDCT meet together to ensure ef-
fective communication. Each patient’s diagnosis and 
treatment plan are discussed by all team members dur-
ing the fi rst MDCT meeting. At this time all members of 
the team develop a clear understanding of the patient’s 
prognosis and treatment plan and can form their own 
action plan within this context.       

 After this meeting is completed, the patient is seen 
by members of the team in the common esophageal care 
clinic. Coherent discussions with patients determine 
a defi nitive course of action. The entire MDCT meets 
again after the initiation of treatment so that all team 
members have a detailed understanding of the patient’s 
progression through the treatment plan. 

 The research and educational meetings occur out-
side of the realm of direct patient care. It is important 
to organize a CME program to encourage participation 
of all team members. These meetings serve to keep team 
members abreast of new developments in the fi eld of 
esophageal cancer and to stimulate discussion and gen-
erate questions for research projects within the group. 

 CONCLUSION AND FUTURE DIRECTIONS 

 The development of patient MDCTs for the treatment of 
esophageal cancer is an important step in the treatment 
of this infrequent and complex disease. The cooperation 
of multiple disciplines and the effi cient fl ow of informa-
tion between physicians are vital to ensuring the best 
possible patient care. 

 In order to achieve this level of care, however, a 
couple of important situations must exist. First, the 
esophageal cancer MDCT requires a great deal of sup-
port from the hospital in order to succeed. This sup-
port comes in the form of physical space within cancer 
centers for the multispecialty cancer care clinic as well 
as support of the group’s educational and research 
activities. This should include the development of a 
CME program for attendance of the group’s academic 
conferences. 

 The second important step is the development of 
ways to monitor team function and evaluate outcomes. 
Team meetings and combined clinics will only work to 
the degree that the treatment plans formulated by the 
team are enacted properly and fully by all team mem-
bers. In the United Kingdom, Blazeby et al. tracked the 
rate of successful implementation of MDCT treatment 
plans for upper gastrointestinal cancers and found a 
15% failure rate (6). The most common reasons for al-
terations in treatment were unrecognized comorbidities 
and patient choice, highlighting the need for improved 
communication between physicians and patients. To 
allow critical assessment and improvement of team 
function, MDCTs must develop effective systems for 
monitoring treatment plan implementation and treat-
ment outcomes. 

 The MDCT approach to the treatment of esopha-
geal cancer is still in the early stages of its development, 
and much work remains to refi ne the process. The pur-
suit of highly functioning MDCTs will ultimately provide 
the highest possible level of oncologic and psychosocial 
care for esophageal cancer patients and their families. 

References
 1. Jobe BA, Enestvedt CK, Thomas CR Jr. Disease-specifi c multidisciplinary care: 

a natural progression in the management of esophageal cancer. Dis Esophagus. 
2006;19:417–418.

 2. Morton DL, Eilber FR, Townsend Jr. CM, et al. Limb salvage from a multidisciplinary 
treatment approach for skeletal and soft tissue sarcomas of the extremity. Ann Surg. 
1976;184:268–278.

 3. Junor EJ, Hole DJ, Gillis CR. Management of ovarian cancer: referral to a multidisci-
plinary team matters. Br J Cancer. 1994;70:363–370.

 4. Davies AR, Deans DA, Penman I, et al. The multidisciplinary team meeting improves 
staging accuracy and treatment selection for gastro-esophageal cancer. Dis Esophagus. 
2006;19:496–503.

 5. Stephens MR, Lewis WG, Brewster AE, et al. Multidisciplinary team management is 
associated with improved outcomes after surgery for esophageal cancer. Dis Esopha-
gus. 2006;19:164–171.

 6. Blazeby JM, Wilson L, Metcalfe C, et al. Analysis of clinical decision-making in multi-
disciplinary cancer teams. Ann Oncol. 2006;3:457–460.





369

  50    Informed Consent in the 
Esophageal Cancer Patient 

 Scott R. Sommers 
 Paul R. Helft 

he foundation of traditional theo-
ries of consent to treatment lies in 
the law of battery. The notion of 
informed consent can be traced to 
2 landmark cases from the early 

20th century. In the most recognized decision address-
ing informed consent, Justice Cardozo stated: “Every 
human being of adult years and sound mind has a right 
to determine what shall be done with his own body; 
and a surgeon who performs an operation without 
his patient’s consent commits an assault for which he 
is liable in damages” (1). Justice Cardozo’s statement 
is the hallmark of most appellate cases about consent, 
informed consent, or the right to refuse treatment. Ad-
ditionally,  Mohr v. Williams  affi rmed “the right to the 
inviolability of [a patient’s] person,” which no surgeon, 
no matter how eminent or skillful, may violate without 
consent (2). In this case, the physician obtained Anna 
Mohr’s consent for an operation on her right ear. In the 
course of her surgery, a surgically correctable problem 
concerning the patient’s left ear was instead discovered, 
and the surgeon proceeded to operate on the left ear. 
The Minnesota Supreme Court found that the physician 
should have obtained the patient’s consent to the sur-
gery on the left ear. The judge decided that a physician 
needs to advise a patient of all the information related 
to a particular procedure and must review all the risks 

and benefi ts. Only after this exchange does the patient 
enter into a contract, a contract that authorizes the phy-
sician to operate  only  to the extent of the consent given. 
Regrettably, legal history has shaped our understand-
ing of informed consent and created a culture in which 
informed consent represents a legalistic protection from 
liability. 

 In fundamentally important ways, informed con-
sent should be viewed as a  process  rather than as an 
 event.  Informed consent in the  ethical  sense can only 
evolve from a meaningful discussion between patients 
and physicians that deepens a patient’s understand-
ing and takes account of patients’ preferences, desires, 
and fears. This mutual or bilateral method of informed 
consent has been called  shared decision making  (3,4). 
Others have described this as patient-centered commu-
nication (5) or as the doctor-patient accommodation 
(6). Informed consent in the context of such a shared 
dialogue removes the “doctor knows best” paternalism 
and generates a discussion that helps properly inform 
patients and ultimately enhances their autonomy. 

 This idealized concept of shared decision making 
becomes complex in the patient with esophageal cancer. 
Although physicians and patients must fi nd ways to ac-
commodate the 4 main elements of informed consent for 
a medical decision or treatment—competence, disclosure 
of information, comprehension, and voluntariness—the 
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disclosure of useful and pertinent information and as-
suring patients’ comprehension cannot be accomplished 
in straightforward ways. We believe that there are 5 is-
sues that complicate the process of informed consent in 
patients with esophageal cancer. First, the overall out-
comes for esophageal cancer are poor, even in patients 
with ostensibly curable stages of disease at presentation. 
Second, the precise relative and absolute benefi ts of ther-
apy, particularly in the adjuvant setting, remain uncertain 
and controversial. Third, both the therapies employed in 
the treatment of esophageal cancer as well as the disease 
itself greatly affect patients’ quality of life. The actual 
impact of disease and therapy on quality of life is chal-
lenging to communicate successfully to patients. Fourth, 
helping patients to arrive at an adequate understanding 
of prognosis, potential risks, and benefi ts of therapy is 
dependent upon the physician’s ability to communicate 
information and patients’ ability to receive and process 
information in ways that achieve understanding. Fifth, 
patients have varying information and decision-making 
preferences. These preferences vary with respect to the 
quantity of information desired, the format in which in-
formation is presented, and change with time and with 
altered clinical status. Also, patients’ preference for en-
gagement in decision making varies considerably. Such 
preferences must be taken into account in an idealized 
model of shared decision making. 

 Thus, assuring informed consent in patients with 
esophageal cancer is problematic. We will discuss each 
of these issues in turn. Subsequently, we will make sug-
gestions to help those caring for patients with esopha-
geal cancer to recognize and address the complexities 
surrounding shared decision making in this patient 
group. 

 ISSUE 1: POOR OUTCOMES 

 The 5-year survival rate for esophageal cancer was 
4% from 1961 to 1989 and increased to 10.5% from 
1990 to 1996 (7). Some authors have suggested that 
these increases in survival are related to improvements 
in detection (attributed to the increasing frequency of 
endoscopy), advancements in surgical techniques, and 
improvement in therapies, including concomitant radia-
tion and chemotherapy (7,8). Despite these advances, 
the relative 5-year survival rates in the United States for 
patients at diagnosis was 14.3% from 1995 to 2000 for 
all stages (9). Even in patients undergoing surgical re-
section of limited regional disease with curative intent, 
5-year survival rates are 20% to 40% in clinical trials 
(10,11). Such statistically poor outcomes make careful 
assessment and communication of risks and benefi ts 
of therapy vital for patients facing diffi cult therapeutic 
decisions. 

 ISSUE 2: UNCERTAIN BENEFITS 
OF THERAPY 

 The most controversial clinical question in the therapy 
of patients with esophageal cancer concerns the benefi ts 
of adjuvant therapy. Establishing the benefi ts of adjuvant 
therapy defi nitively has been complicated by diffi cul-
ties in accruing patients to clinical trials, imperfect trial 
methodologies, and by the changing epidemiology of the 
disease over the past 2 decades. Most important, because 
of the major shift in North America and, to a lesser ex-
tent, Western Europe from predominantly squamous 
cell histology to adenocarcinoma, further uncertainties 
regarding the validity and applicability of previous clini-
cal research to current patient groups have arisen (8,12). 
Indeed, most of the salient studies are limited to patients 
with squamous cell histology. Several studies have dem-
onstrated that squamous cell carcinomas can behave 
quite differently from adenocarcinoma clinically (7,8). 
Our purpose is not to provide a systematic review of the 
many studies, but rather to highlight the reasons why 
the evidence has not defi nitively answered important 
therapeutic questions. 

 Table 50.1 outlines several selected studies concern-
ing preoperative chemotherapy. A Cochrane Review of 
11 randomized clinical trials in 2006 compared preop-
erative chemotherapy and surgery versus surgery alone 
(21). Preoperative chemotherapy provided a statistically 
signifi cant survival difference at 5 years (RR = 1.44, 
95% CI; 1.05–1.97;  P  = 0.02). Another recent meta-
analysis evaluated the patient-based data from 9 trials 
(2,102 patients). The overall survival favored preopera-
tive chemotherapy (HR = 0.87, 95% CI 0.79–0.95,  P  = 
0.003) (22). Conversely, in a meta-analysis by Urschel 
and colleagues (23), no signifi cant difference in survival 
was noted at 1, 2, and 3 years. Many believe the con-
tradictory evidence is largely due to the heterogeneity of 
the study protocols, but these confl icted analyses make 
defi nitive conclusions regarding the benefi ts of neoad-
juvant chemotherapy problematic. Although all of the 
protocols used cisplatin-based regimens, concomitant 
agents, doses, and cycles completed varied among stud-
ies. Moreover, most of these studies included primarily 
patients with squamous cell cancers.   

 Preoperative chemoradiation has been the de facto 
standard of care for operable esophageal cancer in the 
United States for several years. Table 50.2 summarizes 
several trials of preoperative chemoradiation in patients 
with respectable esophageal cancer. Walsh and col-
leagues (27) did detect a statistically signifi cant survival 
advantage in patients who received neoadjuvant chemo-
radiation; however, this study has been widely criticized 
for the poor outcome in its surgical arm, lack of preop-
erative CT scans, premature closure, and short follow-
up (32,33). Three meta-analyses have undertaken the 
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task of evaluating preoperative chemoradiation. Of the 
3, 1 favored chemoradiation, while the remaining 2 did 
not fi nd a benefi t (32,34,35). As noted with preopera-
tive chemotherapy, these studies are quite heterogeneous 
and include mostly patients with squamous cell histol-
ogy. Many of the others were plagued with poor patient 
accrual and thus underpowered. Defi nitive randomized 
trials of adjuvant chemoradiation are thus lacking.   

 There have been 3 randomized clinical trials (36–38) 
evaluating postoperative chemotherapy (using cisplatin 
regimens) to surgery alone in patients with squamous 
cell carcinoma of the esophagus. These studies failed to 
demonstrate a signifi cant survival advantage with post-
operative chemotherapy (32,39). In evaluating patients 
with gastric and gastroesophageal junction tumors, 
MacDonald and colleagues (40) evaluated postoperative 
fl uorouracil and radiation. Median overall survival was 
36 months versus 27 months, favoring the postoperative 
tri-modal therapy. 

 In metastatic disease, treatment outcomes are quite 
dismal. Levard and colleagues (41) compared cisplatin 
and 96-hour infusional fl uorouracil to the best support-
ive care in the palliative setting. There was no survival 
benefi t for chemotherapy over supportive care. Indeed, 
there are no defi nitive trials in the setting of metastatic 
esophageal cancer that have been proven to prolong sur-
vival over the best supportive care. 

 Cisplatin-based regimens have been the standard 
for combination therapy in metastatic or locally ad-
vanced disease. The earliest platinum-based regimens 
with combination cisplatin included bleomycin, mito-
mycin, methotrexate/bleomycin, vindesine, and vinblas-
tine and were associated with response rates of 23% 
to 33% (42–48). More recent regimens have produced 
similar survival rates and improvements in quality of 
life (i.e., improvement in dysphagia) with fewer side ef-
fects (42). Selected cisplatin regimens are summarized in 
Table 50.3. Usual response rates are around 30%. Few 

TABLE 50.1
Preoperative Chemotherapy and Surgery versus Surgery Alone

Reference
Histology & 
number Treatment regimen

Median survival 
(chemo/surg vs. 
surg) (in months)

Three-Year survival 
(chemo/surg 

vs. surg)

Law et al., 
1997 (13)

SC, 147 patients FUP x 2 cycles + esophagectomy 
vs. esophagectomy alone

16.8 vs. 13 
(p = 0.03)

38% vs. 14%

Schlag et al., 
1992 (14)

SC, 46 patients FUP x 3 cycles + esophagectomy 
vs. esophagectomy alone

7.5 vs. 5 NR

Nygaard et al., 
1992 (15)

SC, 106 patients Cisplatin /Bleomycin + esophagec-
tomy vs. esophagectomy alone

7 vs. 7 3% vs. 9%

Miapang et al., 
1994 (16)

SC, 46 patients Cisplatin /Vinblastine/Bleomycin 
+ esophagectomy vs. esophagec-
tomy alone

17 vs. 17 31% vs. 36%

Kok et al., 
1997 (17)

SC, 160 patients Cisplatin /Etoposide x 2 cycles 
(responders received an extra 2 
cycles) + esophagectomy vs. 
esophagectomy alone

18.5 vs. 11 
(p = 0.002)

NR

Kelson et al., 
1998 (18)

SC + AC, 467 
patients

FUP x 3 cycles + esophagectomy 
(responders received an extra 2 
cycles postoperatively) vs. 
esophagectomy alone

14.9 vs. 16.8 42% vs. 45%

Ancona et al., 
2001 (19)

SC, 94 patients FUP x 2 cycles + esophagectomy 
vs. esophagectomy alone

25 vs. 24 44% vs. 41%

MRC 2002 (20) SC + AC, 802 
patients

FUP x 2 cycles + esophagectomy 
vs. esophagectomy alone

16.8 vs. 13.3 
(p = 0.004)

48% vs. 36%

Note: Only statistically significant P values shown; if not shown, results were not significant. Abbreviations: NR = not reported; 
SC = squamous cell; AC = adenocarcinoma; FUP = cisplatin /fluorouracil; MRC = Medical Research Council.
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patients achieve a complete response, and median sur-
vival times are less than 11 months.   

 Many non-cisplatin regimens have also been evalu-
ated. These regimens also provide similar response rates 
and median survival times. Many have argued that some 
regimens provide improved toxicity profi les, but there is 
little consensus agreement. Table 50.4 summarizes some 
selected non-cisplatin regimens.   

 In none of the treatment settings summarized are 
there defi nitive data to answer important clinical ques-
tions, and so recommendations to patients and prac-
tice patterns must necessarily be based on inadequate 
evidence. This lack of defi nitive data makes informing 
patients of the benefi ts of adjuvant therapy challenging. 

Patients may equate uncertainty of data with uncer-
tainty of their physician’s recommendation. Moreover, 
in cases in which patients are at greater risk of toxicity 
from therapy, physicians may feel even greater pressure 
to help patients achieve a nuanced understanding of the 
risks and benefi ts of the treatments offered. 

 ISSUE 3: QUALITY OF LIFE 

 For patients with early stage disease, the morbidity and 
mortality of esophagectomy are considerable. Opera-
tive mortality currently ranges approximately from 6% 
to 10% overall (76,77). Signifi cant morbidity occurs in 

TABLE 50.2
Preoperative Chemoradiation and Surgery versus Surgery Alone

Reference
Histology & 
number Treatment regimen

Median survival 
(chemoradiation  /surg 
vs. surg.) (in months)

Three-Year survival 
(chemo/surg vs. surg)

Nygaard et al., 
1992 (15)

SC, 103 
patients

Cisplatin /Bleomycin x 2 cycles 
+ 35 Gy XRT + esophagec-
tomy vs. esophagectomy alone

7 vs. 7 17% vs. 9%

Le Prise et al., 
1994 (24)

SC, 86 patients FUP x 2 cycles + 20 Gy XRT+ 
esophagectomy vs. esophagec-
tomy alone

11 vs.11 19% vs. 14%

Apinop et al., 
1994 (25)

SC, 69 patients FUP x 2 cycles +40 Gy XRT + 
esophagectomy vs. esophagec-
tomy alone

9.7 vs. 7.4 26% vs. 20%

Bosset et al., 
1994 (26)

SC, 282 
patients

Cisplatin x 2 cycles + 37 Gy 
XRT + esophagectomy vs. 
esophagectomy alone

18.6 vs. 18.6 39% vs. 37%

Walsh et al., 
1996 (27)

AC, 113 
patients

FUP x 2 cycles + 40 Gy XRT + 
esophagectomy vs. esophagec-
tomy alone

16 vs. 11 (p = 0.01) 32% vs. 6%

Urba et al., 
2001 (28)

SC + AC, 100 
patients

Cisplatin /Vinblastine x 2 
cycles + 21 days 5-FU + 45 
Gy XRT + esophagectomy vs. 
esophagectomy

17.6 vs. 16.9 30% vs. 14%

Burmeister et al., 
2002 (29)

SC + AC, 256 
patients

FUP + 35Gy + esophagectomy 
vs. esophagectomy

22.2 vs. 19.3 NR

Natsugoe et al., 
2006, (30)

SC, 53 patients FUP + 40 Gy XRT + esopha-
gectomy vs. esophagectomy 
alone

NR *5 year 57% vs. 14% 
(p = 0.58)

Tepper et al., 
2007 (31) 

SC + AC, 56 
patients

FUP x 2 cycles + 50 Gy 
XRT + esophagectomy vs. 
esophagectomy

*Median Survival 4.5yrs 
vs. 1.8yrs

*5 year 39% vs. 16% 

Note: Only statistically significant P values shown; if not shown, results were not significant. Abbreviations: NR = not reported; SC = squa-
mous cell; AC = adenocarcinoma; FUP = cisplatin/fluorouracil; Gy = Gray; XRT = radiotherapy; 5-FU = fluorouracil.
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TABLE 50.3
Cisplatin-Based Regimens for Advanced Esophageal Cancer

References Treatment regimen Histology
Number 
pt (n)

Response 
rate 

(95% CI)
CR rate 

(%)
Median 

survival (mo)

Bleiberg et al., 
1997 (49)

Cisplatin /FU SC 88 34% 
(24%–44%)

2% 7.9

Hayashi et al., 
2001 (50)

Cisplatin /FU SC 36 33% 
(19%–55%)

3% 6.7

Hsu et al., 
2002 (51)

Cisplatin /methotrexate/
FU +LV

SC + AC 26 28% 
(12%–49%)

0 5

Ilson et al., 
1998 (52)

Cisplatin /FU/paclitaxel SC + AC 60 48% 
(35%–61%)

12% 10.8

Polee et al., 
2001 (53)

Cisplatin /FU/LV/
etoposide

SC 69 34% 
(22%–46%)

4% 9.5

Conroy et al., 
2002 (54)

Cisplatin /Vinorelbine SC 75 34% 
(23%–46%)

0 6.8

Kok et al., 
1996 (55)

Cisplatin /etoposide SC 65 48% 
(35%–60%)

8% NR

Spiridonidis 
et al., 1996 
(56)

Cisplatin /etoposide AC 27 48% 
(36%–74%)

19% 9.8 

Ilson et al., 
2000 (57)

Cisplatin /
paclitaxel

 SC + AC 32 38% 
(24%–54%)

NR 6.9

Petrasch et al., 
1998 (58)

Cisplatin /paclitaxel SC + AC 20 40% (NR) 15% NR

Ajani et al., 
2005 (59)

Cisplatin /docetaxel 
+/-FU (DC vs. DCF)

 AC DC = 76 
DCF = 79

26% = DC 
43% = DCF

NR 9.6 = DC 
10.5 = DCF

Ilson et al., 
1999 (60)

Cisplatin /
irinotecan

SC + AC 35 57% 
(41%–73%)

6% 14.6

Mackay et al., 
2001 (61)

Cisplatin /epirubicin /
raltitrexd

AC 21 29% 
(11%–52%)

NR 4.5

Corporaal et al., 
2006 (62)

Cisplatin /epirubicin / 
capecitabine

AC 23 57% NR 9.0

Urba et al., 
2004 (63)

Cisplatin /gemcitabine SC + AC 64 NR NR 7.3

Millar et al., 
2005 (64)

Cisplatin /gemcitabine SC + AC 42 45% 7% 11.0

Note: Some of these studies included locally advanced cancer which cannot be evaluated by RECIST criteria. Abbreviations: NR = not 
reported; SC = squamous cell; AC = adenocarcinoma; CI = confidence interval; IFF = irinotecan /FU/FA; IC = irinotecan /cisplatin; FU = 
fluorouracil; LV = leucovorin; FA = folinic acid; DC = docetaxel /cisplatin; DCF = docetaxel /cisplatin /FU.

up to 50% of patients undergoing esophagectomy (78). 
When 7,500 surgical patients were evaluated for types 
of surgical complications, they ranged from cardiac 
(6%–20%), pulmonary (13%–19%), anastomotic leak 
(7%–14%), vocal cord paralysis (4%–10%), wound in-

fection (4%–8%), and chylous leakage (1%–2%) (77). 
Several studies have shown that quality of life (QoL) sig-
nifi cantly deteriorates in the early postoperative period 
with the exception of emotional QoL (79–82). Length 
of full recovery after surgery is generally estimated to be 
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TABLE 50.4
Non-Cisplatin–Based Regimens for Advanced Esophageal Cancer

References
Treatment 
regimen Histology

Number 
pt (n)

Response 
rate (95% CI)

CR rate 
(%)

Median 
survival (mo)

Kelsen et al., 
1992 (65) 

Interferon 
α-2a /FU

SC + AC 37 27% 
(13%–41%)

3% 6.4

Airoldi et al., 
2003 (66)

Docetaxel /
vinorelbine

SC 20 60% 15% 10.5

Morgan-Meadows 
et al., 
2005 (67)

Gemcitabine /
FU/LV

SC + AC 35 31% 3% 9.8

Burge et al., 
2006 (68)

Irinotecan /
capecitabine

AC 31 32%
(16%–52%)

NR 10.0

Pozzo et al., 
2004 (69)

Irinotecan /FU /FA 
(IFF) vs. Irinote-
can /cisplatin (IC)

AC 59 (IFF) 
56 (IC)

42% (IFF) 
32% (IC)

5% (IFF) 
2% (IC)

10.7 (IFF) 
6.9 (IC)

Jatoi et al., 
2002 (70)

Irinotecan /
docetaxel

AC 46 26% 
(14%–41%)

0 7.3

Lordick et al., 
2003 (71)

Irinotecan /
docetaxel

SC + AC 24 12.5% 
(3%–32%)

0 NR

Lorenzen et al., 
2005 (72)

Capecitabine /
docetaxel

SC + AC 24 46% 4% 15.8

Mauer et al., 
2005 (73)

Oxaliplatin /
LV/FU

SC + AC 34 40% 
(24%–57%)

3% 7.1

El-Rayes et al., 
2004 (74)

Carboplatin /
paclitaxel

SC + AC 35 43% 
(30%–58%) a

NR 9.0

Braybrooke et al., 
1997 (75)

Mitomycin 
C /etoposide

AC 26 15% 
(4%–35%)

NR 6.0

aThese were 90% CI.
Note: Some of these studies included locally advanced cancer which cannot be evaluated by RECIST criteria. Abbreviations: NR = 
not reported; SC = squamous cell; AC = adenocarcinoma; CI = confidence interval; IFF = irinotecan /FU /FA; IC = irinotecan /cisplatin; 
FU = fluorouracil; LV = leucovorin; FA = folinic acid; DC= docetaxel /cisplatin; DCF = docetaxel /cisplatin /FU.

around 9 to 12 months (77). Unfortunately, most recur-
rences occur within 18 to 24 months after surgery (83). 
In 1 study of patients undergoing tri-modal therapy, 
all patients who relapsed did so in the 18 months after 
esophagectomy (84). The obvious implication is that be-
tween half and two-thirds of patients’ time to recurrence 
is occupied with surgical recovery and poor QoL. Long-
term data concerning QoL in patients with esophageal 
cancer have been diffi cult to obtain because the 1-year 
survival rate following esophagectomy is only 65% (81). 
High attrition rates make the QoL data diffi cult to in-
terpret. In 1 study of patients who died within 2 years 
of surgery, QoL continued to worsen after surgery and 
never recovered before death (78). With a long recovery 
period and early recurrence, patients who have recur-

rent disease may never achieve and/or sustain good QoL 
before death. 

 Although surgical therapy of esophageal cancer 
entails the greatest morbidity, neoadjuvant therapy, par-
ticularly chemoradiation, causes signifi cant morbidity 
as well. The Cancer and Leukemia Group B trial 9781 
reported grade 3 esophagitis/dysphagia in 40% of pa-
tients undergoing preoperative chemoradiation (31). 
Herskovic and colleagues reported that 50% of patients 
receiving combination chemoradiation developed at 
least 1 grade 3 toxicity (85). Treatment-related mortal-
ity for chemoradiation has been reported to be between 
1% and 6% in selected studies (86). 

 Scores of QoL have been noted to deteriorate quickly 
during neoadjuvant chemotherapy and then fall further 
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during concomitant radiation therapy (87). Scores gener-
ally recover prior to esophagectomy. In 1 study, patients 
who underwent surgery alone reported signifi cantly 
worse QoL after surgery than those who received neoad-
juvant therapy. In another prospective study, QoL scores 
in the fi rst year after surgery did not differ between the 
2 groups (79). 

 The evidence regarding the impact of chemotherapy 
on QoL in advanced disease is less clear. Epirubicin, cis-
platin, and 5-fl uorouracil in 74 patients with metastatic 
esophageal cancer showed no benefi t in QoL between 
responders and non-responders, though pain scores 
were improved in the responders (88). In another study, 
35 patients receiving irinotecan and cisplatin for meta-
static disease, scores improved in both responders and 
non-responders (60). In a study of 71 patients receiving 
vinorelbine and cisplatin for metastatic disease, response 
to chemotherapy was associated with an improvement 
in QoL scores (54). Patients with stable or progressive 
disease generally had no decrease in QoL scores after 2 
cycles. 

 Thus, the therapies available for the treatment of 
esophageal cancer all involve signifi cant toxicity and 
have a major impact on quality of life. Helping patients 
to arrive at a fuller understanding of these signifi cant 
risks is an important challenge in informed consent for 
treatment. 

 ISSUE 4: PATIENTS’ UNDERSTANDING 

 Most authorities on informed consent agree that an in-
formed consent discussion should include the following 
elements: (a) the nature of the decision/procedure, (b) 
realistic alternatives to the planned decision/interven-
tion, (c) the relevant risks, (d) possible benefi ts, (e) an 
appraisal of patient understanding, and (f) acceptance 
of the intervention by the patient. In addition, a pa-
tient must possess suffi cient decision-making capacity 
to make the decision, and the decision must be arrived 
at in a voluntary way. In many cases, assuring that pa-
tients understand enough about each of these elements is 
problematic. For example, there is a signifi cant body of 
evidence that suggests that multiple features of patients’ 
psychology, educational level, socioeconomic and cul-
tural circumstances, and health literacy and numeracy 
may affect their ability to understand important infor-
mation presented to them during the course of making 
a major medical decision (89). Thus, the clinician must 
fi nd ways of accounting for all of these factors in leading 
patients through an informed consent process. 

 Unfortunately, several studies have found that many 
patients do not understand the status of their disease 
or the intentions of treatment. Survival is often greatly 
overestimated. One study revealed that only 44% of 

 patients correctly recalled side effects of treatment and 
only 33% correctly recalled the prognosis properly (90). 
Such misconceptions may infl uence patients’ decisions 
to undertake therapy (91). Despite reports by physicians 
that discussions of prognosis occurred, patients’ esti-
mates of survival remain inadequate (92,93). 

 Finally, we note that patients’ choices are not al-
ways strictly logical. Jansen and colleagues found that 
40% of breast cancer patients would choose to undergo 
chemotherapy, even when there was zero likelihood of 
benefi t (94). 

 ISSUE 5: INFORMATION AND 
DECISION-MAKING PREFERENCES 

 To complicate matters further, patients’ preferences for 
both information and level of engagement in decision 
making often vary. For example, much of the literature 
about prognostic communication suggests that patients 
desire full information about prognosis (5). In evaluating 
a group of heterogeneous cancer patients, Jenkins and 
colleagues found that 87% of patients wanted all infor-
mation, whether it was good or bad (95). Patients tend 
to desire information regarding chances of cure, extent 
of disease spread, possible side effects of treatment, life 
expectancy, and the effects of the malignancy on their life 
(96,97). Patients almost universally prefer that their phy-
sicians discuss their preferences for information (98,99). 

 Concerning the format for communicating prog-
nostic information, Kaplowitz and colleagues (98) found 
that 80% of patients preferred qualitative information 
such as “you will probably live a long time” or “you 
will/will not die from this disease,” compared to only 
50% of patients who wanted a quantitative prognosis, 
such as estimates of survival or percentages of mortality. 
The evidence about information preferences in patients 
with more advanced disease is less developed, but sug-
gests that patients with incurable disease may desire less 
information (100). Cancer patients uniformly desire that 
diffi cult information be conveyed with a sense of hope 
and sensitivity (101,102). 

 Patients’ preferences for engagement in decision 
making may also vary and are not universally correlated 
with information preferences. In a randomized study, 
Swenson and colleagues (103) found that 69% of pa-
tients appreciated the shared decision-making method. 
The remaining 31% reported that they would prefer more 
of the decision making be relegated to the physician. 
Winefi eld and colleagues (104) further delineated which 
patients may prefer a physician-centered approach in 
a general practice setting. They found great satisfac-
tion among patients whose care was characterized by 
the shared decision-making model when decision/inter-
vention outcomes are equally acceptable. However, it 



376 V • THERAPY

must be noted that patients with either highly complex 
or very straightforward problems favored physician-
centered styles of decision making (105). Furthermore, 
those noted to have high levels of anxiety or carry a 
poor prognosis tended to prefer a physician-directed 
approach to decision making (98,106). In a group of 
patients undergoing esophagectomy for esophageal 
cancer, McKneally and Martin (107) stated, “The pa-
tients described themselves as relieved, encouraged, and 
hopeful when the surgeon recommended an operation. 
They felt ‘in control’ of the decision process based on 
trust, rather than information.” They found that these 
patients considered trust and confi dence in their physi-
cian as the most important factor that provided them 
with comfort when making decisions. Patients preferred 
to have an “expert” or “specialist” doctor to proceed 
with a physician-centered decision-making process ver-
sus shared decision making. 

 CONCLUSION 

 We have tried to suggest the many reasons why assuring 
informed consent for patients with esophageal cancer is 
complex. These include the poor outcomes; complex-
ity and toxicity of therapy; the uncertain benefi ts and 
signifi cant risks associated with most therapies for this 
disease; and the considerable variations in patients’ pref-
erences, understanding, information needs, and desires 
for participation in decision making. We believe that ef-
fort spent both on recognizing these complexities and 
taking account of them during the informed consent 
process will pay off in terms of patients’ satisfaction with 
their decisions. We advocate a shared decision-making 
model, which might best be described as  collaborative  
between patients and the care team, since medical pro-
viders are experts in disease and therapy and patients are 
experts in their own needs and preferences. Eliciting the 
patients’ needs and wants for physician-patient commu-
nication and tailoring informed consent discussions to 
those will ultimately provide the patient with the most 
comfort and confi dence. 

 We offer several suggestions for improving the 
process: 

 1.   Spread the informed consent process out over more 
than 1 encounter. This strategy allows patients to di-
gest more complicated information over time and for 
them to formulate new questions, which may lead 
to deeper understanding. Multiple encounters can 
additionally strengthen the doctor-patient trust rela-
tionship, which allows a better grasp of patient un-
derstanding (see #3). 

 2.   Provide concurrent, multidisciplinary consultation 
if possible. This allows specifi c questions concern-
ing each type of therapy to be answered in detail 
when questions arise. Such an approach works es-
pecially well if the multidisciplinary group evalu-
ates the patient’s circumstances and arrives at a 
mutually agreeable recommendation for treatment 
ahead of time. 

 3.   Verify understanding. This last step in medical com-
munication is frequently omitted but can be vital for 
identifying knowledge defi cits or misunderstandings. 
Nurses can be invaluable in this process. Multiple 
encounters along with consultation with other spe-
cialists also can provide several chances to ensure 
comprehension. 

 4.   Seek a careful understanding of patients’ preferences 
and needs prior to explanations. Time spent under-
standing how patients think and analyze decisions 
will pay off in providing information and helping 
them to grapple with complex decisions. A good way 
to approach patients when seeking to understand 
their decision-making preferences is to ask how they 
have approached other big decisions in their lives: Do 
they ask and accept the advice of an expert? Do they 
gather all of the information and spend time weigh-
ing the pros and cons of each? Do they rely on input 
from close friends or family? These questions help to 
shape a recommendation which takes into account 
an individual’s previous style of approaching diffi cult 
choices. 
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or locally advanced esophageal can-
cer, surgery remains the mainstay 
of treatment. Various reviews have 
reported 5-year overall survival 
(OS) rates from 10% up to 30% to 

40% with surgical resection alone (1,2). Primary radia-
tion therapy was previously used for local tumor control, 
though less successfully. In 1 large series, the 3-year sur-
vival after radiotherapy alone was only 6% (3). For meta-
static disease, chemotherapy alone results in response 
rates of only 20% to 40% and median survivals of 8 to 
10 months (4). 

 Given the activity of all 3 modalities, numerous 
studies have combined them in distinct neoadjuvant 
(preoperative) strategies for locally advanced disease. 
Multimodality approaches have included chemother-
apy or radiation or concurrent chemoradiotherapy 
followed by surgery, in an effort to improve the dis-
mal prognosis of this aggressive cancer. Relatively few 
studies have focused on an adjuvant (postoperative) 
approach. 

 The results of these studies have been mixed and 
their combined outcomes have failed to elevate any pre-
operative strategies to a clear standard for resectable 
esophageal cancer. However, trials involving preopera-
tive chemoradiotherapy and chemotherapy have demon-
strated a trend toward improved survival over surgery 
alone. Based on these data, many clinicians now treat 

locoregional disease with preoperative multimodality 
therapy. 

 PALLIATIVE CHEMOTHERAPY 

 Although several chemotherapeutic agents have modest 
antitumor activity in esophageal cancer, the duration of 
response to both single agents and combination regi-
mens is only generally 4 to 6 months. In the palliative 
setting, this approach may be considered appropriate 
treatment. However, chemotherapy is rarely used alone 
with curative intent. 

 Commonly used drugs include cisplatin (5–7), 
5-fl uorouracil (5-FU) (8,9), and mitomycin (10–12), 
with single-agent response rates ranging from 10% to 
25%. Newer agents include the oral 5-FU pro-drugs 
(capecitabine [13,14] and S-1 [15]), the taxanes (pacli-
taxel [16–18] and docetaxel [19–21]), irinotecan (22) 
and oxaliplatin (23,24), with response rates of 15% to 
45%. Some of these trials have primarily enrolled pa-
tients with gastric cancer but also include patients with 
gastroesophageal junction (GEJ) cancer. 

 The majority of data for single-agent chemother-
apy are derived from phase II trials, which makes com-
parison across different trials diffi cult. In addition, the 
confi dence limits largely overlap across trials in most 
cases. 

 F
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 Given the modest activity of single agents in esoph-
ageal cancer, combination chemotherapy has been exten-
sively studied. In metastatic disease, cisplatin-containing 
regimens have shown 25% to 45% activity. In locore-
gional disease, response rates as high as 45% to 75% 
have been reported. Disappointingly, these responses 
have been no more durable than those of single agents. 
As such, no clearly superior fi rst-line regimen has been 
identifi ed in the metastatic setting. 

 The combination of cisplatin/infusional 5-FU has 
been studied extensively, with toxicity consisting mainly 
of mucositis, diarrhea, nausea/vomiting, renal toxicity, 
and myelosuppression. Despite the common use of this 
regimen, only a single phase II trial has compared cisplatin 
with the combination regimen in patients with advanced 
squamous cell carcinoma (25). While there was a higher 
response rate in favor of the combination regimen, there 
was no statistically signifi cant survival benefi t. In addi-
tion, the combination group had a signifi cantly higher 
rate of treatment-related deaths (16% versus 0%). 

 Randomized trials have compared numerous other 
drug combinations to cisplatin/5-FU. For example, the 
ECF regimen (epirubicin/cisplatin/infusional 5-FU) has 
been compared to the FAMTX regimen (bolus 5-FU/
doxorubicin/methotrexate) (26). The ECF arm achieved 
superior median OS (8.9 versus 5.7 months), response 
rate (45% versus 21%), and quality of life at 24 weeks 
compared with FAMTX. 

 A subsequent study compared the ECF and MCF 
regimen, where mitomycin was substituted for epiru-
bicin, in previously untreated patients with advanced 
esophageal cancer (27). The study reported no signifi -
cant differences in response rate or median survival but 
found that quality of life was better maintained with 
ECF. The equivalent response rates and outcomes that 
were seen with both of these regimens have led some to 
question whether either regimen offers any advantage 
over the conventional 2-drug standard. The data from 
the ECF trials, however, support the use of continuous 
infusion 5-FU over bolus 5-FU, as well as lower doses of 
cisplatin (60 mg/m 2 ) more commonly used in the 2-drug 
5-FU/cisplatin combination (75–100 mg/m 2 ). 

 In the recent REAL-2 study, Cunningham and col-
leagues from the United Kingdom compared the ECF 
regimen to the ECX regimen (which involves the sub-
stitution of 5-FU with capecitabine), the EOF regimen 
(substitution of oxaliplatin for cisplatin), and the EOX 
regimen (a double substitution of both capecitabine and 
oxaliplatin) in patients with locally advanced esopha-
geal, GEJ and gastric cancer (24). In this trial, designed 
to demonstrate non-inferiority in OS between the 5-FU 
and capecitabine groups and between the cisplatin and 
oxaliplatin groups, all the combinations had similar 
response rates and comparable toxicities. The EOX 
regimen was associated with improved  median OS 

compared to the ECF regimen (11.2 versus 9.9 months, 
 P  = 0.02), leading the investigators to propose that the 
EOX regimen could replace the ECF regimen in future 
trials. 

 The oral 5-FU prodrug S-1 has also been evalu-
ated in combination regimens. In a single-arm phase II 
evaluation in gastric and GEJ cancer, the combination 
of S-1/cisplatin produced a response rate of 51%, with 
an encouraging median OS of 10.9 months (15). Two 
recent randomized phase III trials performed in Japan 
also compared S-1 versus S-1/cisplatin in one trial and 
S-1 versus infusional 5-FU versus cisplatin/irinotecan 
in the other (28,29). As these trials enrolled patients 
with gastric cancer (with the proportion of those with 
GEJ involvement not stated), their applicability to pa-
tients with GEJ/lower esophageal adenocarcinoma is 
unclear. 

 Taxanes have also been evaluated in combination 
regimens. The addition of docetaxel to cisplatin/5-FU 
was recently evaluated by Van Cutsem et al. in a phase 
III randomized trial in gastric and GEJ cancer that com-
pared the DCF regimen (docetaxel/cisplatin/ infusional 
5-FU) to cisplatin/infusional 5-FU (30). Although re-
sponse rate and time-to-progression (TTP) were im-
proved with the 3-drug regimen over the 2-drug regimen, 
OS was only slightly improved (median OS 9.2 versus 
8.6 months, 2-year OS 18% versus 9%). In addition, the 
3-drug regimen was associated with signifi cantly more 
toxicity, including a grade 3/4 neutropenia rate of 82% 
(versus 57% for CF) and febrile neutropenia in 29% of 
patients (versus 12% for CF). 

 A slight variant of the DCF regimen used by Van 
Cutsem et al. (termed TCF, employing a 14- versus 5-day 
5-FU infusion at a lower dose) was also recently com-
pared to the ECF regimen in a phase II randomized trial 
(which included a third arm of docetaxel/cisplatin) (31). 
TCF was associated with a superior response rate (the 
primary endpoint) when compared to ECF (37% versus 
25%) but the toxicity—particularly rates of neutropenia 
and neutropenic fever—was again substantial. This phase 
II trial also included a third arm with the TC (docetaxel/
cisplatin) regimen. Activity and survival were comparable 
between the TC and TCF arms and there was a sugges-
tion of superior toxicity profi le for the 2-drug TC regi-
men compared to the 3-drug TCF regimen. Based on the 
toxicity seen with TCF, the authors commented that fur-
ther evaluation of this regimen might not be warranted. 

 Similarly, another randomized phase II study 
demonstrated comparable activity for a regimen of DF 
(docetaxel/5-FU) versus ECF, although the study was 
not powered for a head-to-head comparison of both 
regimens (32). Response rates (38% versus 36% respec-
tively) and median TTP (5.5 versus 5.3 months) and OS 
(9.5 versus 9.7 months) were very similar, with differing 
but manageable toxicities for both regimens. Although 
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the DF regimen had signifi cant grade 3/4 neutropenia, 
neutropenic fever occurred in only 4.4% of patients. 
This trial enrolled patients with gastric cancer but, as 
29% of patients had involvement of the gastric cardia, 
these results may also be applicable to patients with 
GEJ /lower esophageal adenocarcinoma. 

 Other investigators have combined cisplatin with 
paclitaxel, both with and without 5-FU in phase II eval-
uations (33–36). Response rates ranged from 43% to 
50% but toxicity included signifi cant diarrhea, neuro-
toxicity, and myelosuppression. 

 Irinotecan is another active agent in upper gastroin-
testinal tumors that has been combined with mitomycin, 
5-FU/leucovorin or cisplatin in phase II evaluations, with 
response rates ranging from 30% to 65% (37–41). In a 
randomized phase II trial, Pozzo and colleagues compared 
the FUFIRI regimen (weekly irinotecan/5-FU/leucovorin) 
with irinotecan /cisplatin administered every 3 weeks in 
patients with advanced gastric and GEJ cancer (39). FU-
FIRI was associated with a superior response rate, TTP, 
and OS, and less neutropenia than the irinotecan /cispla-
tin arm. This led to a subsequent phase III trial of FUFIRI 
versus cisplatin/5-FU. Both regimens had comparable ef-
fi cacy but there was less neutropenic fever and grade 3/4 
stomatitis and nausea in the FUFIRI arm (42). Only the 
incidence of grade 3/4 diarrhea was increased in the FU-
FIRI arm, although more patients withdrew from the cis-
platin/5-FU arm than the FUFIRI arm (22% versus 10%, 
 P  = 0.004) for drug-related adverse events. 

 NEOADJUVANT CHEMOTHERAPY 

 Despite the short-lived responses using chemotherapy 
alone in advanced disease, neoadjuvant chemotherapy is 
associated with many theoretical benefi ts (43). This ap-
proach has the potential to assess tumor response to che-
motherapy and direct the possible use of chemotherapy 
postoperatively or in the metastatic setting. Chemother-
apy may also improve baseline dysphagia, downstage the 
primary tumor, increase resection rates, and treat micro-
metastatic disease that is undetectable at diagnosis. 

 Kok and colleagues reported a small randomized 
phase III trial, in which 148 patients with squamous cell 
carcinoma were randomized to surgery alone or pre-
operative cisplatin/etoposide followed by surgery (44). 
Preoperative chemotherapy was associated with a sig-
nifi cant improvement in median OS (18.5 months ver-
sus 11 months). No fi nal report of this study has been 
published. 

 However, the large North American Intergroup 0113 
trial failed to show a survival benefi t for perioperative cis-
platin/5-FU plus surgery compared with surgery alone in 
440 patients (45). Patients in the combined-modality arm 
received 3 cycles of cisplatin/5-FU preoperatively and 2 

cycles postoperatively. Pathologic complete responses 
(pCR) were seen in only 2.5% of patients receiving pre-
operative chemotherapy, and there was no improvement 
in the curative resection rate. The median OS was not 
signifi cantly different in the 2 groups and the 5-year OS 
with or without chemotherapy was 20%. The addition 
of chemotherapy did not change the rate of recurrence 
either locally or at distant sites. 

 Renewed interest in preoperative chemotherapy 
was generated by a trial performed by the Medical Re-
search Council Oesophageal Cancer Working Group 
(46). This study randomized 802 patients (nearly double 
the number of patients in the Intergroup trial) to sur-
gery alone versus 2 cycles of preoperative cisplatin/5-FU. 
At a relatively short median follow-up of only 2 years, 
the chemotherapy-treated group demonstrated improved 
median OS (16.8 months versus 13.3 months) and 2-year 
survival (43% versus 34%). The curative resection rate 
was improved marginally from 55% to 60% and the 
pCR rate was 4% in the preoperative chemotherapy 
group. It may be that the larger sample size compared 
to the Intergroup trial facilitated the detection of a small 
improvement with chemotherapy. In addition, a larger 
proportion of patients on this trial had adenocarcinoma 
histology compared to the Intergroup 113 trial (66% 
versus 54%). Two recent meta-analyses (described in 
detail subsequently) suggest greater benefi t from preop-
erative chemotherapy for patients with adenocarcinoma 
versus squamous cell cancer (47,48). 

 Additional evidence to support the use of peri-
operative chemotherapy comes from the recent 
MAGIC trial performed in the United Kingdom (49). 
This trial randomized 503 patients with gastric or GEJ 
adenocarcinoma to 3 cycles each of pre- and post-
 operative ECF chemotherapy and surgery or surgery 
alone. Perioperative chemotherapy resulted in signifi -
cant improvement in 5-year OS (36% versus 23%). 
However, there was no improvement in the curative 
resection rate and there were no cases of pCR. As 26% 
of patients on this trial had tumors in the GEJ and 
lower esophagus, the results may apply to esophageal 
cancer. 

 Finally, data from a French trial of 224 patients 
with gastric or lower esophageal adenocarcinoma were 
recently presented (50). Patients were randomized to 
2 or 3 cycles of preoperative cisplatin /5-FU followed 
by surgery versus surgery alone. Preoperative chemo-
therapy was associated with a signifi cant improvement 
in R0 resection rate (84% versus 73%), 5-year disease-
free survival (34% versus 21%), and 5-year OS (38% 
versus 24%). 

 Although comparisons between different clinical 
trials must be made cautiously, the survival benefi t seen 
with preoperative cisplatin/5-FU on this trial appears to 
be very similar to that seen with perioperative ECF in 
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the MAGIC trial. Because of the smaller sample size of 
this trial, however, outcome differences in as few as 10 
to 15 patients would have changed the trial outcome. 
Also, the trial did not consistently stage patients with 
endoscopic ultrasound or stratify them by pre-therapy 
stage. In a small-scale trial, even a slight imbalance in 
pre-therapy stage might impact the trial outcome. Fi-
nally, a multivariate analysis indicated a greater survival 
benefi t for patients with gastric versus esophageal pri-
mary tumors, making the relative benefi t of this therapy 
in patients with esophageal adenocarcinoma possibly 
less certain. 

 These data are summarized in Table 51.1. Overall, 
recent trials suggest a survival benefi t for perioperative 
chemotherapy, although preoperative chemotherapy 
alone is associated with a low pCR rate and only bor-
derline improvement in the resection rate. Such a sur-
vival benefi t was also demonstrated in a recent large, 
individual patient data meta-analysis of 12 randomized 
trials involving preoperative chemotherapy (48). This 

meta-analysis revealed a 5-year survival benefi t of only 
4% with preoperative chemo, with a suggestion of lesser 
benefi t for squamous (4%) compared to adenocarci-
noma histology (7%).   

 NEOADJUVANT RADIATION THERAPY 

 Trials that have evaluated the use of preoperative radia-
tion have largely reported no benefi t. 

 Kelsen and colleagues performed a randomized 
trial comparing preoperative radiation to preoperative 
chemotherapy in 96 patients with esophageal cancer 
(51). Although there was no increase in operative mor-
bidity or mortality for patients treated with preopera-
tive therapy compared with historic controls treated 
with surgery alone, there was also no additional treat-
ment benefi t. Another randomized trial involving 176 
patients also failed to identify a benefi t for preoperative 
radiation (52). 

TABLE 51.1
Results of Phase III Preoperative Chemotherapy Trials in Esophageal Cancer

Treatment Histology Pts Survival Reference

Surgery alone Squamous 41 9% at 3 years Nygaard et al. (53)

Cis/ bleo + surgery 50 3% at 3 years

RT + surgery 48 21 % at 3 years

Cis/ bleo/RT/surgery 47 17% at 3 years

Cis/etop + surgery Squamous 74 18.5 months Kok et al. (44)

Surgery alone 74 11 months

Pre-op Cis/5-FU + surgery + 
 post-op cis/5-FU

Squamous + 
adenocarcinoma

213 14.9 months 
(median); 23% at 
3 years

Kelsen et al. (45)

Surgery alone 227 16.1 months (median); 
26% at 2 years

Cis/5-FU + surgery Squamous + 
adenocarcinoma

400 16.8 months (median); 
2-year survival 43%

Medical Research 
Council (46)

Surgery alone 402 13.3 months (median); 
2-year survival 34%

Pre-op ECF + surgery + 
 post-op ECF

Adenocarcinoma 250 24 months (median); 
5-year survival 36% 

Cunningham et al. (49)

Surgery alone 253 20 months (median); 
5-year survival 23%

Cis/5-FU + surgery Adenocarcinoma 113 5-year survival 38% Boige et al. (50)

Surgery alone 111 5-year survival 24%

Abbreviations: bleo = bleomycin; cis = cisplatin; ECF = epirubicin, cisplatin, 5-fluoruoracil; etop = etoposide; 5-FU = 5-fluorouracil; 
RT = radiotherapy.
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 A prospective, multicenter Scandinavian trial re-
ported by Nygaard et al. randomized 186 patients with 
esophageal squamous cell carcinoma to 4 treatment 
groups: surgery alone; preoperative chemotherapy 
(cisplatin/bleomycin) and surgery; preoperative radia-
tion and surgery or; preoperative chemotherapy and 
radiation, followed by surgery (53). The 3-year OS 
was signifi cantly higher in the pooled groups receiving 
radiation compared with the non-radiation groups. 
The results indicated an intermediate-term survival 
benefi t for preoperative radiation but found that the 
chemotherapy regimen did not infl uence survival. 

 However, a subsequent meta-analysis was unable 
to establish a signifi cant benefi t for preoperative radia-
tion (54). With a median follow-up of 9 years, an analy-
sis of more than 1,100 patients from 5 randomized trials 
suggested a survival benefi t of 3% at 2 years and 4% at 
5 years that was not statistically signifi cant ( P  = 0.062). 

 ADJUVANT (POSTOPERATIVE) THERAPY 

 Combined-modality therapy in esophageal carcinoma 
has long focused on preoperative strategies. The role of 
adjuvant therapy has not been studied extensively, and 
the data that are available suggest equivocal results. 

 Postoperative chemotherapy without preoperative 
therapy was studied in 2 Japanese randomized trials, 
where patients with squamous cell histology were ran-
domized to receive 2 cycles of chemotherapy with cis-
platin/vindesine (55) or cisplatin /5-FU (56) respectively. 
While the trial with cisplatin/vindesine did not show any 
survival benefi t, the trial with cisplatin/5-FU did reveal a 
survival benefi t, but only for patients with lymph node 
involvement (5-year disease-free survival 52% versus 
38%). 

 These results are consistent with those of a ran-
domized French trial, which also found no survival ben-
efi t for 6 to 8 months of adjuvant chemotherapy with 
cisplatin/5-FU (57). In fact, there were signifi cantly more 
complications in the chemotherapy group. 

 In contrast, a recent pilot Eastern Cooperative On-
cology Group (ECOG) trial recently evaluated 4 cycles 
of postoperative paclitaxel/cisplatin in patients with 
esophageal or GEJ adenocarcinoma (58). Two-year OS 
was 60%, which is statistically superior compared to 
the historic control (38%, derived from Intergroup 113 
trial). 

 Trials involving adjuvant radiotherapy have gen-
erally reported negative results. A French study ran-
domized 221 patients to surgery alone versus surgery 
followed by radiation and found no survival benefi t 
from radiation (59). 

 Another randomized study of 130 patients from 
Hong Kong actually demonstrated increased mortality 

with postoperative radiation (8.7 versus 15.2 months, 
in favor of the no adjuvant therapy group), with the dif-
ference attributed to radiation-related deaths and early 
metastatic disease (60). 

 Finally, a large prospective Chinese study also failed 
to detect an OS benefi t among 495 patients randomized 
to adjuvant radiation or no further therapy (61). How-
ever, a subgroup analysis of stage III patients did show 
a 5-year survival benefi t, up from 13.1% in the surgery-
only group to 35.1% in the group that received adjuvant 
radiation. 

 While trials of adjuvant radiotherapy alone have 
not suggested signifi cant benefi t, there may be benefi t 
from adjuvant concurrent chemoradiotherapy, as sug-
gested the results of the Intergroup trial 116 in gastric 
adenocarcinoma (62). This trial revealed a signifi cant 
improvement in overall and disease-free survival for the 
delivery of postoperative therapy with 5-FU/leucovorin 
and radiation compared to surgery alone. As 20% of 
the patients treated had proximal gastric cancers (with 
involvement of the GEJ) and primary GEJ cancers, 
these data may justify the use of postoperative therapy 
in such patients who have not received preoperative 
therapy. 

 NEOADJUVANT (PREOPERATIVE) 
CHEMORADIOTHERAPY 

 Although recent pre- and perioperative chemotherapy 
trials have indicated a survival benefi t, the low rate 
of pCR and the inconsistent improvement in oper-
ability have led researchers to investigate neoadjuvant 
chemoradiotherapy. 

 Chemoradiotherapy typically involves regimens of 
cisplatin or mitomycin and continuous infusion 5-FU, 
with radiotherapy dosages from 30 to 40 Gy and up 
to 60 Gy in more recent trials. This approach results 
in pCR rates in the range of 20% to 40%, with long-
term survival of no more than 25% to 35% (63,64). 
Superior survival is consistently achieved, though, in 
patients achieving a pCR to chemoradiotherapy (up to 
50%–60% at 5 years) (65–69). 

 These results are at the expense of signifi cant 
 toxicities—primarily hematologic and  gastrointestinal—
which have been greatest in trials employing a higher 
dose of or twice-daily radiation or in which radiotherapy 
overlapped all cycles of preoperative chemotherapy (70). 
The gastrointestinal toxicity associated with cisplatin/
5-FU and radiation includes nausea, mucositis, and esoph-
agitis, leading some investigators to mandate placement 
of enteral feeding tubes prior to treatment initiation. 

 The seminal phase III U.S. Radiation Therapy On-
cology Group (RTOG) trial 85–01 demonstrated the 
superiority of chemoradiotherapy over radiation alone 
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(71). This nonoperative study compared standard-
fractionation radiation (64 Gy) to radiation (50 Gy) 
plus concurrent cisplatin/5-FU. The trial was stopped 
when data from 121 patients showed an improved me-
dian OS in favor of chemoradiotherapy (12.5 months 
versus 8.9 months). Two-year survival was also im-
proved in the chemoradiotherapy group (38% versus 
10%), as was 5-year survival (21% versus 0%) (72). 
Long-term survival was also seen in the small number 
of adenocarcinoma patients on the trial, with 13% of 
patients alive at 5 years. 

 In addition to a survival benefi t, disease recurrence 
was signifi cantly reduced by the addition of chemo-
therapy to radiation. At 1 year, recurrent disease was 
observed in 62% of the group that received radiation 
versus 44% in the chemoradiotherapy arm; distant re-
currence rates were 38% and 22% respectively. Based 
on this study, chemoradiotherapy was established as the 
standard of care in the nonsurgical management of lo-
cally advanced squamous cell esophageal cancer. 

 Building on these results, alternative treatment strat-
egies have also been investigated. In the non-operative 
RTOG 90–12 chemoradiotherapy study, “induction” 
chemotherapy with cisplatin/5-FU followed by chemo-
radiotherapy with the same regimen did not appear to 
afford any additional benefi t (73). The RTOG 94–05 
study compared a total radiation dose of 64.8 Gy ver-
sus 50.4 Gy during concurrent cisplatin/5-FU and also 
failed to demonstrate superior results with the more in-
tense regimen (74). This study confi rmed 50.4 Gy as the 

standard radiation dose when given in combined ther-
apy with cisplatin/5-FU. Finally, the phase I/II RTOG 
92–07 trial, which attempted to “boost” radiation with 
brachytherapy following external beam radiation, re-
vealed signifi cant toxicity, including a 12% incidence of 
treatment-related fi stulas (75). 

 PHASE III TRIALS OF 
CHEMORADIOTHERAPY 

 Subsequently, 5 randomized trials have compared preop-
erative chemoradiotherapy followed by surgery versus 
surgery alone. Four of these have been published, while 
the last is reported in abstract form. The results are sum-
marized in Table 51.2. Only 2 trials indicated a survival 
benefi t for the addition of preoperative chemoradio-
therapy compared to surgery alone. However, unlike the 
larger preoperative chemotherapy trials (treating in ex-
cess of 200 to up to 800 patients), trials of preoperative 
chemoradiotherapy have generally been small (treating 
only 100–250 patients) and have lacked suffi cient statis-
tic power to detect modest survival differences between 
treatment arms. Many trials failed to meet planned ac-
crual goals.   

 Urba and colleagues from the University of Michi-
gan randomized 100 patients to preoperative cisplatin/
5-FU/vinblastine and radiation or to surgery alone (76). 
Despite a statistically signifi cant decrease in the rate of 
local recurrence favoring preoperative therapy (19% 

TABLE 51.2
Results of Phase III Preoperative Chemoradiotherapy Trials in Esophageal Cancer

Treatment Histology
No. of 

patients
Pathologic 

CR (%)

Survival

Local failure ReferenceMedian Overall

Preop CRT 24% SCC 76% 
Adeno

50 28 16.9 mos 30% 3-yr 19% Urba 
et al. (76)Surgery 50 N/A 17.6 mos 16% 3-yr 42%

Preop CRT 100% Adeno 58 25 16 mos 32% 3-yr NS Walsh 
et al. (77)Surgery 55 N/A 11 mos 6% 3-yr NS

Preop CRT 100% SCC 143 26 18.6 mos 26% 5-yr NS Bosset 
et al. (79)Surgery 139 N/A 18.6 mos 26% 5-yr NS

Preop CRT 35% SCC 63% 
Adeno 2% other

128 16 22.2 mos NS 15% Burmeister 
et al. (80)Surgery 128 N/A 19.3 mos NS 26%

Preop CRT 25% SCC 75% 
Adeno

30 40 4.5 yrs 39% 5-yr NS Tepper 
et al. (81)Surgery 26 N/A 1.8 yrs 16% 5-yr NS

Abbreviations: Adeno = adenocarcinoma; CR = complete response; NS = not stated; Preop CRT = preoperative chemoradiotherapy; 
SCC = squamous cell carcinoma.
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versus 42%), 3-year OS trended toward improvement 
but was not statistically signifi cant (30% versus 16%, 
 P  = 0.15). Rates of curative resection were equivalent in 
both groups (90%). 

 Walsh and associates from Ireland randomized 113 
patients with esophageal adenocarcinoma to preopera-
tive cisplatin/5-FU/radiation or surgery alone (77). Rates 
of negative margin resection were not reported, although 
it was noted that the preoperative therapy group had a 
signifi cantly lower incidence of positive lymph nodes or 
metastatic disease at surgery (42% versus 82%). A sig-
nifi cant improvement in 3-year OS was noted (32% ver-
sus 6%). Interpretation of this study is confounded by 
the very poor survival of the surgical control arm—6% 
at 3 years—which is inconsistent with the minimum 20% 
5-year survival rates reported for modern surgical series 
(78). Other shortcomings of this trial include inadequate 
pre-therapy staging (endoscopic ultrasound was not per-
formed and computed tomography was performed only 
if chest radiographs or abdominal sonograms were ab-
normal) that could have led to an imbalance in prog-
nostic factors between both groups, the variable surgical 
procedures used, premature termination based on an un-
planned interim analysis and the relatively short follow-
up period for surviving patients (18 months). 

 Bosset et al., on behalf of the European Organiza-
tion for Research and Treatment of Cancer (EORTC), 
randomized 282 patients with esophageal squamous 
cell carcinoma to preoperative cisplatin and concurrent 
split-dose radiation or surgery (79). Compared to the 
surgery-only group, the chemoradiotherapy group had 
a signifi cantly higher rate of curative resection (81% 
versus 69%), as well as an improvement in disease-free 
survival (hazard ratio [HR] 0.6, 95% CI 0.4 to 0.9) and 
a decreased risk of local recurrence (HR 0.6, 95% CI 0.4 
to 0.9). However, OS (the primary trial endpoint) was 
not signifi cantly different. It might be that the signifi -
cantly higher postoperative mortality in the chemoradio-
therapy arm (12% versus 4%) outweighed any potential 
survival benefi t for the chemoradiotherapy group. 

 In a recent Australian trial, Burmeister and col-
leagues randomized 256 patients to 1 cycle of preop-
erative cisplatin/5-FU and radiation or to surgery alone 
(80). While the trial failed to show a survival advan-
tage for patients who received chemoradiotherapy, 
they did have a signifi cantly higher curative resection 
rate compared to the surgery-only patients (80% ver-
sus 59%). In this study, the administration of a single 
chemotherapy cycle may represent suboptimal delivery 
of chemotherapy. This is refl ected by the rather low 
pCR rate of 9% reported for patients with adenocarci-
noma histology. 

 Finally, results of the Cancer and Leukemia Group 
B (CALGB) trial 9781 have been presented in abstract 
form (81). This trial randomized patients to 2 cycles of 

preoperative cisplatin/5-FU and radiation or to surgery 
alone. Fifty-six patients were randomized before the trial 
was closed for poor accrual. Patients assigned to chemo-
radiotherapy had substantially improved median sur-
vival (4.5 versus 1.8 years) and 5-year OS (39% versus 
16%) compared to patients undergoing surgery alone. 

 Overall, these randomized trials are associated 
with methodologic concerns, are signifi cantly smaller 
than randomized preoperative chemotherapy trials, and 
produce confl icting results. However, they do suggest 
improved curative resection rates as well as decreased 
local recurrence. Signifi cant rates of pCR are achieved 
with combined chemoradiotherapy, compared to preop-
erative chemotherapy alone. A survival advantage for 
preoperative chemoradiotherapy over surgery alone is 
not clearly demonstrated, although several studies sug-
gest such a trend. 

 These observations are further supported by a re-
cent meta-analysis, in which 10 randomized trials of pre-
operative chemoradiotherapy versus surgery alone and 8 
trials of preoperative chemotherapy versus surgery alone 
were analyzed (47). Preoperative chemoradiotherapy was 
associated with a hazard ratio of all-cause mortality of 
0.81 versus surgery alone (95% CI 0.70–0.93,  P  = 0.002), 
which translated to a 13% absolute difference in mortal-
ity at 2 years. This benefi t was irrespective of histology. 
Preoperative chemotherapy was associated with a hazard 
ratio of 0.90 (95% CI 0.81–1.00,  P  = 0.05) compared to 
surgery alone, which related to a 2-year absolute survival 
benefi t of 7%. There did not appear to be any benefi t 
for patients with squamous histology (HR 0.88; 95% CI 
0.75–1.03,  P  = 0.12), although there was a benefi t for 
patients with adenocarcinoma histology (HR 0.78; 95% 
CI 0.64–0.95,  P  = 0.014). 

 The possible superiority of preoperative chemo-
radiotherapy over preoperative chemotherapy has also 
been suggested by a randomized study recently presented 
in abstract form (82). In this study by Stahl and col-
leagues for the German Esophageal Cancer Study Group, 
patients were randomized to preoperative chemotherapy 
with cisplatin/5-FU/leucovorin followed by surgery 
versus cisplatin/5-FU/leucovorin followed by chemora-
diotherapy with cisplatin/etoposide and then surgery. 
One-hundred and twenty eligible patients were random-
ized before the trial was closed due to poor accrual. As 
such, the study did not meet its planned accrual and is 
statistically underpowered. The results did reveal a trend 
toward improved local progression-free survival (77% 
versus 59%), median OS (32.8 versus 21.1 months) and 
3-year survival (43% versus 27%) for the chemoradio-
therapy over chemotherapy group but these results were 
not statistically signifi cant ( P  = 0.14). Both the pCR rate 
(16% versus 2%) and node-negative status (64% ver-
sus 37%) were signifi cantly higher in the chemoradio-
therapy group. Strengths of this trial include the careful 
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pre-therapy staging (which included endoscopic ultra-
sound and laparoscopy), the enrollment only of high-
risk patients with at least T3 or node-positive tumors and 
the careful balancing of pre-therapy stage between the 2 
treatment arms. 

 CHEMORADIOTHERAPY WITH 
OR WITHOUT SURGERY 

 Two recent randomized trials have compared defi nitive 
chemoradiotherapy versus chemoradiotherapy followed 
by surgery. The fi rst study was performed by the German 
Esophageal Cancer Study Group, which assigned 172 
patients with squamous cell carcinoma to preoperative 
therapy (3 cycles of cisplatin/5-FU/leucovorin/etoposide, 
then cisplatin/etoposide and concurrent radiation to 40 
Gy) followed by surgery or to the preoperative therapy 
alone with a higher radiation dose (to at least 65 Gy) in 
lieu of surgery (67). Although local progression-free sur-
vival was improved with the addition of surgery (64% 
versus 41%,  P  = 0.003), there was only a non-signifi cant 
trend towards improvement in 3-year OS (31.3% ver-
sus 24.4%). Treatment-related mortality was also sig-
nifi cantly higher in the surgery group compared to the 
chemoradiotherapy-only group (12.8% versus 3.5%). 

 The second study is the French FFCD 9102 trial, 
where 444 patients with mostly squamous cell histology 
underwent initial chemoradiotherapy with cisplatin/
5-FU (83) Those who responded to initial therapy were 
then randomized either to undergo surgery or to receive 
an additional 3 cycles of cisplatin/5-FU with radiation 
as the authors felt that it would be inappropriate to 
continue chemoradiotherapy in patients not respond-
ing to therapy. Of the 444 patients, 259 responding pa-
tients were randomized. The 2-year survival rate was 
not signifi cantly different between both groups (34% in 
surgery group versus 40% in chemoradiotherapy-only 
group,  P  = 0.44). However, locoregional recurrence 
was higher in the chemoradiotherapy-only group (43% 
versus 34%), and there was also a higher incidence of 
stent placement in this group (32% versus 5%). Three-
month mortality was signifi cantly higher in the surgery 
group (9.3% versus 0.8%). Based on these data, the au-
thors concluded that patients with tumors, especially of 
squamous cell histology, that respond to initial chemo-
radiotherapy did not derive any survival benefi t from 
subsequent surgery. Patients who underwent surgery 
did have improved local control of their disease, albeit 
at the cost of increased treatment-related mortality. 

 As a related issue, defi nitive chemoradiotherapy 
alone versus surgery alone has also recently been com-
pared in a Scandinavian phase III trial of 91 patients, who 
were randomized to receive either cisplatin/5-FU and ra-
diation alone or surgery (84). At a median follow-up of 

51.8 months, there was no survival difference between 
both groups. Although this study may be underpowered 
to detect small survival differences, the data collectively 
support defi nitive chemoradiotherapy an acceptable 
approach for patients who have contraindications to 
surgery. 

 NEWER CHEMORADIOTHERAPY REGIMENS 

 The poor results obtained with conventional cisplatin/
5-FU-based regimens have led to the search for more 
 effective and better tolerated regimens. 

 Paclitaxel-based chemotherapy has undergone ex-
tensive evaluation in combined modality therapy trials 
with radiation. These phase II trials have combined a 
conventional schedule of paclitaxel/cisplatin every 3 
weeks (85,86), weekly paclitaxel with cisplatin every 
3 weeks (87) or weekly paclitaxel with weekly cispla-
tin (88,89), with weekly carboplatin (90) or with 5-FU 
(91). They have reported pCR rates of 19% to 46%, 
with toxicities generally less in trials with weekly che-
motherapy regimens. Consistently, pCR rates in recent 
trials are higher in patients with squamous cancer com-
pared to patients with adenocarcinoma histology (80). 

 Other trials have combined paclitaxel and continu-
ous infusion 5-FU and cisplatin or carboplatin (92–95). 
These 3-drug trials have reported substantial toxicities, 
including severe myelosuppression and esophagitis, but 
have not consistently demonstrated superior results. Ret-
rospective data from the Massachusetts General Hospi-
tal indicated similar pCR rates and 3-year survival for a 
3-drug regimen of paclitaxel/cisplatin/5-FU and radia-
tion compared to cisplatin/5-FU and radiation (96). 

 The relative effi cacy and toxicity of paclitaxel-
based chemotherapy will be answered in the recently 
completed RTOG trial 0113. In this trial, a regimen of 
weekly paclitaxel/cisplatin and radiation was compared 
to weekly paclitaxel/5-FU and radiation in locally ad-
vanced esophageal cancer, as defi nitive therapy without 
surgery. 

 In addition, irinotecan-based regimens have also 
been investigated. Based on a response rate of 57% 
in the metastatic setting (41), a regimen of weekly iri-
notecan/cisplatin and radiation has been evaluated in 
phase I and II studies (97–99). The regimen was found 
to be tolerable and is associated with pCR rates of 
19% to 35%. 

 Based on these positive results, the CALGB 80302 
trial is currently evaluating induction chemotherapy with 
weekly irinotecan/cisplatin followed by irinotecan/cis-
platin with concurrent radiation as preoperative therapy 
for locally advanced esophageal cancer. The ECOG 1201 
trial recently compared weekly irinotecan/cisplatin versus 
weekly paclitaxel/cisplatin, with concurrent radiation, 
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followed by surgery in patients with esophageal ad-
enocarcinoma (100). The results—presented in abstract 
form—revealed a disappointingly low pCR rate of 15% 
and 16% respectively, with a toxicity profi le comparable 
to that historically noted with standard cisplatin/5-FU 
and radiation. However, these pCR rates are within the 
range of 9% to 22% reported as the pCR rates for adeno-
carcinoma histology in the phase III trials of chemoradio-
therapy described earlier. Survival data are pending. 

 CONCLUSION 

 The treatment of esophageal cancer remains a great 
challenge to medical, surgical, and radiation oncolo-
gists. Although it is clear that patients with advanced 
disease can be palliated by chemotherapy, trials evaluat-
ing newer drugs may help to identify more effi cacious 
and tolerable systemic regimens that can be combined 
with other treatment modalities. 

 Chemoradiotherapy is now the standard of care in 
the treatment of inoperable, localized disease. The use 
of preoperative chemoradiotherapy continues to be in-
vestigated but appears to lead to improved OS in pa-
tients who have had a pCR. Several recent trials have 
suggested that perioperative chemotherapy is also a 
valid strategy in adenocarcinoma. The use of preopera-
tive chemotherapy alone in squamous cell cancer is less 
supported by the literature, given the equivocal phase III 
data and limited survival benefi t seen in meta-analyses. 
For patients undergoing primary resection of esophageal 
adenocarcinoma, postoperative chemoradiotherapy also 
appears to improve survival compared to surgery alone. 

 Although surgery remains the standard curative treat-
ment for early-stage disease, there are data that defi ni-
tive chemoradiotherapy results in similar survival rates as 
surgery alone, at least in patients with squamous cell car-
cinoma. Similarly, patients who respond to initial chemo-
radiotherapy do not appear to derive a survival benefi t 
from subsequent surgery in squamous cell carcinoma. 
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in Radiation Therapy 
of the Esophagus 
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adiation therapy is an important 
modality in the management of 
esophageal cancer, both in the 
preoperative setting and as defi ni-
tive therapy in combination with 

chemotherapy. Optimal implementation of radiation 
therapy, however, requires thoughtful pretreatment 
planning not only to assure tumor and regional nodal 
coverage in order to optimize local effi cacy, but also to 
treat as little normal tissue as possible in attempts to 
minimize toxicity and, hence, increase the therapeutic 
ratio. 

 The radiation pretreatment planning process for 
esophageal cancer is quite complex. Because of the ad-
vanced presentation of esophageal cancers, large ra-
diation fi elds are commonly employed. The treatment 
volume is further increased by generous longitudinal 
margins to acknowledge the high risk of submucosal 
spread, as well as coverage of the regional nodal basins, 
including celiac nodes for distal tumors and supraclavic-
ular nodes for more proximal cancers. These large fi elds, 
in turn, encompass signifi cant volumes of critical normal 
organs including the heart and lungs. Inherent diffi culties 
in target delineation and signifi cant organ motion tem-
per our ability to decrease the large treatment volumes. 
Together, these complex planning and delivery issues can 
impact both the local effi cacy of radiation therapy, as 
well as treatment-related toxicity. 

 In this chapter, we will begin by discussing the key 
considerations in the radiation pretreatment planning 
procedures. We will then focus on the many challenges 
associated with accurately defi ning the treatment vol-
ume, including a review of normal tissue tolerances and 
how these impact treatment planning. Finally, we will 
discuss the various radiation planning techniques for 
esophageal cancer. 

 RADITION PRE-PLANNING PROCEDURES 

 Computed Tomography–Based Simulation 

 Positioning 

 Patients may be simulated supine or prone, with a com-
puted tomography (CT)-slice distance of < 5mm. The 
advantage of prone simulation is that it theoretically in-
creases the distance between the esophagus and spine, 
allowing for less shallow off-cord obliques and conse-
quently less lung dose. The advantage of supine position-
ing is that this position is more comfortable for patients, 
especially given common medical comorbidities such as 
obesity, chronic obstructive pulmonary disease (COPD), 
and other debilitative conditions. If the patient is supine, 
it is recommended to use a mold or alpha cradle for im-
mobilization. For thoracic and gastroesophageal junc-
tion tumors, arms should be raised. 

 R
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 For patients with cervical esophageal cancers, pa-
tients should be positioned with arms down, masked, 
with chin extended, as would be standard for a patient 
with a head and neck cancer. This allows treatment of 
the supraclavicular fossa and neck nodal groups without 
skin folds. 

 Contrast 

 Intravenous contrast should be used if available in the 
radiation oncology department for proper delineation 
of regional nodal volumes (IV contrast ISOVUE 300, 
40 second delay, 100cc, 1.5 cc/s, 2.5 mm slices). Prior 
to administration, patients should be screened for his-
tory of contrast reaction and also have a normal serum 
creatinine documented.   

 Oral contrast is also recommended to visualize the 
esophageal lumen. A paste such as (Esopho-Cat 3% 
 Barium sulfate w/w, E-Z-EM, Westbury, NY) has worked 
well at our institutions. Paste specifi cally designed for 
esophageal is preferable to standard barium contrast as 
standard contrast can pool in the lower esophageal sphinc-
ter and cause signifi cant artifact and consequently may 
obscure the tumor. Typically, a teaspoon of esophageal 
contrast is suffi cient, as giving more can cause dilation of 
the esophagus that will not be present during treatment. 

 Target Volume Defi nitions 

 Defi ning the Tumor 

 Accurate delineation of the gross tumor volume (GTV) 
requires integration of the clinical history with endoscopy 
fi ndings, computed tomography (CT) imaging, and other 
imaging modalities such as positron-emission tomography 
(PET) scan and barium swallow. Physical examination will 
be helpful in denoting bulky supraclavicular and/or cer-
vical lymphadenopathy. Prior to simulation, all relevant 
studies should be carefully reviewed to most accurately 
defi ne the local as well as regional extent of the tumor. 

 Endoscopy is often the fi rst study reviewed, as it 
assists in defi ning the superior and inferior extent of the 
esophageal tumor. Endoscopy also provides information 
regarding tumor circumferentiality as well as bleeding. 
If an ultrasound is performed at the time of endoscopy 
(endoscopic ultrasound [EUS]), further information re-
garding depth of penetration (T-stage) and peritumoral 
nodal involvement (N-stage) will be obtained. Typically, 
longitudinal distances are given in centimeters from the 
incisors. Useful general landmarks are the postcricoid 
space at 15 cm, thoracic inlet at 18 cm, carina at 25 cm, 
and gastroesophageal junction (GEJ) at 40 cm. These 
are general estimates and may vary with head position 
at the time of endoscopy, patient size, and the presence 
of a hiatal hernia. Close attention should also be given 

to tumor extension into the GEJ or gastric cardia. It is 
often helpful to communicate directly with the gastroen-
terologist to determine the location of gastric extension. 
With or without regional nodal fi ne needle aspirate fi nd-
ings, EUS may also guide the defi nition of nodal gross 
tumor, as well as elective nodal volumes. The diagnostic 
staging (non-radiation planning) CT scan is also an im-
portant data set as it most closely represents the images 
obtained during CT simulation. Often, the quality of 
the diagnostic scan is superior to that of the radiation 
planning CT, particularly for distal esophageal and GEJ 
lesions. This is due to the difference in technique that is 
employed by diagnostic radiology. Diagnostic CT scans 
are often obtained in breath-hold to minimize motion ar-
tifact. The stomach is mildly infl ated to better ascertain 
gastric involvement. Furthermore, the intravenous con-
trast is pushed as opposed to dripped, which provides 
clearer visualization of pertinent vessels. The diagnostic 
CT scan should be carefully reviewed to help defi ne the 
extent of the esophageal tumor, as well as regional nodal 
coverage. 

 If a barium swallow is performed, it is a useful tech-
nique to visualize the site of a malignant stricture, as well 
as the extent of local disease. However, with the increased 
use of high-resolution CT scans with 3-dimensional (3-D) 
reconstruction, the use of barium swallow in our institu-
tions has markedly decreased. 

 [ 18 F]-fl uoro-2-deoxy-D-glucose positron-emission 
tomography (FDG-PET)–based planning may be useful 
in defi ning local and regional tumor extent. PET scanning 
has also demonstrated increased sensitivity in the staging 
of distant metastatic disease. Several studies have dem-
onstrated that the inclusion of PET information changes 
GTV defi nition in the majority of patients (1–5). 

 There are caveats, however, to PET-based radia-
tion planning. One major concern is the lack of consen-
sus on how best to segment tumor from normal tissue. 
Differences in segmentation methods can lead to sig-
nifi cant inter-observer variability. In the most qualita-
tive approach, the planner can simply window the PET 
images in the treatment planning system and the ap-
parent tumor length can consequently change. Another 
approach is to use a semiquantitative approach. One 
such method is to use standard uptake values (SUV) as a 
threshold level to defi ne tumor. Two fundamental prob-
lems exist with this approach. First, the SUV concept 
is limited by the need for accurate recording of time 
of injection and scanning, as well as accurate calcula-
tion of patient size. Second, it is unknown what lower 
threshold should be used. One common practice for 
lung cancer is to use a minimal SUV threshold of 2.5. 
Alternatively, acknowledging that each tumor has a 
unique SUV, one can defi ne tumor enclosed by an area 
of 40% or 50% of maximum intensity (1,5). However, 
this approach can lead to drastic differences in tumor 
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length. A fi nal approach is to use an automated tumor 
segmentation method whereby a lower threshold can 
be calculated based on internal control (such as liver) 
(2,3). However, no standard approach currently exists, 
nor has one been validated with pathology in a large 
cohort of patients. Another limitation of PET scanning 
is that the acquisition of data occurs over a prolonged 
period of time. Inherently, PET scanning lacks reliable 
resolution beyond 5 mm. The smearing of the image 
due to organ motion further increases this uncertainty. 
This limitation may be partially overcome by the simul-
taneous use of 4-dimensional (4-D) CT scanning (see 
section below). 

 The 2 most commonly used methods of incorpo-
rating PET into radiation pretreatment planning are the 
“side-by-side” comparison, whereby the planner evalu-
ates the PET scan on a separate screen from the planning 
CT, and the “fused” method in which the PET scan is ac-
tually fused to the planning CT scan, and the physician 
contours on either or both datasets. In our institutions, 
we are routinely fusing FDG-PET/CT scans done for 
diagnostic purposes to planning CT scans as an aid to 
defi ning the GTV, for both involved primary and nodal 
areas. Currently, the greatest utility in PET-based plan-
ning may be in detecting (Figure 52.1) non-continuous 
disease, especially nodal groups that may not be encom-
passable in a reasonable radiation portal (6).   

 Elective Target Coverage 

 Elective radiation fi eld coverage beyond the gross pri-
mary esophageal and nodal tumor volume has been 
heterogeneously described in the published literature. 
Elective coverage includes both the longitudinal esoph-
ageal extension beyond the GTV, as well as potential 
areas of regional nodal spread. This elective coverage is 
contained in the clinical target volume (CTV). 

 Longitudinal margins have ranged from including 
the whole esophagus, as in the Radiation Therapy Oncol-
ogy Group (RTOG) 8501 study (7), to an additional 5 cm 
to the local esophageal tumor edge (Figure 52.2). These 
margins acknowledge the risk of submucosal microscopic 
extension beyond the gross tumor volume. With the ad-
vent of the 3D-simulation era, new planning defi nitions 
were created to mirror the historical 2-dimensional (2D) 
conventions. As an example, RTOG esophageal protocol 
0123 specifi cally defi ned GTV, CTV, and PTV (planning 
target volume) (8). The CTV was defi ned to include the 
GTV with 4 cm proximal and distal margins, and 1 cm 
lateral margins. The PTV represented a 1–2 cm expan-
sion beyond the CTV to allow for variability in daily set-
up, as well as intra-fraction motion of the patient and/or 
targets.   

 Elective nodal coverage has also been variable, 
with some studies excluding celiac and supraclavicu-
lar coverage unless it was involved (9–11). In contrast, 

 FIGURE 52.2 

 Conventional anterior radiation field (digital reconstruction) 
with 5 cm longitudinal margins beyond the gross esophageal 
tumor. 

 FIGURE 52.1 

 FDG   avidity seen in a node (renal hilar) not previously iden-
tified as tumor bearing on staging CT scan. 
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studies in the United States have recommended supra-
clavicular coverage for proximal esophageal tumors and 
celiac coverage for distal or gastroesophageal junction 
tumors (8,12). 

 In general, it is reasonable to defi ne the CTV as 
3.5 to 4 cm longitudinally from the GTV and 1 to 2 cm 
radially. The celiac axis is included for distal esophageal 
and gastroesophageal junction tumors and supraclavicu-
lar nodes can be included for tumors above the carina. 
This CTV can be treated in general to 45 Gy in 1.8 Gy 
Monday through Friday daily fractions. 

 Internal Organ Motion and Patient Setup 

 In considering appropriate margins for uncertainty in 
tumor location, one must consider both setup variations 
and organ motion. Typically, patients are set up on a 
daily base to external cutaneous tattoos marked later-
ally and midline, and then aligned via laser coordinates 
in the treatment room (3-point landing). However, even 
with a rigid setup, this technique can lead to daily setup 
variations greater than 5 mm (13). Daily electronic im-
aging and image-guided techniques (such as cone beam 
CT scanning) currently employed in our institutions 
may improve this but thus far have not been validated 
for esophageal cancer. 

 Internal organ motion, particularly for distal tu-
mors, is another source of uncertainty in tumor loca-
tion. Four-dimensional (4-D) CT can be used ascertain 
tumor motion. 4-D CT scanning employs a surface array 
that is tracked by a camera system and placed on the 
patient’s abdomen. This array is used to monitor a pa-
tient’s respiratory phases. CT slices are then obtained 
and “binned” according to the specifi c respiratory phase 
during which it was acquired. These CT data can then 
be formatted into a movie that re-creates tumor and re-
spiratory motion. A recent study from the Massachusetts 
General Hospital (MGH) analyzing the effect of respira-
tory motion in 10 patients with esophageal tumors using 
4-D CT, demonstrated a median superior-inferior tumor 
motion of 2 cm, with 1 patient having a 4.8 cm excur-
sion (14). An example of this phenomenon is shown in 
Figure 52.3. This study highlights the variability in inter-
nal organ motion and the utility of individualizing PTV 
expansions. In general, a 1 to 2 cm margin superiorly 
and inferiorly, and a 1 cm margin radially, should be 
considered beyond the CTV.   

 RADIATION PLANNING CONSIDERATIONS 

 Owing to the advanced presentation of esophageal 
cancers, large radiation fi elds are commonly used. The 
treatment volume is further enlarged by the generous 
longitudinal margins necessary to cover submucosal 

spread and also the need to cover distant nodal basins 
(15), including celiac nodes for distal or GEJ tumors and 
supraclavicular nodes for more proximal cancers. These 
large fi elds encompass signifi cant volumes of normal tis-
sue including the heart and lungs. In this section, normal 
tissue considerations will be discussed as well as treat-
ment planning techniques. 

 Normal Tissue Considerations 

 Lung Dose and Pulmonary Toxicity 

 As with any normal tissue, radiation can cause compli-
cations in the lung. The clinical spectrum of this toxic-
ity is broad and can potentially be life-threatening. The 
2 most commonly described pulmonary complications 
are radiation pneumonitis and postoperative pulmonary 
morbidity. 

 Radiation Pneumonitis 

 Radiation pneumonitis, a common dose-limiting com-
plication of radiation therapy for lung cancer, is charac-
terized by persistent cough or shortness of breath arising 
6 weeks to 6 months after therapy, with radiologic ab-
normalities showing correlation with the photon beam 
path. This syndrome can have a signifi cant impact on 
a patient’s quality of life, and in rare instances, can be 
responsible for treatment-related mortality. 

 Numerous publications have evaluated dose-volume 
histogram (DVH) parameters predicting the risk of radi-
ation pneumonitis. Many parameters of lung dose have 
been described to correlate with risk of clinically signifi -
cant radiation pneumonitis. The largest clinical series, re-
ported by Kwa and colleagues, studied 540 patients from 
5 institutions who were pooled to determine the relation-
ship of dose distribution in the lung and grade > 2 radia-
tion pneumonitis (16). This analysis demonstrated that 
the risk of grade 2 or greater pneumonitis correlated with 
mean lung dose normalized to 2-Gy fraction equivalents 
(normalized total dose [NTD]). The authors concluded 
that using an NTD mean  of 20 Gy was associated with a 
normal tissue complication rate (NTCP) of 13% to 24%, 
which the authors deemed acceptable. Others have seen a 
similar relationship between the mean lung dose and the 
rate of clinically signifi cant pneumonitis (17–20). Other 
DVH parameters that have been found to be informative 
include V20 < 40% (19) and V30 < 18% (20). (Note: 
V20 represents the percentage of the lung that receives 
a dose of 20 Gy.) There remains no consistent evidence 
that any one of these characteristics is more accurate 
than another. Lung DVH analysis may also be compli-
cated by regional anatomic differences in lung sensitiv-
ity. A study by Yorke and colleagues examining DVH 
predictors of pneumonitis found that the dose received 
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by the contralateral lung and the upper portion of the 
lungs were not strong predictors of complications (17). 

 In spite of the signifi cant efforts to predict toxicity 
risk using DVH parameters, the concept of using dosi-
metric parameters has some fl aws. Firstly, the subjects 
included in these studies constitute a heterogeneous pop-
ulation of patients with respect to lung function and per-
formance status. Secondly, chemotherapy regimens have 
evolved over time and remain a confounding variable in 
any pneumonitis study (21). Finally, varying defi nitions 
of “lung” have been used (ipsilateral lung, combined 
lung, combined lung minus PTV, etc.). Hence, it is chal-
lenging to identify a defi nitive set of DVH parameters 
that correlate with a low pneumonitis risk. 

 Postoperative Pulmonary Complications 

 Postoperative pulmonary complications represent a 
clinically separate entity, which encompass any respira-
tory or pulmonary complications that occur in the post-
operative period. In contrast to radiation pneumonitis, 
postoperative pulmonary complications are generally 
regarded as an acute complication. In 1 large series from 
Hong Kong, pulmonary complications occurred in over 
15% of patients and accounted for 55% of the hospital 
deaths after esophagectomy (22). 

 The correlation between lung irradiation and post-
operative lung complications was examined by Wang and 
colleagues from the MD Anderson Cancer Center (23). 
In their study, 110 patients who underwent preoperative 
chemoradiation followed by esophagectomy were evalu-
ated. The trial endpoint was postoperative lung compli-
cations as defi ned by pneumonia or adult respiratory 
distress syndrome (ARDS) occurring within 30 days of 
surgery. Eighteen patients developed postoperative pul-
monary complications. The only independent predictor 
associated with postoperative pulmonary complications 
was the absolute lung volume spared from 5 Gy (also 
referred to as V5). The authors hypothesized that low-
dose radiation may sensitize the lung to the physiologic 
strain of surgery, which triggers subclinical damage that 
would not otherwise become clinically evident. 

 Cardiac Dose and Toxicity 

 Long-term cardiac morbidity and mortality from esopha-
geal radiation remain largely unknown. This is likely due 
to the lack of long-term follow-up and small patient num-
bers. However, it is clear that radiation can be cardiotoxic. 
The Early Breast Cancer Trialists’ Collaborative Group 
demonstrated an excess in cardiac deaths after 20 years 
of follow-up in the patients receiving radiotherapy (24), 

 FIGURE 52.3 

 4-D CT display of esophageal tumor motion. Panel on left shows location of tumor (circled in black) during inspiration and 
panel on right shows location of tumor (circled in white) in expiration.   Courtesy of Abhi Patel. 
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who generally received high doses to a small portion of 
the left ventricle. Modest dose to the whole heart can also 
place a patient at risk for cardiac toxicity. In an analysis 
by Ng and colleagues, survivors of Hodgkin’s disease had 
an absolute excess risk (AER, per 10,000 patient-years) 
of 5 to 7 in the time interval from 0 to 15 years after 
radiotherapy (25). However, the risk markedly increased 
to 13.9 between 15 and 20 years, and to 41.1 beyond 
20 years after therapy. Eriksson and colleagues similarly 
noted an increased risk of cardiac mortality (26). In an 
attempt to correlate these fi ndings with DVH param-
eters, 3 risk groups were identifi ed. The high-risk group 
received > 38 Gy to 35% of the whole cardiac volume. 
The intermediate-risk group received < 38 Gy to 35% 
of volume and > 35 Gy to 30% of volume. The low-risk 
group received < 35 Gy to no more than 30% of the vol-
ume. The excess risk of cardiovascular disease at 15 years 
was 7.9, 5.5, and 3.8% for the high-, intermediate-, and 
low-risk groups, respectively. These values had wide con-
fi dence intervals, refl ecting the relatively limited numbers 
of patients with long follow-up. 

 Although these data are not specifi c for patients 
with esophageal cancer treated with radiation, it is likely 
that these patients (if they are long-term survivors) may 
see a similarly increased risk of cardiac events. The car-
diac dose may become more important as cure rates 
improve. Thus, it is desirable, when performing radia-
tion pre-planning, to reduce cardiac dose as much as 
possible. For now, it seems that limiting the volume of 
heart, and in particular the left ventricle, to a radiation 
dose of < 40 Gy, is a reasonable goal, pending further 
investigation. As will be described, however, this goal is 
often not easily achievable, particularly when treating 
distal and GEJ tumors. 

 Current Normal Tissue Dose 
Recommendations 

 In the presence of multiple recommendations for these 
various endpoints, it has been our practice to integrate 
multiple DVH parameters into treatment planning. Cur-
rently, for lung, we employ a mean combined lung dose-
PTV of < 20 Gy, V5 < 50%, V13 < 40%, V20 < 30%, 
and a V30 < 20%. Regarding heart, we limit the V40 
< 10%, with particular attention in keeping the high-
dose radiation regions off of the left ventricle. Spinal 
cord dose is held to a maximum dose below 45 Gy. 

 Treatment Planning Techniques 

 The implementation of complete target coverage while 
maintaining normal tissue radiation dose constraints 
is dependent on quality radiation treatment planning. 
There has recently been the rapid development of novel 

radiation planning and delivery technologies in the past 
several years. Here, we will highlight the more com-
monly used technologies, and their limitations. 

 Three-Dimensional Conformal 
Radiation Therapy 

Three-dimensional conformal  radiation therapy (3-D 
CRT) specifi cally refers to the method of treatment plan-
ning whereby CT data are directly used for radiation 
treatment planning and dose calculation. Conceptually, 
this differs from the historic method of treatment plan-
ning with 2-D techniques. Briefl y, the traditional 2-D 
techniques relied on isocentric plain fi lms that mimic the 
geometry of treatment beams. Fields were based on bony 
anatomy and radio-opaque oral contrast. With 2-D, ac-
curate assessment of radiation dose to different normal 
structures is not feasible. 

 3-D CRT treatment planning allows for target defi -
nition directly based on CT information. Furthermore, a 
better assessment of radiation dose to normal structures 
can be performed. In 3-D CRT, a patient will undergo 
simulation as previously. These CT data are transferred 
to a treatment planning system where the radiation on-
cologist will contour the tumor as well as normal tissues. 
The radiation oncologist and dosimetrist then design 
beam arrangements. 

 The specifi c beam arrangement used is at the discre-
tion of the treating physician, but strives to achieve the 
normal tissue dose objectives previously outlined, as well 
as > 95% of the PTV covered by the prescription isodose 
line. One standard approach is to treat with parallel-
opposed anterior and posterior fi elds (AP/PA) until spi-
nal cord tolerance is reached. Afterwards, oblique angled 
beams that avoid the spinal cord are used to complete 
the treatment. Most commonly, parallel-opposed fi elds 
from right/anterior (RAO) and left/posterior (LPO) are 
used to decrease the cardiac dose. Another alternative 
method is to treat the tumor and nodal PTVs with AP/
PA fi elds to approximately 30.6 to 36 Gy, and then to 
treat with 3 fi elds (an anterior [AP] fi eld, and 2 poste-
rior off/cord oblique fi elds) to 45 to 50.4 Gy (see Figure 
52.4). We often employ a boost fi eld from 45 to 50.4 Gy 
using lateral or oblique fi elds to the GTV plus 2 to 3 cm. 
While these are commonly used beam arrangements, the 
treatment planner should strive to creatively meet treat-
ment planning goals acknowledging the highly variable 
anatomy from patient to patient. 

 Intensity Modulated Radiation Therapy 

 Intensity modulated radiation therapy (IMRT) affords 
the potential to shape high-dose radiation around nor-
mal structures while fully dosing the tumor and other 
at-risk areas. Conventional radiation techniques for 
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esophageal cancer utilize large static fi elds that produce 
somewhat homogeneous dose distributions and gener-
ous fi eld coverage. The fundamental difference between 
IMRT and 3-D CRT is the concept of inverse planning. 
As described before, in 3-D CRT, the treatment planner 
chooses static beams, and the radiation dose is analyzed 
after computation of relative dose from each beam. This 
process is known as  forward planning.  In contrast, in 
IMRT planning, the treatment planning system is given 
goals for tumor coverage and normal tissue sparing. The 
treatment planning system then creates an optimal inten-
sity map from the chosen beam angles to achieve these 
treatment goals. This  inverse planning  process allows 
for the creation of highly conformal radiation plans. 
However, in spite of its potential, data regarding the use 
of IMRT for esophageal cancer remain quite sparse. The 
integration of IMRT into clinical practice for esopha-
geal cancer is complicated by the continuously evolving 
literature on dose-volume predictors of pulmonary and 
cardiac complications, as already discussed. 

 In general, IMRT has been employed to either 
allow for dose escalation or greater normal tissue spar-
ing. Because of the lack of benefi t with dose escalation 
(8), the primary goal of IMRT in esophageal cancer is to 
reduce radiation dose to adjacent normal structures. Or-
gans of particular interest include the lungs, heart, spinal 
cord, liver, and kidneys. With a conventional planning, 
the doses to the spinal cord, liver, and kidneys are kept 
within tolerance with little diffi culty. Of greater interest 
is the potential of IMRT to reduce lung and cardiac dose. 

However, as described above, the precise dose-volume 
parameters predicting pulmonary and cardiac toxicity 
continue to evolve. Furthermore, it is unlikely that any 
defi nitive data will soon become available, as late effect 
data, by defi nition, take years to mature. Hence, the ben-
efi t of IMRT in esophageal cancer may continue to be 
limited until better dosimetric predictors of toxicity are 
established. 

 Dosimetric Studies 

 Little clinical data exist on the use of IMRT in esopha-
geal cancer. Most of the published current research to 
date has evaluated potential dosimetric advantages of 
IMRT over 3-D CRT. Wu and colleagues compared 
IMRT plans with forward and inverse 3-D CRT plans 
on 15 patients with mid-esophageal cancers (27). Plans 
were evaluated for target conformality as well as the dose 
received by the heart and lungs. A dose of 60 Gy was 
prescribed to isocenter with 95% of the PTV receiving 
58 Gy. The IMRT plans generated the most conformal 
high-dose distribution around the PTV ( P  = 0.008) as 
well as lower mean lung and cardiac dose. The authors 
concluded that IMRT might afford better potential for 
dose escalation. Fu and co-investigators reached a simi-
lar conclusion when comparing the ability of 3-D and 
IMRT to deliver simultaneous integrated boost (SIB) 
dose-escalated plans in which the GTV received 67.2 
(2.4 Gy/fraction) and 50.4 (1.8 Gy/fraction) Gy over 
28 fractions (28). Upper esophageal locations were spe-
cifi cally evaluated in 5 patients. The IMRT appeared to 
produce lower V20 and V30 in lung. Cardiac dose was 
not specifi cally addressed, due to the upper esophageal 
location. 

 In contrast to the 2 studies above, a study by Chan-
dra et al. specifi cally addressed the potential advantage 
of IMRT in distal esophageal cancers (29). Standard pre-
operative and defi nitive doses of 50.4 Gy were evaluated 
in 1.8 Gy/fractions. Ten patients were analyzed in this 
study. The IMRT plans showed signifi cant reduction in 
mean lung dose, as well as lung V10 and V20. There was 
no signifi cant reduction in cardiac dose over the 3-D CRT 
plans. 

 Because of the large volume treated for esophageal 
cancer, as well as the proximity of critical organs, IMRT 
has attractive potential in delivering better plans. How-
ever, much remains unknown about the routine use of 
IMRT for esophageal cancer. Firstly, it is unclear how 
one should balance dose constraints for lung and heart. 
The MD Anderson optimized plans to improve lung 
DVHs, but were then unable to signifi cantly lower car-
diac dose. Furthermore, attempts to limit cardiac dose 
or produce greater conformality of the high isodose lines 
may be associated with a “spraying” of the low dose 
isodose cloud into more lung tissue. 

 FIGURE 52.4 

 3-D CRT beam arrangement with an anterior field and 2 pos-
terior off/cord oblique fields. 
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 To examine this point, investigators at the MGH 
performed a dosimetric study with the goal of decreas-
ing cardiac dose in distal esophageal cancers (30). The 
CTV was defi ned by the CT-based GTV with a 5 cm 
cranial-caudal and a 2 cm radial expansion. Expansions 
of PTV were individualized based on 4-D CT. To treat 
the CTV to 50.4 Gy in 1.8 Gy fractions, 3-D CRT and 
IMRT plans were created. A “combined” plan was also 
created that treated the CTV to 36 Gy in 20 fractions 
using 3-D, followed by an IMRT boost for the fi nal 
14.4 Gy. In all plans, a cone down was performed after 
45 Gy, Figure 52.5. The treatment planning goals were, 
in order of priority: (a) spinal cord maximum dose 
< 45 Gy; (b) > 95% of the PTV covered by the prescrip-
tion isodose line; (c) lung dose restricted to a combined 
V20 < 30% and a mean lung dose of 20 Gy; (d) cardiac 
dose restricted to V40 < 20%; and (e) global hot spot of 
less than 15%. 

 DVH results for 15 3-D CRT, IMRT, and com-
bined distal esophageal plans are depicted in Table 52.1. 
The full IMRT plans were best able to reduce dose to the 
heart as measured by V40 and mean cardiac dose but 
were also associated with the highest V5 and V20 in the 
heart. 3-D CRT plans were least successful in achieving 
the cardiac planning constraints. The combined plans 
achieved both cardiac and pulmonary planning dose 
constraints, and displayed a superior lung V20. Mean 
lung doses were not signifi cantly different and equivalent 
uniform dose (EUD) analyses on 9 of the plans suggest 
that EUD for the high-dose CTV does not differ between 
plans. In this preliminary analysis for the treatment of 
distal esophageal cancers, a combined 3-D/IMRT plan 
(in contrast to full-course IMRT) achieved adequate car-
diac sparing while maintaining lower lung DVH param-
eters, as defi ned a priori.   

 These studies highlight the diffi culty in clinical 
translation of IMRT in the radiotherapeutic manage-
ment of esophageal cancer. Because an IMRT plan can 

TABLE 52.1
Comparative Dosimetry of 3-D, IMRT, 

and Combined Plan for Distal Esophageal Cancer

3-D CRT IMRT Combined

Heart

V40 26.0% 10.3% 17.9%

Mean dose 33.0 Gy 23.9 Gy 29.9 Gy

Lung

V5 56.3% 74.5% 64.9%

V20 27.2% 28.1% 22.3%

Global hot spot 56.6 Gy 58.1 Gy 56.0 Gy

While IMRT was able to meet all planning constraints, it pro-
duced the highest lung V5 and V20. Values are averaged over 
5 plans.

be optimized in any number of ways, trade-offs in dose 
to the normal structures are left to the discretion of the 
treatment planners. Currently, 3-D or IMRT approaches 
that achieve the above-stated dosimetric goals are con-
sidered reasonable. 

 CONCLUSION 

 Radiation therapy planning for esophageal cancer 
has multiple layers of complexity. Careful attention is 
warranted to the discussed issues of target defi nitions, 
normal tissue sparing, organ motion, and treatment 
delivery strategies. While acknowledging the common-
alities in treatment planning, radiation planning and 
treatment should remain individualized based on pa-
tient factors. 

 FIGURE 52.5 

 Comparative dosimetric trade-offs between (a) 3-D, (b) IMRT only, and (c) combined 3-D and IMRT. Note the increased lung 
volume receiving 5 Gy with the IMRT only plan (arrow). 
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espite major advances in surgi-
cal techniques, systemic therapy, 
and radiation treatment planning 
and delivery, 5-year survival rates 
for patients with locally advanced 

esophageal cancer remain dismally low, at around 10% 
to 15% (1). Surgical resection, when possible, remains the 
cornerstone of treatment; however, its utility as a mono-
therapy has been challenged (2,3). Since the early 1990s, 
there has been a developing trend to incorporate concur-
rent chemotherapy and radiotherapy (chemoradiother-
apy [CRT]) into the treatment regimen, to both control 
distant micrometastatic disease and enhance local radia-
tion effects (4–6). For locally advanced unresectable dis-
ease, defi nitive nonoperative treatment with CRT became 
the standard of care with the publication of the RTOG 
85–01 trial, which demonstrated a signifi cant survival 
benefi t for concurrent cisplatin-based CRT compared 
with radiotherapy (RT) alone (median survival 14 vs. 
9 months) (7–9). At present, 50 Gy RT plus 4 courses of 
cisplatin and 5-FU (with the fi rst 2 courses given concur-
rently with RT) remains a standard approach (7,10,11). 
For patients with clinically resectable cancer, optimal 
treatment remains a very controversial topic. The most 
common approaches include surgery alone, neoadju-
vant chemotherapy or chemoradiotherapy, and adjuvant 
chemoradiotherapy. In this chapter, we review the role 
of both neoadjuvant and adjuvant CRT in the treatment 

of locally advanced resectable esophageal cancer, with 
focus on the adjuvant approach. 

 The main advantage to neoadjuvant, or induc-
tion, CRT includes clinical downstaging of the tumor, 
thereby increasing the likelihood of achieving a com-
plete resection and improving local control. Addi-
tionally, there appears to be general preference for 
neoadjuvant over adjuvant CRT in patients who will 
ultimately require RT. This is primarily due to the in-
creased morbidity of radiation after surgery, as normal 
tissue tolerances are lower in a devascularized tumor 
bed, particularly following a gastric pull-up or intesti-
nal interposition (12). 

 At least 9 randomized controlled trials (RCT) have 
compared neoadjuvant CRT versus surgery alone, with 
confl icting results (13–21). Of these, only 2 trials have 
shown an overall survival benefi t with neoadjuvant 
CRT, both using a concurrent rather than sequential 
approach (14,18). In the fi rst study, known as the Irish 
trial, Walsh and colleagues randomized 113  patients to 
concurrent CRT with cisplatin, 5-FU, and 40 Gy RT 
followed by surgery versus surgery alone (14). Two 
courses of cisplatin and 5-FU were administered during 
weeks 1 and 6 of RT, which was delivered to a total 
dose of 40 Gy in 15 fractions over 3 weeks via either 
an AP-PA fi eld or a 3-fi eld technique. Surgery was per-
formed approximately 4 to 6 weeks after induction 
CRT. Approximately 25% of patients who underwent 
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neoadjuvant therapy were noted to achieve a complete 
pathologic response, and when the surgical specimens 
were compared, regional nodal involvement was less 
frequent in the CRT group (42% vs. 82%). Trimodality 
therapy was associated with signifi cantly longer median 
survival (16 months vs. 11 months) and 3-year survival 
(32% vs. 6%). ( P  = 0.001). In the second trial, CALGB 
9781, Tepper and colleagues randomized patients with 
adenocarcinoma or squamous cell carcinoma of the 
esophagus to either neoadjuvant CRT with cisplatin 
and 5-FU followed by surgery or surgery alone. RT was 
delivered in standard fractions to a total dose of 50.4 Gy. 
The study was closed prematurely with only 56 pa-
tients enrolled due to poor accrual. Preliminary results 
showed that 40% of the patients undergoing neoadju-
vant therapy achieved a pathologic complete response. 
It also showed a statistically signifi cant improvement in 
both local control and overall survival in the induction 
arm. The 5-year survival rate was 39% in the trimodal-
ity arm versus 16% in the surgery alone arm ( P  = 0.008) 
(18). Neither the Irish trial nor the CALGB 9781 trial 
showed a difference in perioperative morbidity or mor-
tality with trimodality therapy. 

 Other randomized trials have not shown a statis-
tically signifi cant survival advantage with neoadjuvant 
CRT (13,15–17,19–21). However, these trials have been 
criticized for using suboptimal chemotherapy regimens, 
inadequate RT dose-fractionation schedules, or sequen-
tial rather than concurrent CRT. 

 Two meta-analyses of the RCTs comparing neo-
adjuvant CRT versus surgery alone have shown a 
signifi cant benefi t to neoadjuvant treatment (22,23). 
In a meta-analysis of 6 trials, Fiorica and colleagues 
demonstrated a signifi cant reduction in 3-year mor-
tality after neoadjuvant CRT compared with surgery 
alone (odds ratio 0.53,  P  = 0.03) as well as more fre-
quent downstaging of the tumor (odds ratio 0.43, 
 P  = 0.001) (22). The second meta-analysis by Urschel 
and colleagues included patients enrolled on 9 RCTs. 
When trials using both concurrent and sequential CRT 
were included, the study showed a nonsignifi cant trend 
towards improved 3-year survival with neoadjuvant 
CRT compared with surgery alone (odds radio 0.66, 
 P  = 0.36). The improvement became statistically sig-
nifi cant when the analysis was restricted to the subset 
of trials using concurrent CRT only (odds ratio 0.45, 
 P  = 0.005) (23). A third meta-analysis of 10 RCTs com-
paring preoperative CRT versus surgery alone came to 
the same conclusion (24). 

 In current practice, neoadjuvant CRT followed by 
surgery is the most common approach for patients with 
locally advanced resectable esophageal cancer. Whether 
this approach adds benefi t to surgery for potentially re-
sectable disease remains a controversial area. 

 ROLE OF ADJUVANT RADIOTHERAPY 

 Adjuvant radiotherapy has been used to decrease the risk 
of locoregional recurrence and to attempt to improve 
survival in the settings of locally advanced (T3 or T4) 
tumors, gross residual disease, microscopically posi-
tive margins, multiple positive nodes, or extracapsular 
extension. 

 Adjuvant Radiotherapy versus Surgery Alone 

 There are 5 published phase III trials that have compared 
adjuvant RT versus surgery alone (25–29). No overall 
survival advantage for adjuvant RT was seen in these 
studies, though they consistently showed improved local 
control with adjuvant RT, especially in the subgroup of 
patients receiving palliative resections. 

 Teniere and colleagues from France performed a 
multi-institutional trial from 1979 to 1985 randomiz-
ing 221 patients with squamous cell carcinoma of the 
mid-lower esophagus postoperatively to either RT or no 
further treatment (26). All patients underwent R0 resec-
tion. Those randomized to radiation received postopera-
tive standard fractionation RT to a total dose of 45–55 Gy 
within 3 months of surgery. Extended fi eld RT was used, 
with bilateral supraclavicular fossae and mediastinum 
covered in all patients, and celiac fi elds covered only for 
pathologically positive celiac nodes. There was no dif-
ference in overall survival at 5 years (19% in both arms). 
In node-positive patients, there was a trend towards im-
proved locoregional recurrence with adjuvant RT com-
pared with surgery alone (local failure 30% vs. 38%). 
The improvement in locoregional control was signifi cant 
in the subset of patients with node-negative disease, with 
a local failure rate of 10% in irradiated patients versus 
15% in patients treated with surgery alone. 

 The second trial by Fok and colleagues at the Uni-
versity of Hong Kong randomized 130 patients with 
esophageal cancer of predominantly squamous histol-
ogy to postoperative radiotherapy versus no further 
treatment (27). Of the total 130 patients enrolled on 
the study, 60 patients underwent curative resection and 
70 patients underwent palliative resection prior to ran-
domization. Radiation was delivered to a total dose of 
49 Gy for the patients with curative resection, and 52.5 Gy 
for those with palliative resection. The dose per fraction 
was 3.5 Gy. The target volume covered a 5 cm margin 
at both cephalad and caudad ends of the initial tumor as 
shown by a preoperative barium swallow. Standard cir-
cumferential margins were used. If the resection margin 
was positive, the irradiation was extended to cover the 
esophageal anastomosis, if the anastomosis was not al-
ready within the target volume. There was a statistically 
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signifi cant reduction in overall survival in patients who 
received RT. Median survival was 8.7 months in the 
postoperative RT arm versus 15.2 months in the surgery 
alone arm ( P  = 0.02). In patients undergoing a curative 
resection, the local recurrence rate was similar between 
the 2 treatment arms (10% S+RT versus 13% S,  P  > 0.05). 
However, among patients undergoing a palliative resec-
tion, the local recurrence rate was signifi cantly lower 
after adjuvant RT (20% vs. 46%,  P  = 0.04). It was 
also noted that patients who had residual disease after 
resection were less likely to die of a tracheobronchial 
obstruction if they received adjuvant RT (7% vs. 33%, 
 P  = 0.07). There was no difference in the rate of dis-
tant metastases between treatment arms (S+RT 42% vs. 
S 55%,  P  = 0.16). Treatment-related morbidity (gastric 
pull-up complications) was substantially higher with RT 
(S+RT 37% vs. S 6%,  P  < 0.0001). Six fatal bleeds were 
reported in the RT arm. The authors concluded that 
postoperative RT was associated with signifi cantly in-
creased morbidity and mortality with decreased overall 
survival. The high rate of treatment-related complica-
tions was felt to be due possibly to the large radiation 
fractions and total dose delivered leading to a high over-
all biologically equivalent dose. 

 Zieren and colleagues from Germany randomized 
68 patients who underwent curative resection for squa-
mous cell carcinoma of the esophagus to adjuvant RT 
versus observation. Patients with stage II to IV tumors 
who underwent a R0 resection were enrolled. Radiation 
was delivered in standard fractions to 55.8 Gy. For upper 
thoracic esophagus tumors, bilateral supraclavicular 
fossae were included. The celiac nodes were covered for 
tumors in the lower thoracic esophagus. Results showed 
no difference in overall or disease-free survival between 
the treatment arms. The overall survival at 3 years was 
22% in the irradiation arm and 20% in the observation 
arm. Postoperative RT signifi cantly increased the inci-
dence of fi brotic esophagogastric or esophagocolonic 
strictures (28). 

 Xiao and colleagues from China randomized 495 
patients with squamous cell carcinoma of the esophagus 
to adjuvant RT versus no further treatment from 1986 
to 1997. Most tumors were located in the mid-thoracic 
esophagus (67%) and at least T3 (69%). Nearly half of 
the patients had node-positive disease (48%). Patients 
received RT to a total dose of 60 Gy, with 40 Gy de-
livered AP-PA and the remaining 20 Gy delivered with 
an off-cord technique. Extended fi eld RT was used cov-
ering supraclavicular, mediastinal, periesophageal, and 
perigastric nodes. Overall, no survival benefi t was seen 
with adjuvant RT. The 5-year overall survival rate was 
41.3% in the RT arm versus 37.1% in the surgery arm 
( P  = 0.45). A subanalysis of patients with node-negative 
disease did not show any improvement in 5-year survival 

with RT (S+RT 52.8% vs. S 51%,  P  = 0.95). However, 
in the subset of patients with positive lymph nodes, 
there was a trend toward improved survival at 5 years 
(S+RT 29.2% vs. S 14.7%,  P  = 0.07). When stratifi ed by 
stage, the subset of patients with stage III disease who 
received adjuvant RT had a signifi cantly higher 5-year 
survival rate compared with patients receiving surgery 
as monotherapy (S+RT 35.1% vs. S 13.1%,  P  = 0.003). 
Patients receiving RT also had signifi cantly lower rates 
of intrathoracic failure (16.2% vs. 25%,  P  = 0.015), 
supraclavicular failure (3.1% vs. 13.8%,  P  < 0.05), and 
anastomotic recurrence (0.5% vs. 5.8%,  P  = 0.003). 
There was no signifi cant increase in anastomotic steno-
sis or rate of distant failure between the 2 arms. 

 A 2005 update of the above study further examined 
the impact of RT in node-positive versus node-negative 
patients (30). Patients were stratifi ed into 3 groups: no 
lymph node involvement, 1 to 2 lymph nodes involved, 
and 3 or more lymph nodes involved. In patients with 
node-positive disease, the 5-year overall survival rate 
was signifi cantly higher with adjuvant RT versus sur-
gery alone (34.1% vs. 17.6%,  P  = 0.038). In patients 
with node-negative disease, 5-year overall survival was 
similar between treatment arms (51.4% S+R vs. 53% S, 
 P  > 0.05). Overall, patients with 3 or more positive 
lymph nodes fared worse than patients with 1 to 2 posi-
tive lymph nodes. Among patients with 1 to 2 positive 
lymph nodes, the 5-year overall survival rate was 45.1% 
with adjuvant RT and 23.5% with surgery alone. Among 
patients with 3 or more positive lymph nodes, the 5-year 
overall survival rate was 20.6% with adjuvant RT; there 
were no survivors among those receiving surgery alone. 

 Adjuvant Radiotherapy versus 
Adjuvant Chemotherapy 

 The Japanese Esophageal Oncology Group performed 
a phase III trial comparing RT and chemotherapy as 
adjuvant treatments for esophageal cancer (31). Total 
258 patients who had undergone uncomplicated curative 
resection were enrolled between 1985 and 1987. There 
was no surgery alone control arm. Histology was not 
specifi ed. There were no restrictions in terms of staging. 
Approximately 40% patients in both arms were stage II 
or lower. Nearly 30% were node-negative in both arms. 
Patients randomized to the RT arm received 50 Gy stan-
dard fractionation adjuvant RT to an extended radia-
tion fi eld. Patients randomized to the chemotherapy arm 
received 2 cycles of cisplatin (50 mg/m 2 ) and vindesine 
(3 mg/m 2 ) separated by 3 weeks. Protocol-prescribed treat-
ment was completed in 91% of patients. There was no 
signifi cant difference in 5-year survival rates between the 
RT and chemotherapy arms (44% vs. 42%, respectively). 
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Local recurrence rates were similar as well (RT 22% vs. 
C 25%,  P  > 0.05). 

 Adjuvant Chemoradiotherapy 
versus Surgery Alone 

 MacDonald and colleagues evaluated the role of ad-
juvant CRT following surgery in 556 patients with 
resectable adenocarcinoma of the stomach or gastro-
esophageal junction (GEJ) who were treated between 
1991 and 1998 (32). Approximately 20% of the pa-
tients had GEJ tumors. Patients were randomly as-
signed postoperatively to CRT versus observation. 
Patients with stage IB to stage IV were eligible for enroll-
ment; 85% had node-positive disease. A total dose of 
45 Gy RT was delivered to the tumor bed and regional 
lymph nodes in 25 fractions. Chemotherapy consisted 
of 1 cycle of 5-FU and leucovorin prior to radiation, fol-
lowed by concurrent 5-FU during radiation and 2 addi-
tional cycles of 5-FU and leucovorin after radiation was 
completed. Three-year survival rates were signifi cantly 
improved in the CRT arm compared with the surgery-
only arm (50% vs. 41%,  P  = 0.005). Median dura-
tion of survival was 36 months in the CRT arm versus 
27 months in the surgery-only arm (hazard ratio 1.35). 
Three-year relapse-free survival rates (48% vs. 31%) 
and the median duration of relapse-free survival was 
signifi cantly greater in the CRT arm versus the surgery-
only arm (30 versus 19 months,  P  < 0.0001). The local 
failure rate was higher in the surgery-only arm (29% 
vs. 19%). 

 Bedard and colleagues performed a retrospective 
review of 70 patients with resected node-positive esoph-
ageal carcinoma who either received adjuvant CRT 
or no further treatment between 1991 and 1997 (33). 
Patients with squamous cell carcinoma or adenocarci-
noma histology and thoracic esophagus or GEJ loca-
tion were included. Patients in the CRT arm received 
concurrent CRT consisting of 4 cycles of chemotherapy 
(cisplatin, 5-FU with or without epirubicin), the fi rst 
2 prior to radiation, then 2 concurrent with radia-
tion. RT was delivered in standard fractions to a total 
dose of 50 Gy, with the fi rst 36 Gy delivered AP-PA 
followed by 14 Gy using an off-cord technique with 
CT-based planning. No specifi c data on the number of 
positive lymph nodes or extracapsular extension were 
provided. The median overall survival was signifi cantly 
better in the adjuvant CRT arm at 47.5 months versus 
14.1 months in the surgery alone arm ( P  = 0.001). The 
5-year overall survival was 48% in the adjuvant CRT 
arm; there were no survivors in the surgery alone arm 
at 5 years. There was an increased rate of locoregional 
recurrence in the surgery alone arm (35% vs. 13%, 

 P  = 0.09). Toxicities in the CRT arm were acceptable. 
There were no treatment-related deaths. Grade 3 GI 
toxicity was reported in 46% of patients; there was no 
grade 4 GI toxicity. Grade 3 and grade 4 hematologic 
toxicities were reported in 21% and 16% of the pa-
tients, respectively. The authors concluded that adju-
vant concurrent CRT was safe, feasible, and improved 
overall survival in patients with locally advanced re-
sectable esophageal cancers. 

 Rice and colleagues reported retrospective data 
on 31 patients with locally advanced esophageal can-
cer (T3+, N1 or M1a) treated with adjuvant CRT at 
the Cleveland Clinic (34). Results were compared 
against those of 52 patients with similar advanced 
disease who received no adjuvant therapy after sur-
gery. Radiation consisted of 50.4 to 59.4 Gy in stan-
dard fractions. Chemotherapy consisted of two 4-day 
cycles of intravenous 5-FU (1000 mg/m 2 /d) and cispla-
tin (20 mg/m 2 /d). Patients who received adjuvant CRT 
showed an improved median survival of 28 versus 
15 months in patients who underwent surgery alone 
( P  = 0.05). The 4-year overall survival rates for the 
adjuvant CRT versus surgery alone arms were 44% 
versus 0%. 

 Adjuvant Chemoradiotherapy versus 
Adjuvant Radiotherapy 

 Liu and colleagues from Taiwan reported a non-
 randomized study that prospectively enrolled 60 patients 
with T3–4 N0–1 squamous cell carcinoma of the esoph-
agus from 1999 to 2002 (35). Patients were assigned to 
receive either adjuvant RT or adjuvant concurrent CRT 
(30 patients per treatment arm). RT delivery was identi-
cal between treatment arms. The postoperative tumor 
bed and surrounding regional lymph nodes were treated 
initially to 40 Gy using an AP-PA technique followed by 
an off-cord boost of 15 to 20 Gy using 3-D conformal 
treatment planning with longitudinal and radial margins 
of 5 cm and 3 cm, respectively. The mean dose delivered 
was 58.2 Gy. Patients in the CRT arm received concur-
rent chemotherapy that consisted of weekly cisplatin 
(30mg/m 2 ) during RT. Subsequently, adjuvant chemo-
therapy with cisplatin (100 mg/m 2 ) and bolus 5-FU 
(1000 mg/m 2 ) was delivered in 4 monthly cycles given 
over 5 days every month. In the CRT arm, all patients 
completed protocol-prescribed RT, 50% received all 6 
weekly cycles of concurrent chemotherapy, 34% received 
4 of 6 cycles of concurrent chemotherapy, 16% received 
fewer than 4 cycles of concurrent chemotherapy, and 
50% received all 4 cycles of adjuvant chemotherapy. 
In the RT alone arm, 80% received the intended radia-
tion dose. The CRT arm showed signifi cantly improved 
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3-year overall survival of 70% compared with 33.7% 
in the RT alone arm ( P  = 0.003). Mean survival was 
31.7 months in the CRT arm versus 20.7 months in 
the RT alone arm. Locoregional and distant failure 
rates were lower in the CRT arm versus the RT alone arm 
(40% vs. 60% and 27% vs. 57%, respectively). Toxic-
ity rates with the CRT regimen were modest compared 
with adjuvant CRT regiments used in previous studies. 
The only grade 3 or 4 toxicities that occurred were he-
matologic, affecting 20% of patients in the CRT arm 
versus 17% in the RT arm. The authors concluded that 
adjuvant CRT improved overall survival in locoregion-
ally advanced esophageal cancers with an acceptable 
toxicity profi le. 

 CONCLUSION 

 Despite the controversial fi ndings regarding survival ben-
efi t, improvements in postoperative morbidity and mor-
tality, and tumor response, the authors feel that there is a 
therapeutic role for trimodality therapy with CRT and sur-
gery for locally advanced resectable esophageal carcinoma. 
Adjuvant chemoradiation should be considered in patients 
with T3 or T4 lesions, node-positive disease, and/or posi-
tive margins because it can provide a meaningful benefi t in 
terms of locoregional control. We recommend treating the 
tumor bed and the involved locoregional lymph nodes to 
a dose of 45–50.4 Gy with concurrent Cisplatin and 5-FU 
based chemotherapy. 

 References 
  1. Jemal A, Siegel R, Ward E, et al. Cancer Statistics, 2008.  CA Cancer J Clin.  2008. 
  2. O’Reilly S, Forastiere AA. Is surgery necessary with multimodality treatment of 

 oesophageal cancer.  Ann Oncol.  1995;6:519–521. 
  3. Coia LR. Esophageal cancer: is esophagectomy necessary?  Oncology (Williston Park).  

1989;3:101–110; discussion 110–101, 114–105. 
  4. McGinn CJ, Kinsella TJ. The experimental and clinical rationale for the use of 

S-phase-specifi c radiosensitizers to overcome tumor cell repopulation.  Semin Oncol.  
1992;19:21–28. 

  5. Forastiere AA. Treatment of locoregional esophageal cancer.  Semin Oncol.  1992;19:
57–63. 

  6. Herscher LL, Cook JA, Pacelli R, et al. Principles of chemoradiation: theoretical and 
practical considerations.  Oncology (Williston Park).  1999;13:11–22. 

  7. Herskovic A, Martz K, al-Sarraf M, et al. Combined chemotherapy and radiotherapy 
compared with radiotherapy alone in patients with cancer of the esophagus.  N Engl J 
Med.  1992;326:1593–1598. 

  8. al-Sarraf M, Martz K, Herskovic A, et al. Progress report of combined chemoradio-
therapy versus radiotherapy alone in patients with esophageal cancer: an intergroup 
study.  J Clin Oncol.  1997;15:277–284. 

  9. Cooper JS, Guo MD, Herskovic A, et al. Chemoradiotherapy of locally advanced 
esophageal cancer: long-term follow-up of a prospective randomized trial (RTOG 
85–01). Radiation Therapy Oncology Group.  JAMA.  1999;281:1623–1627. 

  10. Minsky BD, Pajak TF, Ginsberg RJ, et al. INT 0123 (Radiation Therapy Oncol-
ogy Group 94–05) phase III trial of combined-modality therapy for esophageal 
cancer: high-dose versus standard-dose radiation therapy.  J Clin Oncol.  2002; 
20:1167–1174. 

  11. Rebecca WO, Richard MA. Combined chemotherapy and radiotherapy (without 
surgery) compared with radiotherapy alone in localized carcinoma of the esophagus. 
 Cochrane Database Syst Rev.  2003:CD002092. 

  12. Czito BG, Denittis AS, Willett CG. Esophageal cancer. In: Halperin EC, Perez CA, 
Brady LW, et al., eds.  Perez and Brady’s Principles and Practice of Radiation Oncology . 
5th ed. Philadelphia: Lippincott Williams & Wilkins; 2008:1131–1153. 

  13. Urba SG, Orringer MB, Turrisi A, et al. Randomized trial of preoperative chemoradia-
tion versus surgery alone in patients with locoregional esophageal carcinoma.  J Clin 
Oncol.  2001;19:305–313. 

  14. Walsh TN, Noonan N, Hollywood D, et al. A comparison of multimodal therapy and 
surgery for esophageal adenocarcinoma.  N Engl J Med.  1996;335:462–467. 

  15. Bosset JF, Gignoux M, Triboulet JP, et al. Chemoradiotherapy followed by surgery 
compared with surgery alone in squamous-cell cancer of the esophagus.  N Engl J Med.  
1997;337:161–167. 

  16. Bains MS, Stojadinovic A, Minsky B, et al. A phase II trial of preoperative combined-
modality therapy for localized esophageal carcinoma: initial results.  J Thorac Cardio-
vasc Surg.  2002;124:270–277. 

  17. Burmeister BH, Smithers BM, Gebski V, et al. Surgery alone versus chemoradiotherapy 
followed by surgery for resectable cancer of the oesophagus: a randomised controlled 
phase III trial.  Lancet Oncol.  2005;6:659–668. 

  18. Tepper JE, Krasna M, Niedzwiecki D, et al. Superiority of trimodality therapy to sur-
gery alone in esophageal cancer: results of CALGB 9781.  J Clin Oncol, 2006 ASCO 
Annual Meeting Proceedings (Post-Meeting Edition).  2006;24:4012. 

  19. Stahl M, Stuschke M, Lehmann N, et al. Chemoradiation with and without surgery 
in patients with locally advanced squamous cell carcinoma of the esophagus.  J Clin 
Oncol.  2005;23:2310–2317. 

  20. Nygaard K, Hagen S, Hansen HS, et al. Pre-operative radiotherapy prolongs survival 
in operable esophageal carcinoma: a randomized, multicenter study of pre-operative 
radiotherapy and chemotherapy. The second Scandinavian trial in esophageal cancer. 
 World J Surg.  1992;16:1104–1109; discussion 1110. 

  21. Le Prise E, Etienne PL, Meunier B, et al. A randomized study of chemotherapy, radia-
tion therapy, and surgery versus surgery for localized squamous cell carcinoma of the 
esophagus.  Cancer.  1994;73:1779–1784. 

  22. Fiorica F, Di Bona D, Schepis F, et al. Preoperative chemoradiotherapy for oesophageal 
cancer: a systematic review and meta-analysis.  Gut.  2004;53:925–930. 

  23. Urschel JD, Vasan H. A meta-analysis of randomized controlled trials that compared 
neoadjuvant chemoradiation and surgery to surgery alone for resectable esophageal 
cancer.  Am J Surg.  2003;185:538–543. 

  24. Gebski V, Burmeister B, Smithers BM, et al. Survival benefi ts from neoadjuvant chemo-
radiotherapy or chemotherapy in oesophageal carcinoma: a meta-analysis.  Lancet 
Oncol.  2007;8:226–234. 

  25. Kunath U, Fischer P. Radical nature and life expectancy in the surgical treatment of esoph-
ageal and cardial carcinoma [in German].  Dtsch Med Wochenschr.  1984;109:450–453. 

  26. Teniere P, Hay JM, Fingerhut A, et al. Postoperative radiation therapy does not in-
crease survival after curative resection for squamous cell carcinoma of the middle and 
lower esophagus as shown by a multicenter controlled trial. French University Associa-
tion for Surgical Research.  Surg Gynecol Obstet.  1991;173:123–130. 

  27. Fok M, Sham JS, Choy D, et al. Postoperative radiotherapy for carcinoma of the esoph-
agus: a prospective, randomized controlled study.  Surgery.  1993;113:138–147. 

  28. Zieren HU, Muller JM, Jacobi CA, et al. Adjuvant postoperative radiation therapy 
after curative resection of squamous cell carcinoma of the thoracic esophagus: a pro-
spective randomized study.  World J Surg.  1995;19:444–449. 

  29. Xiao ZF, Yang ZY, Liang J, et al. Value of radiotherapy after radical surgery for esoph-
ageal carcinoma: a report of 495 patients.  Ann Thorac Surg.  2003;75:331–336. 

  30. Xiao ZF, Yang ZY, Miao YJ, et al. Infl uence of number of metastatic lymph nodes on 
survival of curative resected thoracic esophageal cancer patients and value of radio-
therapy: report of 549 cases.  Int J Radiat Oncol Biol Phys.  2005;62:82–90. 

  31. Japanese Esophageal Oncology Group. A comparison of chemotherapy and radiotherapy 
as adjuvant treatment to surgery for esophageal carcinoma.  Chest.  1993;104:203–207. 

  32. Macdonald JS, Smalley SR, Benedetti J, et al. Chemoradiotherapy after surgery com-
pared with surgery alone for adenocarcinoma of the stomach or gastroesophageal junc-
tion.  N Engl J Med.  2001;345:725–730. 

  33. Bedard EL, Inculet RI, Malthaner RA, et al. The role of surgery and postoperative 
chemoradiation therapy in patients with lymph node positive esophageal carcinoma. 
 Cancer.  2001;91:2423–2430. 

  34. Rice TW, Adelstein DJ, Chidel MA, et al. Benefi t of postoperative adjuvant chemo-
radiotherapy in locoregionally advanced esophageal carcinoma.  J Thorac Cardiovasc 
Surg.  2003;126:1590–1596. 

  35. Liu HC, Hung SK, Huang CJ, et al. Esophagectomy for locally advanced esophageal 
cancer, followed by chemoradiotherapy and adjuvant chemotherapy.  World J Gastro-
enterol.  2005;11:5367–5372. 





407

  54   
Neoadjuvant Therapy

 

 Daniel J. Boffa 
 Frank C. Detterbeck 

his chapter is focused on neoadju-
vant therapy for esophageal cancer, 
sometimes also referred to as in-
duction therapy. This is defi ned as 
preoperative therapy with intent to 

cure. Neoadjuvant therapy can consist of radiotherapy 
alone (RT), chemotherapy alone (CT), or chemoradio-
therapy (CRT). Some of the more recent neoadjuvant 
treatment strategies also administered adjuvant (or post-
operative) chemo- or radiotherapy. These are included 
in this chapter with part of a neoadjuvant treatment 
plan, but adjuvant therapy given without an induction 
component is discussed in Chapter 62. 

 This chapter focuses on randomized clinical trials 
that have compared a form of neoadjuvant therapy to 
surgery alone. We have carried out a careful literature 
search for randomized clinical trials in esophageal can-
cer that involved surgery and neoadjuvant or induction 
therapy. We have also used the reference lists of random-
ized trials and meta-analyses to search for articles. We 
have included all trials that have been fully published in 
English, omitting trials published only in abstract form. 
In addition, we have included meta-analyses of such ran-
domized trials. 

 This review of randomized trials spans more than 
3 decades (1970 to 2002) and includes publications 
through the end of 2007. During this time many changes 
have occurred in the care of esophageal cancer patients. 

For example, surgical technique and patient care have 
contributed to operative mortalities declining from 20% 
in the earliest trials to less than 5% in the most recent tri-
als. In most of the studies, staging was typically limited 
to history, endoscopy, barium swallow, chest radiograph 
(CXR), and blood testing. Chemotherapy regimens and 
the ability to minimize toxicity have changed. There 
have also been major advances in the technology of ra-
diotherapy, resulting in much more accurate targeting 
and less toxicity to nearby normal tissues. Therefore, at-
tempts to make comparisons between treatment strate-
gies as well as individual trials must be mindful of the 
era in which the patients were cared for. 

 It is quite possible that inaccurate staging allowed 
patients with undetected distant metastases to be in-
cluded into the randomized trials; however, the process 
of randomization should balance any staging inaccura-
cies between the treatment arms. 

 PATIENT POPULATION OF 
PHASE III STUDIES 

 Patient Characteristics 

 The patients included in randomized studies of neoadju-
vant therapy for esophageal cancer over the past 3 de-
cades have been predominantly men, with a mean age 

 T
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of 63, and good to excellent performance status (PS). 
Approximately two-thirds of the patients were PS 0 sev-
eral studies (1,2), while the majority of patients were 
PS 1 in others (3,4). This is fairly representative of pa-
tients in general with esophageal cancer (Table 54.1). In 
fact, a review of U.S. National Cancer Database (NCDB) 
of 5,044 esophageal cancer patients in 1994 disclosed a 
3:1 ratio of men to women and a mean age of 67 years 
(5). That being said, the randomized studies do include 
some data from patients outside of this narrow de-
scription. For example, the oldest randomized patients 
ranged from 65 to 84 years of age (median 74). With 
respect to performance status, 3% of the patients in one 
of the largest neoadjuvant studies (n = 802) were a per-
formance status of 2 or more (1). 

 The extent of weight loss was infrequently speci-
fi ed for the randomized patients. Several studies ex-
cluded patients who had lost more than 15% of their 
total body weight prior to being evaluated (2,6,7). At 
the other end of the spectrum, the neoadjuvant stud-
ies reported by Kelsen et al. and Lee et al. stand out as 
including particularly large fractions of patients with a 
substantial weight loss (23% and 17%, respectively of 
patients with a loss of  >  10% of their total body mass 
prior to randomization) (8,4). 

 Tumor Characteristics 

 Squamous cell carcinoma (SCC) has been the most 
widely studied esophageal tumor, refl ecting the pre-
dominance of this histology worldwide. Thirteen of the 
20 randomized studies reviewed in this chapter con-
tained exclusively SCC, and 1 included only adenocarci-
noma (Table 54.1). Among the 6 remaining trials, SCC 
made up a median of 37% of the patients (range 25% 
to 45%). That being said, adenocarcinoma has been be-
coming much more common, especially in the United 
States and western Europe (1,5,8). More recent trials 
conducted in these regions have refl ected the inclusion 
of many patients with adenocarcinoma (1,8). 

 All studies excluded patients with systemic metas-
tases, which in the present era translates to more than 
a third of all patients with esophageal cancer (9). The 
trials that required CT scanning offer the best estimate 
of preoperative stage. In general the trials included rela-
tively few stage I patients (range 0%–18%) (2,4,10,11), 
which is similar to the fraction of stage I patients in the 
1994 NCDB review (14%) (5). On the other hand, the 
randomized studies varied substantially in the prevalence 
of clinically detected lymph node metastases: Burmeis-
ter, 16% (3); Ancona, 33% (10); Baba, 38% (12); Urba, 
42% (13); Lee, 65% (4). The NCDB reports the preva-
lence of clinically detected lymph nodes at that time to 
be between 23% and 45% (clinical stage II and III, as 
stage II was not separated into IIA and IIB) (5). 

 Tumor Staging 

 The patients included in the randomized studies were 
relatively poorly staged by modern standards. Esopha-
geal ultrasound (EUS) was used in only a minority of 
studies (Table 54.1), and PET was not used in any of 
them. In fact, not even a CT scan was required in 9 out 
of the 20 studies. This fact must be kept in mind when 
interpreting the data regarding resectability and sur-
vival. Indeed, it appears that there was a slightly higher 
2-year survival in those trials that required CT scanning 
vs. those in which it was optional (38% vs. 29%), but 
a more detailed analysis would be required to establish 
this defi nitively. 

 Nevertheless, the staging performed in the random-
ized trials is not that different from what was routine 
at the time. The 1994 NCDB study reported that a CT 
scan was included in the work-up in 64% of the patients 
(5). Furthermore, the effect of modern staging tests may 
be less than one might intuitively guess. For example, 
only 5% of patients deemed resectable had unsuspected 
distant metastases detected by PET scan in the Ameri-
can College of Surgeons Oncology Group (ACOSOG) 
Z0060 trial (14). 

 TOXICITY AND TREATMENT-
RELATED MORTALITY 

 Neoadjuvant Therapy 

 Mortality due to neoadjuvant therapy has generally been 
quite low. As seen in Table 54.2, mortality during neo-
adjuvant RT has been extremely rare. Mortality during 
neoadjuvant CT or CRT has also been low in most stud-
ies (range 0%–6%). The 2 outliers are the relatively small 
studies by Maipang et al. and Schlag et al., with a mortal-
ity of 17% and 9% (11,15). It is not clear why such high 
rates were seen in these studies. The regimens used were 
not markedly different, nor is there evidence that the 
patients were appreciably more ill on study entry. 

 Toxicity due to neoadjuvant therapy has also been 
acceptable. There is almost no toxicity from the rela-
tively low doses of RT that have been used in neoadju-
vant RT studies. The rate of grade 3 or 4 toxicity in CT 
or CRT studies has varied signifi cantly but is generally 
around 25%. The variation in reported rates appears to 
be due to variation in how toxicity was reported rather 
than details of the treatment. In most studies, the com-
pliance with neoadjuvant treatment has been good at 
around 80% to 90%. The notable exceptions are the 
studies by Maipang et al., Kelsen et al. and Urba et al. 
(11,8,13). No consistent reason is apparent why com-
pliance was poor in these studies. The study by Kelsen 
et al. was one of the few that involved a third cycle of 
neoadjuvant CT (8). 
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 Another measure of the toxicity of the neoadju-
vant treatment is in how often a surgical resection is 
attempted. This is also shown in Table 54.2. In tri-
als involving neoadjuvant RT, the rate of attempted 
resection is high, with little difference between the 
neoadjuvant and the primary surgical resection arm. 
The notable exception to this is the study by Nygaard 
et al. (16), which seems to show low rates of surgery 
no matter what type of neoadjuvant treatment was 
used. In studies involving either neoadjuvant CT or 
CRT, approximately 10% fewer patients underwent 
attempted resection after neoadjuvant therapy. This 
difference is clearly a trade-off that must be taken into 
account when assessing the value of neoadjuvant ther-
apy. Studies with particularly low rates of attempted 
resection include the smaller studies of Apinop and 
Lee (4,17) but also large multicenter studies, such as 
by Kelsen et al. (8). There is no correlation between 
neoadjuvant toxicity, mortality or rate of attempted 
resection with patient, tumor, or treatment character-
istics (i.e., poor PS, stage, or a more intense treatment 
regimen). 

 Surgical Resection 

 Neoadjuvant therapy does not signifi cantly impact the 
risk of complication and death following esophagec-
tomy. In Table 54.2, it can be seen that there is little 
difference in these rates between the neoadjuvant and 
the control arms, although there is a suggestion of 
a 2% to 3% increase in mortality with neoadjuvant 
therapy. In contrast to the minimal toxicity and mor-
tality of neoadjuvant RT by itself, the surgical mortal-
ity in these studies was quite high. This is undoubtedly 
because these are the oldest studies. A clear trend can 
be seen toward progressively lower surgical mortal-
ity rates in more recent studies, and the mortality in 
the more recent neoadjuvant CT and CRT studies is 
acceptable. The observed mortality rates in the neo-
adjuvant studies are very similar to what has been 
published in other series of esophagectomy in contem-
porary studies. 

 It is also clear that surgical morbidity rates are 
similar between neoadjuvant and control arms. Only 
a few studies reported any appreciable difference be-
tween the study cohorts. A large amount of variability 
is seen between studies in morbidity rates, which is 
primarily related to differences in which complications 
were assessed and how the complications were de-
fi ned. No differences were detected when investigators 
examined specifi c complications such as anastomotic 
leaks, infection, respiratory and cardiac complications 
(18–20). 

 MEASURES OF TREATMENT EFFECT 

 Clinical or Radiographic Response 

 Response to induction therapy has been shown to corre-
late with improved survival in several studies (10,21,22). 
However, radiographic assessment of response in esoph-
ageal cancer has not been standardized. Simple mea-
surement of tumor diameter and length has not typically 
been used, and not all studies have even employed CT 
scanning routinely. Radiographic response to neoadju-
vant therapy was typically assessed by barium swallow 
in most studies. Approximately 40% to 50% of patients 
have had a response to either neoadjuvant CT or CRT 
(Table 54.3). One of the most recent studies, by Lee 
et al., used EUS before and after induction CRT and 
found a clinical response rate of 86% (4).   

 The ability of restaging tests to detect the presence 
of viable tumor is poor. The accuracy of noninvasive 
restaging following induction therapy for esophageal 
cancer is suboptimal (EUS, 60%; CT scan, 62%; PET, 
75%) (23–26). The false negative rate for each of these 
tests is approximately 50%, and this is true for repeat 
endoscopy as well (25–28). More recently, the change 
in maximum SUV from pretreatment to posttreatment 
PET scans has been suggested to offer additional value 
in assessing response (29). 

 Improvement in Dysphagia 

 The randomized trials did not consistently examine 
dysphagia during neoadjuvant therapy. However, other 
retrospective studies have found that the majority of 
patients experienced an improvement in dysphagia and 
were either stable or gained weight during neoadjuvant 
therapy (25,30,31). Therefore, routine placement of a 
feeding tube should not be done, and this intervention 
should be reserved for patients with refractory dys-
phagia and progressive malnutrition. However, there 
is controversy about where the threshold should be. 
For example, in one of the randomized studies, 63% 
of neoadjuvant patients received a feeding tube prior 
to attempted resection (13). It is interesting to note 
that this study reported one of the lowest operative 
mortalities (3% for all patients). This study came from 
one of the most experienced esophageal surgical cen-
ters in the United States, and it is unclear whether the 
operative mortality can be attributed to placement of 
a feeding tube. 

 Should the clinician deem a feeding tube neces-
sary, it has been shown that initial placement of a 
gastrostomy tube does not complicate the subsequent 
use of the stomach for reconstruction after esopha-
gectomy (32). 
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 Tumor Downstaging by Neoadjuvant Therapy 

 The ability to determine downstaging by neoadjuvant 
therapy requires the accurate assessment of stage before 
and after treatment. This is not possible in the majority 
of trials, especially given the limited staging tests that 
were employed. An indirect way of assessing downstag-
ing is to compare the pathologic stage between induction 
and control arms. The lymph node status is the factor 
most consistently reported among the trials, and there 
are data suggesting that downstaging of the lymph node 
status with neoadjuvant therapy provides a survival ad-
vantage (21). Table 54.3 suggests that there is a lower 
prevalence of lymph metastases in the neoadjuvant pa-
tients (46%) compared to control patients (60%). This 
effect is more dramatic among the neoadjuvant CRT 
trials (37% vs. 63% with pN1 in the neoadjuvant vs. 
control arms). There appears to be little effect of RT on 
downstaging (42% vs. 44% pN1), and a more limited 
effect of neoadjuvant CT (63% vs. 70% pN1). 

 Rate of Pathologic Complete Response 

 Pathologic complete response (pCR), defi ned as the 
absence of any residual tumor within the resected speci-
men, provides the most defi nitive evidence of response to 
induction therapy. As one might expect, patients with a 
pCR have markedly increased survival compared to pa-
tients with an incomplete or no response (10,13,22,33). 
However, a pCR does not guarantee a cure. The rate 
of pCR probably also depends on the extent and dili-
gence with which the pathologist examines the resected 
tissue. The median survival of patients with a pathologic 
complete response following neoadjuvant therapy and 
esophagectomy is about 50 months and the 5-year sur-
vival is approximately 40% to 50% (13,22,33). 

 Complete response rates have ranged from 0% 
to 43% in the randomized neoadjuvant therapy trials 
(Table 54.3). At the low end of the spectrum are the 
induction RT trials, but the interval between RT and 
 resection was generally short (< 10 days) and probably 
insuffi cient to assess the impact of RT. The one neoadju-
vant RT study which extended the interval between the 
last dose of RT and surgery to 14 to 28 days reported 
a pCR rate of 23% (34). Neoadjuvant CT alone also 
resulted in a low pCR rate (average 5%). Neoadjuvant 
CRT led to the highest pCR rates (average 25%). 

 Interestingly, one study reports the pattern of fail-
ure to be similar between patients who had a pCR and 
those who did not (locoregional failure in 12% and 8% 
respectively) (22). Therefore, pCR should be viewed as 
a marker of sensitivity to neoadjuvant therapy that is 
generally associated with better prognosis, and not as a 
literal indicator of whether viable tumor cells are or are 
not present. 

 Resectability 

 The ability to achieve a complete (R 0 ) resection (removal 
of all gross and microscopic cancer with clear margins) 
is a measure of the activity of neoadjuvant therapy that 
is related to downstaging and the pCR rate. Long-term 
survival is more likely following a R 0  resection than re-
sections in which disease is left behind (R 1,2 ) (4,35,36). 
In Table 54.3, the R 0  resection rate is shown, expressed 
as a percentage of all patients randomized (in order 
to avoid confounding by the proportion of patients 
excluded from surgery). Neoadjuvant RT results in a 
slight decrease (~5%) in the rate of R 0  resection, whereas 
neoadjuvant CT or CRT appears to slightly improve 
(6%–8%) the ability to achieve a complete resection. 

 A recent meta-analysis of neoadjuvant CT found 
no evidence of a higher rate of complete resection 
(relative risk 0.95, 95% CI 0.87–1.03;  P  = 0.2) (20). An 
earlier meta-analysis that included some of the same 
studies found a higher R 0  resection rate (odds ratio 0.53, 
95% CI 0.33–84;  P  = 0.007) (19). Recent meta-analyses 
examining this issue in neoadjuvant RT or CRT have 
not been done. 

 One of the hopes for neoadjuvant therapy would 
be to convert large locally advanced tumors into tumors 
amenable to resection. However, the proportion of unre-
sectable tumors is similar whether neoadjuvant therapy 
was given (16%) or not (14%) (Table 54.3). A more 
detailed view suggests that there is little difference in 
the rate of exploratory thoracotomy among studies of 
neoadjuvant RT or neoadjuvant CT but is fairly consis-
tently lower with neoadjuvant CRT. In general, the rate 
of exploratory thoracotomy seems to be related to the 
proportion of patients in whom surgery was attempted. 
Among series in whom patients appear to have been 
chosen more selectively for attempted surgery, the rate 
of exploratory thoracotomy is lower and vice versa. 

 A recent meta-analysis of neoadjuvant CT found 
no evidence of a difference in the rate of resection (rela-
tive risk 1.05, 95% CI 0.94–1.18;  P  = 0.3) (20). There 
was evidence of substantial heterogeneity between tri-
als, possibly implying differences in the willingness of 
surgeons in different centers to undertake resection. 
Recent meta-analyses examining the effect of neoadju-
vant RT or CRT on the resection rates (R 0–2 ) have not 
been done. 

 LONG-TERM SURVIVAL 

 General Aspects 

 Several factors make it diffi cult to defi ne the effi cacy of 
neoadjuvant therapy for esophageal cancer. First of all, 
esophageal cancer is relatively uncommon and often 
unresectable at the time of diagnosis. As a result, the 
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published experience of randomized trials of neo-
adjuvant therapy over the past 30 years includes fewer 
than 4,000 patients in studies averaging fewer than 
200 patients. Second, the survival advantage gained with 
neoadjuvant therapy appears to be modest, which, in 
combination with a small sample size, renders survival a 
challenging endpoint to evaluate. Furthermore, smaller 
studies are more susceptible to imbalances of prognostic 
factors between treatment arms, such as the stage. This 
is a particular issue because determination of the extent 
of esophageal cancer prior to resection is diffi cult, and 
because the majority of studies involved very limited 
preoperative imaging (Table 54.1). For these reasons it 
is necessary to examine the body of studies together, to 
observe the trends that offer guidance where statistics 
have failed to reach signifi cance. 

 Neoadjuvant RT and Surgery vs. Surgery Alone 

 No signifi cant survival differences were seen in any of 
the studies between RT and surgery versus surgery alone. 
Three trials suggested a non-signifi cant trend toward 
a survival advantage with induction RT in short-term 
survival, but no trend is apparent in long-term survival 
(Table 54.4). Local control was only reported by 2 of the 
trials. Gignoux et al. reported signifi cantly fewer local 
recurrences with neoadjuvant RT in a fairly large trial 
(35% vs. 54%,  P  = .05) (6). Furthermore, the duration 
of survival without local recurrence was signifi cantly 
longer in the neoadjuvant RT arm ( P  = .045) (6). No 
suggestion of a difference in local control was seen in 
the other trial (34), which also involved a fairly large 
cohort. 

 A meta-analysis using updated individual patient 
data from all of the randomized clinical trials of neo-
adjuvant RT for esophageal cancer was reported in a 
Cochrane Review in 2005 (1,147 patients, 5 trials) (37). 
A hazard ratio of 0.89 was found, which did not quite 
meet statistical signifi cance (95% Confi dence interval 
[CI] 0.78–1.01,  P  = 0.06). This represents an 11% reduc-
tion in the risk of death, with an absolute survival ben-
efi t of 4% at 2 years. However, because of the lack of 
statistical signifi cance, the benefi t of neoadjuvant RT 
was deemed inconclusive (37). 

 It is important to note that induction RT was 
among the fi rst neoadjuvant esophageal cancer strate-
gies to be studied in a randomized fashion, with most 
patients being accrued between 1973 and 1988. Because 
the majority of this work predated substantial advances 
in staging and patient care, the early RT trials contained 
some of the least accurately staged patients, the low-
est resection rates, and the highest operative mortalities. 
These facts may have limited the ability to demonstrate 
a signifi cant difference in survival. In addition, the trials 

of neoadjuvant RT in esophageal cancer were conducted 
before many of the advances in the delivery of RT, which 
have improved effi cacy and decreased toxicity in many 
tumors. It is possible that a survival benefi t from cancer 
was offset by an increase in deaths due to late toxicity. It 
is perhaps notable that the most recent trial (conducted 
1983–1985) showed a clear trend toward better sur-
vival, although statistical signifi cance was not reached 
in this small trial. This was the only RT trial that re-
quired a CT scan and had one of the lower perioperative 
mortalities among neoadjuvant RT studies. 

 One would speculate that the addition of a sec-
ond local modality would be most likely to affect local 
control and that this endpoint might be better suited 
to determine the value of RT; the data, however, con-
fl ict and are certainly not convincing of a benefi t to RT. 
In addition, the applicability of these older results to 
patients seen today can be questioned. However, the possi-
ble modest benefi t of neoadjuvant RT seems less exciting 
than other treatment modalities, and there is currently 
not much interest in examining this approach further. 

 Neoadjuvant Chemotherapy and 
Surgery vs. Surgery Alone 

 Review of Phase III Trial Results 

 Neoadjuvant CT has been evaluated in 9 randomized 
trials that are summarized in Table 54.4. Three of the 
trials found a non-signifi cant trend to better survival, 
while 3 found a non-signifi cant trend to worse survival 
and 3 found no difference. A statistically signifi cant sur-
vival advantage was only found by the study from the 
Medical Research Council (MRC) (1). The MRC was 
by far the largest of the neoadjuvant trials (n = 802) 
and reported that induction CT led to an increased 
5-year survival compared to surgery alone (24% vs. 14%; 
 P  = 0.004). However, the next largest trial did not sug-
gest a similar trend (1,8). These latter 2 trials account 
for more than two-thirds of the randomized patients. 
It is not readily apparent why these 2 trials found 
 different results. It has been suggested that toxicity off-
set any survival benefi t in the negative trial by Kelsen 
et al., because a more intense chemotherapy regimen was 
used (38). However, it is not clear that the toxicity was 
higher or that there was a difference in treatment-related 
mortality in the neoadjuvant arm in the trial by Kelsen 
et al. (1,8), although the rate of resection was lower in 
the neoadjuvant arm. 

 No clear pattern emerges with regard to local con-
trol. A slight trend to lower local recurrence appears to 
be suggested as a result of neoadjuvant CT. However, 
some studies suggested the opposite trend and the larg-
est study found no trend in either direction. A clear 
trend is apparent with better survival in either arm of 
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trials that were conducted in more recent time periods. 
This likely refl ects both improvements in staging as well 
as improvements in patient care. 

 It is diffi cult to draw conclusions with respect to 
details of the regimens and schedules of chemotherapy. 
While a number of agents have been evaluated, the 
largest experience by far has been with cisplatin- and 
fl uorouracil-containing regimens. Other regimens have 
primarily been used in earlier studies. There is no cor-
relation between the regimen, dose, or number of cycles 
and the absolute value of endpoints; nor is there a differ-
ence between the 2 arms with respect to survival, local 
control, morbidity, or mortality. 

 Meta-Analyses 

 The most recent meta-analysis by Gebski et al. (38) 
(Figure 54.1) found a survival benefi t to neoadjuvant 
CT (long-term mortality hazard ratio of 0.9) that just 
reached statistical signifi cance (95% CI 0.81–1.00; 
 P  = 0.05). This effect was heavily infl uenced by the large 
MRC study; however, there was no evidence of hetero-
geneity between the trials of any temporal effect. The 
survival benefi t was most marked for adenocarcinoma, 
with only a non-signifi cant trend among squamous can-
cers (Figure 54.2) (38). Earlier meta-analyses that did 
not include mature data from the MRC trial generally 
found little suggestion of an improvement in survival 
with neoadjuvant CT (18,39), while others that included 
the MRC study have found a trend to improved survival 
(20,40). 

 The study by Gebski et al. (38) estimated the num-
ber of patients that would need to be treated (NNT) 
with neoadjuvant CT in order to cure 1 additional 

 patient. Among patients with a relatively good prognosis 
(2-year survival of 50%), the NNT was 20 patients, for 
 intermediate-prognosis patients (2-year survival of 35%) 
the NNT is 15, and for poor-prognosis patients (2-year 
survival of 20%) an NNT of 8 was estimated (38). 

 Highlighted Trials of Particular Importance 

 Kelsen et al. randomized 440 esophageal cancer patients 
between 1990 and 1995 to induction CT vs. surgery 
alone (8). A weight loss of ≥ 10% was reported by 23% 
of the patients in both arms prior to randomization. 
The total dose of preoperative cisplatin was 50% higher 
than that of other phase III studies (Table 54.1). This 
may have contributed to increased toxicity as only 71% 
of induction patients received the planned regimen and 
2% died before surgery. In addition, surgery was not 
attempted in 20% of the induction patients (compared 
to only 4% of the surgery-alone patients). The reasons 
for abstention from surgery were not given. 

 A clinical response to induction therapy (by bar-
ium swallow) was detected in 19% of patients, while a 
pCR was only found in 2.5%. Patients in the induction 
arm without evidence of disease progression, who had 
undergone a curative R0 resection, were eligible for 
2 additional cycles of chemotherapy postoperatively 
(53% of 126 eligible patients received at least 1 postop-
erative cycle). No difference in the primary endpoint of 
overall survival was detected. In fact, when a secondary 
endpoint of resectability was examined, induction pa-
tients were twice as likely to be unresectable (24% vs. 
11%). An update of this study published 9 years after 
the original report likewise failed to demonstrate a sur-
vival benefi t to induction CT (35). Subset analysis did 
not show any difference associated with histology. 

FIGURE 54.1

Meta-analysis of neoadjuvant chemotherapy and surgery ver-
sus surgery alone. Figure reproduced from Gebski et al. (38).

FIGURE 54.2

Meta-analysis of effect of histologic tumor type on results 
of neoadjuvant chemotherapy and surgery versus surgery 
alone. Figure reproduced from Gebski et al. (38).
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 The MRC Esophageal Working Party coordinated 
a randomized study involving 42 European centers (1). 
Between 1992 and 1998, a total of 802 patients were 
randomized to either preoperative cisplatin and fl uo-
rouracil or surgery without induction CT (1). RT was 
allowed as long as it was given consistently to all pa-
tients within a particular institution (9% of the patients 
in each group were treated). Compliance with chemo-
therapy was excellent, as 88% of the patients received 
both scheduled cycles. However, the mortality attributed 
to this regimen was considerable (3%). That being said, 
this study represents the largest trial to demonstrate 
a signifi cant survival benefi t associated with induction 
CT over surgery alone (hazard ratio = 0.79; 95% CI 
0.67–0.93,  P  = 0.004) (1). 

 The most recent support for neoadjuvant CT 
comes from the Medical Research Council Adjuvant 
Gastric Infusional Chemotherapy (MAGIC) trial (41). 
Although the majority of the patients in this study had 
gastric cancer, 26% of the tumors were esophageal 
or at the gastroesophageal junction. Perioperative CT 
(preoperative and postoperative cycles of epirubicin, 
cisplatin, and fl uorouracil) conferred a survival ad-
vantage over surgery alone at 5 years (36% vs. 23%; 
 P  = 0.009). 

 Neoadjuvant Chemoradiotherapy and 
Surgery vs. Surgery Alone 

 Review of Phase III Trial Results 

 The results of randomized trials involving neoadjuvant 
CRT are summarized in Table 54.4. A trend to better 
survival with neoadjuvant CRT was seen in the major-
ity of studies, although the difference was statistically 
signifi cant only in the study by Walsh et al. (42). On 
average, neoadjuvant therapy resulted in an improve-
ment in the absolute 2-year and 5-year survival of 
approximately 6%. The trend is quite consistent 
and there is no correlation of either the absolute sur-
vival results or the difference between arms and either 
patient characteristics, tumor characteristics or treat-
ment characteristics (i.e., PS, stage, or intensity of che-
motherapy). The vast majority of studies have used 
cisplatin and 5-fl ouorouracil for the chemotherapy, and 
RT doses have generally been around 35 to 45 Gy. There 
is a trend towards better survival in more recent trials. 
Because many of the neoadjuvant CRT trials have been 
conducted more recently, these trials involve patients 
that are staged more accurately preoperatively and have 
demonstrated some of the lowest operative mortality 
rates. Local control appears to be better with induction 
CRT, with 3 trials showing clearly better local control 
rates (2,3,13). One trial found the opposite trend (4), 
and 1 trial found no difference (7). 

 Meta-Analyses 

 The most recent meta-analysis (38) shows a clear benefi t 
to neoadjuvant CRT vs. surgery alone (Figure 54.3), with 
a hazard ratio for long-term all-cause mortality of 0.81 
(95% CI 0.72–0.92;  P  = 0.001). This result is consistent 
whether 2 additional studies that have not been formally 
published are included or omitted. There was no evi-
dence of heterogeneity between trials or any temporal 
effect. The survival benefi t was seen in both squamous 
carcinoma and adenocarcinoma. The benefi t was most 
clear in concurrent treatment as opposed to sequential 
treatment strategies (Figure 54.4). Other meta-analyses 
have shown similar results (18,19,39,40,43), although 
in several earlier analyses, which did not include some 
of the more recent trials, only a trend was found that did 
not reach statistical signifi cance (39,40,43). 

 The estimated NNT with neoadjuvant CRT in order 
to cure 1 additional patient is estimated to be relatively 
low (38). Among patients with a relatively good progno-
sis (2-year survival of 50%), the NNT is 10 patients; for 
intermediate-prognosis patients (2-year survival of 35%) 
the NNT is 8, and for poor-prognosis patients (2-year 
survival of 20%) an NNT of 7 was estimated (38). 

 Highlighted Trials of Particular Importance 

 One of the most controversial neoadjuvant studies was 
reported by Walsh et al. (42). A total of 113 patients 
were randomized between 1990 and 1995 to induction 
therapy (cisplatin + fl uorouracil + radiotherapy) fol-
lowed by surgery vs. surgery alone. The authors describe 

FIGURE 54.3 

Meta-analysis of neoadjuvant chemoradiotherapy and sur-
gery versus surgery alone. Figure reproduced from Gebski 
et al. (38).
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the induction regimen as being well tolerated, although 
17% of induction patients were withdrawn from the 
protocol because of complications or disease progres-
sion. Preoperative staging did not routinely include CT 
scanning and no mention is made of clinical staging in 
the randomization process. This is particularly relevant 
to this study as differences in pathologic staging were 
substantially greater than contemporary protocols. For 
example, 78% of the patients in the control arm were 
stage III or IV, compared to only 28% of the induction 
patients. This disparity is more likely due to preoperative 
differences in tumor stage than effectiveness of induc-
tion therapy, particularly because this level of “down-
staging” was not observed in similar induction regimens 
(7). The median follow-up for this study was short at 
10 months, yet the authors found a statistically sig-
nifi cant survival advantage with neoadjuvant therapy 
(median survival 16 vs. 11 months,  P  = 0.01). This study 
was further criticized by the poor outcome in the surgery-
alone group. At 6%, the 3-year survival is approximately 
3 times lower than contemporary reports (3,7,13). 

 Dr. Walsh updated the results of this study in 2002, 
with a minimum of 5 years’ follow-up for each patient 
(44). A statistically signifi cant survival advantage was 
again demonstrated among the induction patients (me-
dian survival = 17 vs. 12 months,  P  = .002). 

 Lee et al. reported the results of a single institu-
tional trial that randomized 101 patients between 1999 
and 2002 to either induction CRT (cisplatin, fl uoro-
uracil, and XRT 45.6 Gy) vs. surgery alone (4). These 
patients were among the most thoroughly staged preop-
eratively, as both EUS and CT scanning were performed 
on all patients. This trial is notable for the majority of 
patients (65%) having clinically evident nodal metastases, 

particularly among the induction arm patients (74% vs. 
56%,  P  = 0.13). The regimen appeared to be well toler-
ated, as 96% of the induction patients completed the 
scheduled therapy. However, only 69% of these patients 
went on to have surgery, with the most common rea-
son being patient refusal. EUS was used to assess clinical 
response, and 22% of the induction patients had a com-
plete clinical response. While both T stage and N stage 
were decreased in the induction group compared to the 
surgery-alone group, an impressive 43% of the induction 
patients had a pCR. Patients with stable disease (60% 
of the induction patients) were given additional chemo-
therapy after the resection. Despite the most impressive 
complete response rate among reported randomized tri-
als, the local failure rate following neoadjuvant CRT 
and surgery was surprisingly high (Table 54.4). 

 Interim analysis demonstrated no survival differ-
ence (median survival 28 vs. 27 months). It is worth 
pointing out that the patients in the control arm expe-
rienced a survival that was superior to contemporary 
reports (Table 54.4), which may be a refl ection of the 
more accurate staging. The study was terminated over 
concerns of high drop-out rates among induction pa-
tients prior to undergoing surgery. 

 Most recently the Cancer and Leukemia Group B 
(CALGB—9781) trial was reported. Although this trial 
closed early because of poor accrual, 56 patients were 
randomized to neoadjuvant cisplatin, 5-fl uorouracil, and 
50.4Gy of radiation or surgery alone. With a median 
of 6 years of follow-up, the median 5-year survival was 
39% among neoadjuvant patients compared to 16% in 
the surgery-alone group (1). 

 Specifi c Issues 

 Quality of Life Parameters 

 Most of the randomized studies of neoadjuvant therapy 
did not assess any quality of life parameters. The study 
by Le Prise et al. found no difference in  symptom-free 
survival whether or not CRT was given (7). A non-
randomized study examined a number of quality of 
life parameters (dysphagia, fatigue, nausea) and found 
similarity at 1 year between patients treated with neoad-
juvant therapy or surgery alone (45). Thus, the limited 
available data suggest that neoadjuvant therapy is not 
associated with a marked difference in quality of life. 

 Infl uence of Histologic Subtype 

 The preponderance of data indicates that there is no 
difference between squamous carcinoma and adenocar-
cinoma with respect to neoadjuvant therapy. A review 
of the tables in this chapter does not indicate any clear 

FIGURE 54.4 

Meta-analysis of effect of histologic tumor type on results of 
neoadjuvant chemoradiotherapy and surgery versus surgery 
alone. Figure reproduced from Gebski et al. (38).
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correlation between outcomes and the proportion of 
squamous cancer included. Furthermore, there are mul-
tiple confounding factors when comparing one trial to 
another, including differences in staging, patient selec-
tion, and treatment. Two of the CRT trials made a com-
parison between histologic types and reported a higher 
pCR rate with squamous carcinoma (38% and 27%) 
than adenocarcinomas (24% and 9%, respectively for 
Urba et al. [13] and Burmeister et al. [3]). Furthermore, 
Burmeister found an increase in progression-free sur-
vival associated with induction CRT in patients with 
squamous cell carcinoma (HR 0.47, 95% CI 0.25–0.86; 
 P  = 0.014) but not in patients with adenocarcinoma (3). 
However, the most recent meta-analysis suggested a 
greater benefi t in the hazard rate for adenocarcinoma vs. 
squamous cancers with both neoadjuvant chemotherapy 
and chemoradiotherapy (38). 

 SYNTHESIS OF RESULTS FROM 
PHASE III TRIALS 

 Although esophageal cancer is a relatively uncommon 
cancer, many randomized trials have been conducted 
over several decades that allow articulation of an 
 evidence-based approach. The approach applies fairly 
well to the broad population of patients with esophageal 
cancer who do not have distant metastases, with the ex-
ception perhaps of patients who are over age 75 or have 
a performance status of 2. It is clear that neoadjuvant 
therapy can be administered safely. Neoadjuvant RT has 
been extremely well tolerated. Neoadjuvant CT or CRT 
has also been well tolerated, with very few deaths  during 
the neoadjuvant treatment and an incidence of grade 3,4 
toxicity of 25%. Surgical resection can be accomplished 
after neoadjuvant therapy with essentially the same mor-
bidity and mortality. 

 Approximately 35% of patients after neoadjuvant 
CT and 50% after neoadjuvant CRT have a radiographic 
response. Approximately 50% of patients have signifi -
cant relief of dysphagia and usually can maintain their 
weight through the neoadjuvant treatment. Downstag-
ing (by nodal status) does not appreciably occur after 
neoadjuvant RT, is seen in about 7% of patients after 
neoadjuvant CT, but occurs in a substantial propor-
tion (25%) after neoadjuvant CRT. Similarly the rate 
of a pCR is quite low after either neoadjuvant RT or 
CT (5%–6%) but is consistently seen in approximately 
25% after neoadjuvant CRT. However, the rate of a 
complete (R 0 ) resection is improved by only about 5%, 
and is essentially the same for neoadjuvant RT, CT, or 
CRT. Of all patients, approximately 10% fewer patients 
eventually undergo resection after either neoadjuvant 
RT, CT, or CRT. This is due primarily to a higher per-
centage of patients in whom surgery is not attempted 

after neoadjuvant therapy, because there are fewer pa-
tients who are found to be unresectable at the time of 
thoracotomy, especially after neoadjuvant CRT. 

 Neoadjuvant RT has little apparent effect on long-
term survival, although there is a suggestion of improved 
local control. An updated meta-analysis in 2005 found 
a 9% reduced risk of death that was not statistically sig-
nifi cant ( P  = 0.2). The benefi t of neoadjuvant CT on sur-
vival is marginal. Several meta-analyses support a 10% 
reduced risk of death with a P value that is just above or 
below 0.05, depending on the meta-analysis performed. 
This translates to a 7% absolute increase in 2-year sur-
vival, the statistical signifi cance of which is marginal and 
debatable. On the other hand, a more consistent trend 
to improved long-term survival is demonstrated by neo-
adjuvant CRT trials. Meta-analyses clearly demonstrate 
approximately a 20% reduced risk of death that is sta-
tistically signifi cant. This translates to a 13% absolute 
increase in 2-year survival. Both neoadjuvant CT and 
CRT appear to result in better local control rates by 
about 5%. Quality of life does not seem to be affected 
by neoadjuvant therapy. 

 In summary, neoadjuvant CRT is reasonably well 
supported by the available data, with an effect on sur-
vival that is more pronounced than neoadjuvant CT 
or RT alone. This approach is well tolerated, with a 
 treatment-related mortality that is approximately 10% 
in contemporary series. Nodal downstaging and a pCR 
are seen in approximately 25% of patients. Fewer pa-
tients (~5%) are found at thoracotomy to be unre-
sectable, but more patients (~10%) are excluded from 
surgery after neoadjuvant CRT. In the fi nal analysis, the 
rate of complete resection is slightly improved (~5%) by 
neoadjuvant CRT for all patients (on an intent to treat 
basis). Chemotherapy has generally involved 2 cycles of 
cisplatin and 5-FU, and RT doses of 35–45 Gy have been 
typical. The data appear to weakly support concurrent 
over sequential treatment, and there appears to be a ben-
efi t in both squamous carcinoma and adenocarcinoma. 

 NEWER APPROACHES 

 While many of the randomized neoadjuvant chemora-
diotherapy trials were fi nishing accrual, several phase II 
studies exploring newer approaches were conducted. 
Interest in the chemotherapeutic agent, paclitaxel, grew 
considerably after reports of activity in unresectable 
esophageal cancer patients (partial or complete response 
of 32%) (46). More recent phase II trials have exam-
ined paclitaxel in the neoadjuvant setting (47–52). The 
largest of these trials was conducted from 1995 to 1999 
at 24 sites through the Minnie Pearl Cancer Research 
 Network (51). Neoadjuvant chemoradiotherapy con-
sisting of paclitaxel, carboplatin, fl uorouracil, and 45 Gy 



 54 • NEOADJUVANT THERAPY 421

of RT was given to 129 patients with esophageal can-
cer. The majority of patients were stage II (17% stage I, 
56% stage II, 22% stage III), and harbored an adeno-
carcinoma (71%). Compliance with paclitaxel and car-
boplatin was high (96%), as was radiotherapy (98%); 
however, only 54% of patients received the complete 
dose of fl uorouracil. Although 57% of patients required 
hospitalization as a result of neoadjuvant therapy, there 
were no preoperative deaths and 85% of patients went 
on to surgery. The median survival was 24 months and 
the 3-year actuarial survival was 41%. 

 Much of what was found in the Minnie Pearl Can-
cer Research Network trial was echoed by contemporary 
phase II trials containing paclitaxel (48,49,52). Although 
toxicity was common, resection was attempted in 80% 
of patients, which is similar to the non-paclitaxel tri-
als outlined above. Interestingly, the complete response 
rates were lower (14%–19%) than either the Minnie 
Pearl Cancer Research Network trial or the randomized 
chemoradiotherapy trials. Median survival ranged from 
22 to 24 months and actuarial 3-year survival from 36% 
to 41%. 

 Comparison of the phase II paclitaxel studies with 
the more traditional regimens in the randomized chemo-
radiotherapy trials, however, suggests that the results are 
fairly comparable. A similar observation has been made 
by 2 retrospective studies comparing paclitaxel contain-
ing regimens to conventional regimens (47,50). 

 Interest has been growing in the use of irinotecan 
in esophageal cancer. The combined use of cisplatin and 
irinotecan is being explored as a neoadjuvant approach 
with RT because of indications of better tolerability 
with less gastrointestinal side effects, which is important 
in this patient population with dysphagia (53–55). More 
novel regimens include the addition of matrix metallo-
protease inhibitors (56). 

 SUMMARY 

 Following 3 decades of randomized clinical trials, it is 
clear that compliance with neoadjuvant therapy is good 
and that such treatment protocols, including resection, 
can be carried out safely. Tumor progression does not 
occur to a signifi cant degree by delaying surgery. Induc-
tion therapy, particularly chemoradiotherapy, appears to 
reduce the likelihood of lymph node metastases and to 
offer a survival advantage by meta-analysis of the data, 
although individual studies have generally fallen short of 
statistically signifi cant differences. Therefore we recom-
mend neoadjuvant chemoradiotherapy for patients with 
locoregionally confi ned esophageal cancer and good 
performance status and who are less than age 75 to 80. 
Extension beyond this group of patients must be done 
with care, as a relatively small increase in treatment-
 related mortality would negate the modest gain from the 
neoadjuvant approach. 

 Although the current data support a neoadjuvant 
approach, there is a lot of room for improvement and 
many details of the approach remain unclear, making 
enrollment of patients in clinical trials critical. In addi-
tion to evaluating new types of multimodality therapy 
(novel chemotherapeutics, radiation delivery protocols, 
surgical approaches), ongoing study of neoadjuvant 
protocols will clarify the patient population that is best 
served. Defi nition of specifi c patient and tumor char-
acteristics that predict response to particular therapies 
may allow the treatment strategy to be tailored to an 
individual patient with less toxicity and greater ben-
efi t. Therefore, enrollment of patients with esophageal 
cancer in a clinical trial should be pursued whenever 
possible (information can be found at http://www.clini
caltrials.gov). 
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   55  Defi nitive 
Radiochemotherapy 

 Ashish Patel 
 Mohan Suntharalingam 

ince the early 1900s, radiation 
therapy and surgery have played an 
important role in the management 
of locally advanced esophageal 
cancer. Soon after the discovery 

of radium in 1901, therapeutic applications of radioac-
tivity in esophageal cancer were described (1,2). Con-
temporary to these reports, surgical literature described 
transthoracic approaches for resection of esophageal 
carcinoma, with limited success (3–5). The results of 
these early studies revealed disappointing 5-year sur-
vival rates of approximately 1% to 10%. 

 The last century has witnessed remarkable advances 
in the diagnosis and management of cancer; however, 
esophageal cancer continues to pose a signifi cant thera-
peutic challenge. In 2007, the American Cancer Society 
estimates 15,570 new cases of esophageal cancer and 
13,940 resultant deaths. The high mortality rate rela-
tive to the number of newly diagnosed cases is indicative 
of the aggressive nature of this disease. The majority of 
patients present with locally advanced disease, and up 
to 40% of patients have metastatic disease at presenta-
tion (6). Thus, understanding that there is both a high 
risk of local and systemic failure in patients presenting 
with locally advanced disease has led to the development 
of combined-modality treatment approaches. This chap-
ter will focus on the management of esophageal cancer 
with defi nitive chemoradiotherapy and will review the 

 biologic rationale for combined-modality treatment, as 
well as its supporting preclinical and clinical data. 

 BIOLOGIC RATIONALE FOR 
CHEMORADIOTHERAPY 

 Radiation therapy exerts its lethal effects on cells 
through either direct or indirect interactions that lead 
to DNA damage. Of the several forms of DNA dam-
age that can result from exposure to ionizing radiation, 
the DNA double-strand break is biologically the most 
important. Direct radiation action is the result of an ion-
izing particle interacting with DNA to cause a double-
strand break, while indirect radiation action occurs as 
a result of hydrolysis of water by an ionizing particle, 
which leads to the formation of reactive oxygen species. 
These free radicals then interact with DNA and cause 
damage. Because water comprises 80% to 90% of the 
cell, the indirect effect predominates and is ultimately 
responsible for approximately 70% of DNA damage. 

 Because the majority of radiation’s effect is through 
indirect action, oxygen is a vital component for free 
 radical–mediated DNA damage. Unfortunately, many 
tumors exhibit hypoxic regions, which have been shown 
in vitro and in vivo to be resistant to radiation dam-
age. It is thought that these hypoxic cellular populations 
proliferate despite exposure to ionizing radiation and 

 S
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ultimately contribute to treatment failure. Chemothera-
peutic agents, such as 5-fl uorouracil (5-FU), mitomycin-c, 
and cisplatin, have yielded promising preclinical results 
for increasing the lethality of radiation and sensitizing 
hypoxic tumor cells (7–9). The interactions between 
radiation and chemotherapeutic agents are extensive, 
complex, and not fully understood. Some proposed 
mechanisms of cell sensitization include: synergistic cell 
killing, reducing accelerated repopulation, cell cycle ar-
rest in radiosensitive phases, enhancement of radiation 
injury, and inhibition of sublethal or potentially lethal 
DNA damage repair. Table 55.1 demonstrates the mech-
anism of action of several common drugs used in the 
treatment of esophageal cancer. The results of  preclinical 
work by Zak, Richmond, and Douple led to the develop-
ment of several phase I/II and eventually phase III trials 
evaluating the role of combination chemotherapy and 
radiation therapy.  

 DEFINITIVE CHEMORADIOTHERAPY 

 Historic Rationale from Clinical Data for Anal 
Cancer and Lung Cancer 

 Contemporary to the laboratory data published in the 
early 1970s supporting combination chemoradiation, 
clinical investigators began to report institutional data 
demonstrating effi cacy of this treatment approach. In 
1974, Nigro and associates published a small experience 
of concurrent 5-fl uorouracil (5-FU), mitomycin, and 
irradiation in the treatment of anal cancer (10). The au-
thors reported 3 cases in which varying chemotherapy 
regimes and radiation doses were delivered, all of which 
showed clinical and/or pathologic complete response 
after completion of therapy. These data formed the basis 
of several important cooperative group studies, which 
demonstrated the effi cacy of defi nitive chemoradiother-
apy in the treatment of anal carcinoma (11–13). 

 In the 1980s, cisplatin emerged as a chemothera-
peutic agent with activity against epithelial cancers and 
showed synergistic effects with radiation therapy. The 
European Organization for Research and Treatment of 
Cancer (EORTC) reported on a phase III trial of split 
course radiation therapy alone or in combination with 
chemotherapy in patients with inoperable non-small cell 
lung cancer (NSCLC) (14). Overall survival and local 
control were both signifi cantly improved with the ad-
dition of cisplatin to thoracic radiation therapy. Similar 
results were reported by Soresi and associates (15). In 
this phase III study, 95 patients with locally advanced 
NSCLC were randomized to radiation therapy alone 
(50 Gy) or in combination with weekly cisplatin (15 mg/
m 2 ). Again, median survival was improved by 5 months, 
and local recurrence was decreased in the chemora-
diotherapy arm. These studies clearly demonstrate the 
radiosensitization effects of chemotherapy, which trans-
lates to improved local control and overall survival. 

 Single Institution Clinical Data 

 Early reports of single modality therapy for esophageal 
cancer yielded disappointing results, with long-term 
survival achieved in less than 10% of patients (1–5). 
The patterns of failure in patients treated with radia-
tion therapy alone have consistently shown poor local 
control as well as distant failure rates up to 66% even 
when patients were treated with doses greater than 
50 Gy (16). The addition of chemotherapy to radiation 
therapy was, therefore, a logical next step in the evo-
lution of therapy for esophageal carcinoma. Investiga-
tors from Japan were among the fi rst to report results 
of combined chemoradiotherapy in this disease site. 
Fujimake and associates reported the pathologic fi nd-
ings of 58 patients treated with bleomycin with and 
without radiation  therapy (17). In this report, a 69% re-
sponse rate was found with the addition of  bleomycin, 

TABLE 55.1
Select Radiosensitizing Chemotherapeutic Agents

Agent Class Mechanism of action

5-fluorouracil Antimetabolite A pyrimidine analog that acts as a thymidylate synthase inhibitor.

Irinotecan Topoisomerase Inhibitor Inhibits deoxyribonucleic acid (DNA) synthesis and replication through 
the inactivation of topoisomerase I.

Paclitaxel/
Docetaxel

Mitotic Inhibitor Hyperstabilizes cellular microtubules and prevents their 
normal function.

Mitomycin C Antitumor Antibiotic Inhibits the synthesis of DNA through the formation of crosslinks.

Cisplatin Platinum Coordination 
Complex

Causes DNA pruine crosslinks interfering with mitosis and 
inducing apoptosis.
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suggesting a favorable interaction between chemo-
therapy and radiation. 

 In the United States, institutions such as the Fox 
Chase Cancer Center and Wayne State University pio-
neered the use of combined modality therapy. Herskovic 
and associates reported on the Wayne State experience 
of chemotherapy and radiation with and without sur-
gery in the thoracic esophagus (18). A total of 39 pa-
tients were analyzed, all of whom received defi nitive 
chemoradiotherapy with cisplatin and 5-FU chemother-
apy concurrently with radiation therapy to a total dose 
of 30 Gy. The median and 2-year survivals in this group 
of patients were 9.8 months and 20%, respectively. Be-
cause of the disappointing results in this early cohort 
of patients, an additional 22 patients were analyzed as 
part of a pilot study that increased the radiation dose to 
50 Gy. The increased in radiation dose yielded prom-
ising results, with median survival of 19 months and 
2-year survival of 36%. 

 One of the largest single institution trials of concur-
rent chemotherapy and radiation was a phase II study 
reported by Coia and colleagues from the Fox Chase 
Cancer Center (19). Ninety patients were enrolled on 
this study, 57 had stage I/II disease (1983 American Joint 
Commission on Cancer) and were treated defi nitively, 
while the remaining 33 patients with stage III/IV dis-
ease received palliative chemoradiotherapy. Among the 
defi nitively treated stage I/II patients, radiation therapy 
was delivered to a total dose of 60 Gy (2 Gy/day) con-
currently with 4-day continuous infusion 5-FU (1,000 
mg/m 2 /24 h) during weeks 1 and 2 and mitomycin 
C (10 mg/m 2 ) on day 2. The median survival for this pa-
tient subset was 18 months, and the 3- and 5-year overall 
survival was 29% and 18%, respectively. On multivari-
ate analysis, stage was the most signifi cant prognostic in-
dicator, with a 3-year survival of 73% in stage I patients 
versus 33% in those with stage II disease ( P  = 0.01). 

The acute toxicity of this combined regimen was deemed 
acceptable with a 56% rate of moderate to severe tox-
icity, and a low incidence (12%) of late esophageal 
strictures. Several other institutions (Table 55.2) have 
reported comparable results with use of platinum-based 
chemoradiotherapy, which ultimately led to the develop-
ment of multi-institutional, randomized, phase III trials 
in both the United States and Europe. 

 Multi-Institutional Randomized Data 

 To date, there have been 4 major randomized phase 
III studies (Table 55.3) comparing defi nitive chemora-
diation with radiation therapy alone. The seminal trial 
conducted by the Radiation Therapy Oncology Group 
(RTOG 85–01) has set the standard of care for the de-
fi nitive treatment of esophageal cancer since its original 
publication in 1992 (20). This trial randomized patients 
to treatment with radiation alone (64 Gy) or concurrent 
chemotherapy (2 cycles of cisplatin/5-FU) and radiation 
(50 Gy) followed by 2 cycles of adjuvant chemotherapy. 
From 1986 to 1990, 129 patients were enrolled on this 
study, and after a planned interim analysis, the study 
was closed after meeting early stopping rules. An ad-
ditional 73 patients, who would have been eligible for 
the study, were prospectively registered and treated 
with chemoradiotherapy. After a minimum follow-up of 
5 years, the median survival was 9.3 months in the ra-
diation alone arm versus 14.1 months in those treated 
with combined-modality therapy. The 5-year survival 
was 26% for those who received combination therapy 
compared to 0% for those treated with radiation alone. 

 The addition of chemotherapy to radiation im-
proved local control of regional disease and decreased 
the incidence of distant metastasis as compared to ra-
diation therapy alone. Persistent disease after treatment 
was found in 37% of patients in the radiation alone 

TABLE 55.2
Single Institution Results for Definitive Chemoradiation Therapy in Patients with Esophageal Cancer

Trial
Number of 

patients
Radiation 
dose (Gy)

Chemotherapeutic 
agents

Median survival 
(months)

Two-Year 
survival (%)

Herskovic, et al. (18) 39 30.0 Cisplatin, 5-FU 9.8 20

22 50.0 Cisplatin, 5-FU 19.5 36

Coia, et al. (19) 30 60.0 Cisplatin, Mitomycin C 18.0 47

Keane, et al. (45) 20 22.5–25.0 5-FU, Mitomycin C 12

15 45.0–50.0 – 48

John, et al. (46) 30 41.4–50.4 Cisplatin, 5-FU, 
 Mitomycin C

11.0 29

 Abbreviations: 5-FU = 5-fluorouracil. 
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arm, compared to 25% in those treated with chemora-
diation ( P  < 0.01). Furthermore, local failure at fi rst site 
of recurrence also decreased from 24% to 17% with the 
addition of chemotherapy. One year following therapy, 
the rate of persistent or recurrent disease remained sig-
nifi cantly lower in the chemoradiation arm (62% versus 
44%,  P  = 0.01). Finally, a signifi cantly lower rate of dis-
tant failure was also associated with combined modality 
therapy, with a distant failure rate of 38% versus 22% 
in the chemoradiation arm ( P  < 0.005). 

 Araujo and associates reported similar results of 
a phase III trial conducted by the Brazilian National 
 Cancer Institute (21). Fifty-nine patients enrolled be-
tween 1982 and 1985 were randomized to either ra-
diation alone (50 Gy) or the same radiation regimen 
with 1 cycle of concurrent 5-FU and mitomycin C. The 
5-year overall survival was improved in the chemoradia-
tion arm (6% versus 16%); however, this did not reach 
statistical signifi cance ( P  = 0.16). As in the RTOG study, 
the patterns of failure demonstrate an improvement in 
local control with the addition of chemotherapy. While 
these results are not as impressive as the Herskovic data, 
it should be noted that patients received only 1 cycle of 
chemotherapy concurrently with radiation and did not 
receive any adjuvant chemotherapy. Furthermore, this 
study may have been underpowered to show any signifi -
cant difference between the 2 arms. Nonetheless, there 
appears to be a benefi cial interaction between the che-
motherapy and radiation, which drives the improvement 
in local control. 

 More recently, Smith and colleagues published the 
results of a phase III trial run through the Eastern On-
cology Cooperative Group, which randomized patients 

to radiation therapy (60 Gy) with or without concur-
rent 5-FU and mitomycin C chemotherapy (22). Patients 
enrolled in this study had the option to be evaluated 
for surgical resection after 40 Gy. Ultimately, 54 of 
119 patients proceeded to surgery. The median and 
2-year overall survivals were both signifi cantly longer for 
those receiving chemoradiation (14.8 months and 27%, 
respectively) as compared to the radiation alone arm 
(9.2 months and 12%, respectively,  P  = 0.04). On multi-
variate analysis, stage was the only signifi cant predictor 
for survival; patients with stage I disease had a median 
survival of 14.8 months compared to 9.4 months in 
those with stage II disease ( P  = 0.01). 

 These results have established chemoradiation ther-
apy as the standard of care for locally advanced esopha-
geal carcinoma. However, it is important to note that the 
benefi ts of improved local control, decreased distant fail-
ure, and longer overall survival associated with the addi-
tion of chemotherapy come at the expense of increased 
acute toxicity. In the RTOG trial, chemoradiotherapy 
was associated with a 44% and 20% incidence of severe 
and life-threatening acute toxicities, respectively, versus 
25% and 3% in the radiation alone arm. The incidence 
of late toxicity was similar between both arms. Similar 
fi ndings were observed in both the ECOG and Brazil-
ian studies. The most signifi cant toxicities encountered 
in each of these studies included esophagitis and hema-
tologic sequelae. 

 Despite the signifi cant improvements in outcome 
associated with chemoradiation therapy, local failure 
continues to occur in approximately 20% to 50% of 
 patients. Consequently, investigators began to explore 
radiation dose escalation in the setting of  chemoradiation 

TABLE 55.3
Results from Randomized Trials Evaluating Radiation Therapy Alone versus Chemoradiotherapy 

in Patients with Esophageal Cancer

Trial Number of patients Radiation dose (Gy) Chemotherapeutic agents Two-Year survival (%)

Araujo, et al. (21) 28 50.0 None 22

31 50.0 5-FU, Mitomycin C 38

Smith, et al. (22) 62 40.0 None 12

65 40.0 5-FU, Mitomycin C 27

Wobbes, et al. (47) 111 40.0a None 15

110 40.0a Cisplatin 20

Cooper, et al. (48) 62 64.0 None 0b

61 50.0 Cisplatin, 5-FU 26b

asplit course.
b3-year survival.
Abbreviations: 5-FU = 5-fluorouracil.
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to further improve local control. Building upon the suc-
cess of RTOG 85–01, the phase III intergroup (INT) trial 
0123 was designed to evaluate the effi cacy of radiation 
dose intensifi cation with concurrent chemotherapy (23). 
Prior to the initiation of this study, modifi cations had to 
be made to the original RTOG 85–01 design to account 
for the expected increased toxicity of dose escalation. 
Therefore, the daily radiation dose was decreased from 
2.0 Gy/day to 1.8 Gy/day, and most importantly, the 
radiation treatment fi elds were reduced to 5 cm proxi-
mal and distal to the tumor volume and a 2 cm radial 
margin. The fi elds used in the previous RTOG study re-
quired the entire esophagus to receive 30 Gy followed 
by a small fi eld boost of an additional 20 Gy with a 
5 cm superior and inferior margin. The chemotherapy 
regimens remained essentially the same in both studies. 
Patients in this study were randomized to receive cis-
platin and 5-FU chemotherapy with either 50.4 Gy or 
64.8 Gy of radiation therapy. 

 After accruing 236 patients, the intergroup study 
was closed after a planned interim analysis revealed 
a low probability of fi nding a statistically signifi cant 
benefi t in the high-dose arm. The median survival was 
13 months in the high-dose arm and 18.1 months in the 
low-dose arm. The locoregional control rates were also 
similar in both treatment arms (56% versus 52%). The 
toxicity of treatment, particularly grade V toxicity, was 
disproportionately higher in the high-dose arm, which 
had 11 treatment-related deaths versus 2 in the standard 
arm. However, the majority of deaths (7/11) occurred at 
doses < 50 Gy, while the remaining 4 occurred during 
or after the high-dose period. As such, dose escalation 
should not be interpreted to be associated with higher 
mortality. Nevertheless, the dose of 50.4 Gy remains the 
standard of care for combined modality therapy. 

 Altered Fractionation in Chemoradiation 

 Throughout the 1980s and 1990s, trials of altered frac-
tionation schemes in sites such as the head and neck and 
lung demonstrated better rates of local control. Based on 
these encouraging results, there have been several pub-
lications investigating the feasibility and effi cacy of this 
treatment strategy in esophageal cancer. A phase II trial 
from the Cleveland Clinic evaluated 72 patients treated 
with induction chemotherapy (cisplatin/5-FU) and con-
current split course of accelerated fractionation radiation 
(1.5 Gy twice daily to 45 Gy) followed by evaluation 
for surgical resection (24). The induction therapy was 
associated with signifi cant toxicity; the most common 
severe toxicity was mucositis, which occurred in 18% 
of patients. Sixty-seven patients ultimately underwent 
surgical resection, and the pathologic complete response 
rate for induction chemoradiotherapy was 27%. The ac-
tuarial 4-year survival for the entire cohort was 44%. 

 Recently, Choi and associates reported on a phase 
I/II trial of concurrent chemotherapy (cisplatin, 5-FU, 
and paclitaxel) and radiation therapy utilizing a concur-
rent boost technique (25). The radiation was delivered in 
1.8 Gy per fraction to a total dose of 45 Gy. A concomi-
tant boost of 1.5 Gy per fraction to a total boost dose 
of 13.5 Gy was delivered on Days 1 to 5 and 29 to 32 
of the chemotherapy cycles. The total dose to the tumor 
was 58.5 Gy. Patients determined to be resectable after 
chemoradiotherapy were then offered surgery. Forty-six 
patients were enrolled on the study from 1995 to 1997. 
Severe (grade III/IV) esophagitis was reported in 55% of 
patients. Twenty percent of patients experienced febrile 
neutropenia requiring hospitalization. Forty patients 
underwent surgical resection after chemoradiation, and 
a pathologic complete response was found in 45% of 
these patients. The median survival time was 34 months, 
while the 5-year actuarial survival was 37%. While these 
studies are encouraging, there is clearly a signifi cant in-
crease in treatment-related toxicity associated with al-
tered fractionation regimens. Further investigation is 
warranted to better delineate suitable candidates and 
should be done only on a clinical trial. 

 Defi nitive Chemoradiation versus 
Trimodality Therapy 

 Surgical resection has played a signifi cant role in the 
management of patients with esophageal cancer since 
the early 1900s. As newer chemotherapeutic agents and 
radiation techniques have been developed, surgical re-
section continues to be incorporated into the manage-
ment of select patients. While the goal of this strategy 
is to increase local control, the increase in treatment-
related mortality is not inconsequential. Recently, there 
have been 2 European phase III trials that have random-
ized patients to defi nitive chemoradiation versus trimo-
dality therapy. 

 Bedenne and associates randomized 455 pa-
tients with potentially resectable T3 to T4, N0 to N1 
esophageal cancer to neoadjuvant chemoradiation or 
trimodality therapy (26). All patients received 2 cycles 
of cisplatin and 5-FU chemotherapy concurrently with 
radiation therapy to a total dose of 46 Gy in 2 Gy per 
fraction. Patients who achieved a partial response were 
then randomized to completion of defi nitive chemora-
diation therapy (3 more cycles of chemotherapy and an 
additional 20 Gy) or surgical resection; 259 patients 
ultimately underwent randomization, of which the vast 
majority had squamous type carcinomas (88%). The 
2-year survival and local control rates were 34% and 
66.4% in the trimodality arm, respectively. This was 
not  signifi cantly different from the chemoradiation 
alone arm (40% and 57%, respectively). However, the 
3-month mortality rate was signifi cantly higher in the 
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trimodality arm (9.3% versus 0.8%,  P  = 0.002). The 
authors therefore concluded the addition of surgical re-
section after chemoradiation provides no benefi t in the 
treatment of squamous esophageal carcinomas. 

 Similarly, Stahl and colleagues published a phase 
III randomized trial of 172 patients with T3 or T4 and 
N0 or N1 squamous-cell carcinomas staged by computed 
tomography and endoscopic ultrasound (27). After ran-
domization, all patients underwent induction chemo-
therapy with 3 cycles of 5-FU, leucovorin, etoposide, 
and cisplatin. Patients randomized to the trimodality 
arm then received concurrent chemoradiotherapy (cisp-
latin, etoposide, 40 Gy) followed by surgery. Patients as-
signed to the defi nitive chemoradiotherapy arm received 
the same chemotherapy with > 65 Gy. The 3-year over-
all survival was not statistically different between those 
who underwent defi nitive chemoradiation and those who 
underwent trimodality therapy (20% versus 28%). The 
2-year  progression-free survival was signifi cant better in 
the trimodality arm (64% versus 40%). However, treat-
ment-related mortality was also signifi cantly higher in the 
surgical group. On multivariate analysis, several prognos-
tic factors were evaluated; however, only tumor response 
after induction chemotherapy proved to be statistically 
signifi cant. Although an improvement in local control 
was observed in the trimodality therapy arm, the high 
postoperative mortality rate counteracts any potential 
gain in survival associated with the addition of surgery. 

 The results of these 2 phase III randomized trials 
comparing trimodality therapy to defi nitive chemoradia-
tion are strikingly similar in their outcomes. In both tri-
als, the addition of surgery to chemoradiation therapy 
was associated with increased treatment-related toxicity, 
which ultimately compromised overall survival. Further 
investigation is warranted in better delineating factors 
associated with increased risk of mortality and in the 
identifi cation of suitable patient populations for trimo-
dality therapy, which may yield more favorable results. 
In the end, both of these studies reinforce defi nitive 
chemoradiation therapy as the standard of care in the 
management of locally advanced esophageal cancer. 

 Induction Chemotherapy 

 One of the more provocative fi ndings in the previously 
mentioned trimodality study by Stahl et al. was the 
prognostic signifi cance of response to induction che-
motherapy. This treatment strategy has been used in 
many different disease sites, most notably in head and 
neck cancer (28,29). The rationale behind incorporat-
ing induction chemotherapy into the treatment of lo-
cally advanced esophageal cancer include the potential 
improvement in local control and reduction of distant 
failure. Investigators from the MD Anderson Cancer 
Center have reported on this strategy in patients with 

potentially resectable cancer of the esophagus or gastro-
esophageal junction. They found a 59% response rate 
to induction chemotherapy, and with a median  follow-
up of 20 months, the median survival had not been 
reached (30). The RTOG recently presented data from a 
randomized phase II trial (RTOG 0113) that compared 
2 paclitaxel-based induction-chemotherapy regimens 
in non-operative patients and found unacceptably high 
rates of treatment-related toxicity in both arms (31). 
Ultimately, the increased toxicity associated with the 
induction therapy seen in the RTOG study as well as 
other trials, such as Intergroup 0123, limits the use of 
this  approach in future investigations. 

 Future Directions: Targeted Therapies 

 The discovery of growth factors, cell surface receptors, 
and their resultant signaling cascades has led to a greater 
understanding of tumorigenesis. Dysregulation of angio-
genesis, infl ammation, cell cycle control, growth, and 
cell migration are all essential components of neoplas-
tic transformation that involve growth factors and cell 
surface receptors. A new class of systemic therapies spe-
cifi cally targeting cellular growth protein receptors and 
downstream signaling pathways has shown promising 
results in improving the therapeutic ratio of oncologic 
treatment. 

 The epidermal growth factor receptor (EGFR, 
ErbB-1) is a member of the ErbB family of receptor ty-
rosine kinases. These receptors combine an extracellu-
lar ligand binding domain with an intracellular tyrosine 
kinase, which, upon activation, initiates cell signaling 
cascades. Activation of these receptors in cancer cells 
results several downstream effects, including autocrine 
stimulation, mutation, and/or overexpression. Ap-
proximately 90% of esophageal carcinomas have been 
shown to overexpress EGFR, which has been correlated 
with a poor prognosis in several studies (32–35). As a 
result, several molecular targeting strategies have been 
developed and include antibodies to the extracellular 
ligand binding domain or small molecule inhibitors 
blocking the receptor tyrosine kinase activity. Table 
55.4 lists several targeted agents and their mechanisms 
of action. 

 Cetuximab, a monoclonal (IgG1) antibody against 
the extracellular domain of EGFR, has been studied in 
conjunction with radiation therapy. Preclinical studies 
have suggested a synergistic effect with the addition 
of cetuximab to radiation therapy in head and neck 
squamous-cell carcinoma lines (36). Proposed mecha-
nisms of radiosensitization include: induction of G1 
cell cycle arrest, inhibition of cellular proliferation, 
 promotion of radiation-induced apoptosis, inhibition 
of  radiation-induced damage repair, and inhibition of 
tumor angiogenesis. 
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 Recently, a phase III randomized study of radia-
tion therapy versus radiation therapy and cetuximab 
in patients with locally advanced head and neck cancer 
demonstrates a local control and overall survival benefi t 
with the addition of cetuximab (37). Notably, there was 
no increase in treatment-related toxicity in patients who 
received cetuximab. While cetuximab and radiation 
therapy has been shown to be tolerable and effi cacious, 
the addition of chemotherapy to this treatment strategy 
remains investigational. 

 Two phase II studies incorporating cetuximab with 
chemoradiation, in esophageal carcinoma, have recently 
been reported with confl icting results. The fi rst study ad-
ministered 5,040 cGy/28 fractions of radiation therapy 
and concurrent weekly cisplatin 30 mg/m 2 , irinotecan 
65 mg/m 2 , and cetuximab 250 mg on weeks 1, 2, 4, and 
5, followed by surgery 4 to 8 weeks after completion of 
RT (38). When compared to similar studies in patients 
undergoing trimodality therapy, the addition of cetux-
imab resulted in a lower complete response rate and 
higher overall toxicity. Conversely, investigators from 
the Brown University Oncology Group and the Uni-
versity of Maryland Greenebaum Cancer Center found 
an endoscopic complete response rate of 65% and ac-
ceptable toxicity in a phase II trial of cetuximab, car-
boplatin, paclitaxel, and 50.4 Gy of radiation therapy 
(39). The Southwest Oncology Group protocol 0414 is 
a phase II trial of induction cetuximab, cisplatin, and 
irinotecan, followed by the 3-drug combination and ra-
diotherapy. This protocol closed in the fall of 2007 and 
results are pending. Ultimately, the role of cetuximab 
in combination with defi nitive chemoradiotherapy will 

be evaluated in an upcoming phase III trial run by the 
RTOG. 

 HER-2 (ErbB2), another member of the ErbB re-
ceptor family, has also been shown in several studies to 
be overexpressed in esophageal carcinoma lines (40–42). 
HER-2 overexpression has been linked to increased 
tumor invasiveness, lymph node metastasis, and chemo-
resistance. Traztuzumab is a humanized IgG1 antibody 
against HER-2 receptor. There appear to be multiple 
mechanisms through which the antibody exerts its ef-
fect, including: G1 cell cycle arrest, downregulation of 
the HER-2 receptor, disruption of downstream signal-
ing cascades, suppression of angiogenesis, and promo-
tion of apoptosis. Safran and associates recently reported 
on a phase I/II trial of locally advanced adenocarcinoma 
treated with traztuzumab, paclitaxel, cisplatin, and radia-
tion therapy in patients with HER-2 overexpression (43). 
Thirty-three percent of screened patients overexpressed 
HER-2 by immunohistochemistry. The median survival 
for the cohort was 18 months, with 42% of patients alive 
at 2 years. These fi ndings, therefore, warrant further in-
vestigation in patients with HER-2 overexpression. 

 Vascular endothelial growth factor (VEGF) is a 
family of potent endothelial growth factors that have 
been extensively investigated in cancer therapy. VEGF 
has been shown to have apoptotic effects and be in-
volved in the regulation of vascular permeability and 
proliferation. Bevacizumab, an antibody against VEGF, 
has been shown to have radiosensitizing effects in pre-
clinical studies with esophageal cancer lines (44). As a 
result, ongoing trials incorporating bevacizumab into 
chemoradiation regimens are being evaluated in phase 

TABLE 55.4
Selected Targeted Biologic Agents

Agent Target Mechanism of action

Cetuximab EGFR Antibody to the extracellular domain that prevents ligand binding and 
 subsequent activation of the receptor.

Erlotinib EGFR Small molecule tyrosine kinase inhibitor that prevents kinase activity from 
 initiating downstream signaling cascade.

Trastuzumab HER-2 Antibody to the extracellular domain that prevents ligand binding and 
 subsequent activation of the receptor.

Laptinib EGFR/HER-2 Small molecule tyrosine kinase inhibitor that prevents kinase activity from 
 initiating downstream signaling cascade.

Bevacizumab VEGF Antibody to the VEGF ligand that prevents its binding to and activation 
of the VEGFR.

Sorafenib PDGFR/VEGFR/
Flt-3/c-Kit/Raf

Small molecule tyrosine kinase inhibitor that prevents kinase activity from 
 initiating downstream signaling cascade.

Abbreviations: EGFR = epidermal growth factor receptor; VEGF = vascular endothelial growth factor; VEGFR = vascular endothelial 
growth factor receptor; PDGFR = platelet derived growth factor receptor.
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II trials; however, in light of recent reports of increased 
associated tracheoesophageal fi stula formation in other 
disease sites, its use may be limited. 

 CONCLUSION 

 Over the last 100 years, the management of locally ad-
vanced esophageal cancer has evolved from single mo-
dality therapy to a combined modality approach. The 
addition of chemotherapy to radiation therapy has led to 
a dramatic increase in overall survival when compared to 
radiation alone; however, 5-year survival of 20% to 25% 
leaves room for improvement. Increases in distant failure 
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this changing pattern of failure. The addition of surgery 
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ing the molecular biology of cancer have led to the devel-
opment of targeted systemic therapy. As biologic agents 
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phase III trials. As our understanding of the biology of 
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therapies will lead to improved long-term survival. 
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ndoscopic therapy has been proven 
to be safe and effective for early 
Barrett’s neoplasia, with complete 
remission rates of 83% to 100%. 
Achieving such high remission 

rates depends on adequate patient selection, identifying 
those patients with only localized disease who have a 
low- or absent-risk of lymph node metastasis. For ade-
quate patient selection, a systematic endoscopic work-up 
using high-quality endoscopes and adequate sampling of 
the Barrett’s segment with expert histologic evaluation is 
necessary. A defi nitive diagnosis and assessment of the 
risk of lymph node involvement can be made by endo-
scopic resection of neoplastic lesions, since it provides a 
specimen for histologic evaluation. Different endoscopic 
resection techniques are available, of which the endo-
scopic cap resection technique after mucosal lifting is the 
most widely used. The ligate-and-cut technique using 
the novel multiband mucosectomy kit has made endo-
scopic resection of large areas of fl at mucosa easier, pos-
sibly safer and faster. Long-term remission rates are best 
achieved by eradication of the complete Barrett’s seg-
ment. Most endoscopic ablation techniques (i.e., photo-
dynamic therapy and argon plasma coagulation) do not 
achieve complete Barrett’s eradication in most patients 
and are associated with foci of Barrett’s glands covered 
with neosquamous epithelium (a.k.a., buried Barrett’s). 

Persistent genetic abnormalities and recurrences of neo-
plasia are still frequently seen after ablation. Radical 
endoscopic resection of the complete Barrett’s segment 
results in complete eradication of all Barrett’s mucosa in 
most patients without persistent genetic abnormalities 
in the neosquamous epithelium, a lower rate of buried 
Barrett’s, and possibly a lower recurrence rate. This ap-
proach, however, also leads to symptomatic esophageal 
stenosis in a signifi cant percentage of patients. A novel 
endoscopic ablation technique, making use of radiofre-
quency energy, may prove to be an effective technique 
without aforementioned drawbacks. 

 With the evolution of endoscopic imaging and treat-
ment of Barrett’s esophagus and early Barrett’s neoplasia, 
the management of Barrett’s esophagus patients has be-
come highly specialized. To be able to determine the opti-
mal endoscopic treatment strategy with good short-term 
 and  long-term results for patients with early Barrett’s 
neoplasia, systematic prospective registration of treated 
patients with reporting of long-term follow-up results is 
imperative. The management of patients with early Bar-
rett’s neoplasia and research into management of these 
patients should, therefore, be performed in expert centers 
with expert endoscopists, pathologists, and surgeons. 

 The fi rst report on Barrett’s esophagus (BE) was in 
1950 by Norman Barrett. Since then, several defi nitions of 
BE have been proposed (1). The currently used defi nition 

 E
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of BE in the United States is that Barrett’s esophagus is a 
change in the esophageal epithelium of any length that can 
be recognized at endoscopy and is confi rmed to have intes-
tinal metaplasia (IM) by biopsy of the tubular esophagus 
and excludes intestinal metaplasia of the cardia (2–4). 

 BE is thought to be a result of long-standing severe 
refl ux of gastric and duodenal contents into the esopha-
gus. It is assumed that the normal squamous epithelium 
is replaced by mucus-secreting columnar mucosa in 
order to protect the tubular esophagus against the ero-
sive effect of gastroduodenal content. 

 The typical BE patient is an obese middle-aged 
Caucasian male. The prevalence of BE is estimated at 
10% of patients undergoing upper endoscopy for refl ux-
associated symptoms (5), whereas a recent large-sized 
population-based Swedish study showed a population 
prevalence of 1.6% (6). 

 A premalignant condition, BE may progress to 
carcinoma through a metaplasia-neoplasia-carcinoma-
pathway in a rate of 0.5% per year (7–9). This path-
way is accompanied by several oncogenetic alterations, 
like numerical chromosomal changes, specifi c losses of 
tumor suppressor genes (e.g., p16 and p53), or gains of 
oncogenes (e.g., HER2/neu) as well as increased expres-
sion of certain proteins (e.g., Ki67) (10–21). 

 The presence of the premalignant Barrett’s esopha-
gus, together with this multistep pathway, enables the 
detection of early neoplastic lesions before an advanced 
and often incurable adenocarcinoma becomes symp-
tomatic. This is the reason why regular endoscopic sur-
veillance is advised for patients with a known Barrett’s 
esophagus (4). This endoscopic surveillance is aimed 
at detecting early neoplastic changes in the Barrett’s 
segment, such as high-grade intraepithelial neoplasia 
(HGIN) or early adenocarcinoma (EAC; i.e., mucosal 
or superfi cial submucosal lesions) with a more favorable 
prognosis (22,23). 

 The standard treatment of HGIN and EAC used to 
be surgical esophagectomy. This is an invasive treatment 
modality with signifi cant morbidity and mortality rates 
that also reduces quality of life (24,25). These early neo-
plastic Barrett’s lesions have a very low rate (0%–2%) of 
local lymph node involvement (26–28). Therefore, effec-
tive endoscopic therapy of the primary lesion may cure 
these patients without the need for esophagectomy. A 
variety of endoscopic resection and ablation techniques 
are now available for treatment of HGIN and EAC in 
BE. Studies have shown that in expert hands, endoscopic 
treatment of early neoplasia in BE is safe and effective in 
selected patients (29–31). 

 This review will discuss the adequate selection of 
BE patients who may be eligible for endoscopic treat-
ment and the different endoscopic techniques available. 
In addition, we will make recommendations for the (en-
doscopic) management of Barrett’s patients. 

 PATIENT SELECTION 

 Most experts consider non-dysplastic BE not an indica-
tion for endoscopic resection and ablation. The reason 
for this is 2-fold: 

 1.  The chances of progression to EAC are small in this 
category of patients (0.5% per patient year) (5,6); 

 2.  Currently available treatment options are technically 
demanding, do not result in complete removal of BE 
or require multiple treatment sessions, are associated 
with complications, and/or are expensive. 

 The currently held opinion is therefore that patients 
with a non-dysplastic BE have little to gain and more 
to lose by endoscopic treatment. The opposite is true 
for patients who show unequivocal neoplastic progres-
sion (i.e., HGIN or EAC). For these patients, however, 
proper selection is imperative: basic rule is that only 
patients with mucosal lesions should be treated endo-
scopically whereas those with deeper invading lesions 
are best treated surgically given their chances of local 
lymph node metastasis. We will discuss the endoscopic 
work-up of these patients, the histopathologic evalua-
tion of tissue specimens, and procedures required for the 
staging early neoplastic lesions in BE. 

 ENDOSCOPIC WORK-UP 

 During endoscopic work-up, the esophagus of patients 
with (possible) early Barrett’s neoplasia is “mapped.” 
The work-up is aimed at detecting all neoplastic lesions 
in the Barrett’s segment and identifying the most ad-
vanced lesion, which is most important to determine the 
appropriate management strategy. Basic guidelines for 
optimal endoscopic imaging of Barrett’s esophagus en-
compass 3 variables: the quality of the video- endoscope, 
the experience of the endoscopist, and a systematic 
 endoscopic approach. 

 Following the inspection of the Barrett’s segment 
and classifi cation of visible lesions, biopsies should be 
obtained from all visible lesions, followed by random 
4-quadrant biopsies for every 2 centimeters of the Barrett’s 
segment. We follow the principle  “look longer, biopsy 
less,”  since we believe that thorough inspection followed 
by targeted biopsies is more important than obtaining 
random biopsies (32). In the absence of visible lesions, 
however, random biopsies should still be obtained. 

 Macroscopically visible lesions are classifi ed ac-
cording to the Paris classifi cation (33,34), adopted from 
the Japanese Gastric Cancer Association (35). In this 
classifi cation type 0 is used for superfi cial lesions, which 
is divided into 3 categories. The 0-I and 0-II types are 
amendable for endoscopic treatment with 0-I and 0-IIc 
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being associated with a higher risk for submucosal inva-
sion. Type 0-III is not suited for endoscopic therapy since 
these lesions always invade into the submucosa (36). 

 For optimal endoscopic detection, characteriza-
tion, and delineation, several advanced imaging tech-
niques are available such as chromoendoscopy, narrow 
band imaging (NBI), autofl uorescence imaging (AFI), 
and confocal endomicroscopy. The exact role of these 
techniques has to be defi ned and none has yet emerged 
as the imaging technique of choice. 

 HISTOPATHOLOGIC EVALUATION 

 The histopathologic evaluation determines the individ-
ual patient management, either endoscopic surveillance 
(non-dysplastic BE and low-grade intestinal neoplasia), 
endoscopic therapy (HGIN and intramucosal cancer), 
or surgery (submucosal invading lesions). The histologic 
evaluation of a biopsy specimen is based on multiple mor-
phologic characteristics, such as (among others) cellular-
ity, presence and distribution of undifferentiated-atypical 
cells, presence of normal gradual differentiation toward 
the surface and size, and shape and polarity of nuclei. 

 The revised Vienna classifi cation is used to classify 
neoplastic changes in BE (known as intraepithelial neo-
plasia [IEN]) (37,38). This classifi cation incorporates 
5 catergories: non-neoplastic BE, indefi nite for neopla-
sia, low-grade intraepithelial neoplasia (LGIN), high-
grade intraepithelial neoplasia (HGIN), and invasive 
carcinoma. The reliability of the diagnosis appears to 
increase when an expert pathologist or a second pathol-
ogist agrees on the diagnosis. It is therefore strongly ad-
vised to have histopathologic specimens reviewed by an 
expert pathologist before invasive treatment is advised 
(39). The additional value of molecular markers (e.g., 
Ki-67, p16, p53, and Her-2/neu) to assist in the grading 
of IEN will be discussed in other chapters. The histo-
pathologic evaluation of routine tissue slides, however, 
remains the gold standard for the grading of IEN in BE. 

 STAGING OF EARLY NEOPLASTIC LESIONS 

 Infi ltration Depth 

 The most important prerequisite for successful endo-
scopic treatment is the absence of local lymph node 
metastases. Lymph node involvement is associated with 
increasing infi ltration depth, a poor differentiation grade 
and lymphatic vascular involvement (4,27,40,41). Infi l-
tration depth of T1 tumors (i.e., infi ltration up to the 
level of the muscularis propria) in Barrett’s esophagus 
is often classifi ed into 5 to 7 categories. Mucosal lesions 
are subdivided into 3 or 4 categories, depending on the 
presence of a double muscularis mucosae, which is often 

the case in Barrett’s esophagus (42). T1m1 indicates that 
the tumor is limited to the epithelial layer, T1m2 indi-
cates infi ltration into the lamina propria, and T1m3/4 
indicates infi ltration into the (fi rst or second) muscularis 
mucosae layer. The submucosa is usually divided into 
3 equal parts: T1sm1–3. There are strikingly few studies 
available about risk of lymph node involvement in early 
Barrett’s neoplasia compared to early esophageal squa-
mous cell carcinomas and early gastric carcinomas. With 
the available data we can conclude that lymph node me-
tastases are never encountered in patients with HGIN 
(0%: 95% confi dence interval [CI]: 0–0) and are only 
rarely present in patients with mucosal cancers (1.4%; 
CI:-3.25–6.05) (26–28). 

 Assessment of infi ltration depth is thus important for 
determining the optimal treatment strategy for the patient. 
Are there ways to reliably assess this prior to endoscopic 
or surgical resection? As described earlier, the endoscopic 
aspect of a lesion may predict its infi ltration depth. For 
Barrett’s neoplasia, however, there are not enough data 
available to determine the depth of infi ltration with enough 
certainty based on the endoscopic view alone. 

 Endoscopic Ultrasonography 

 Endoscopic ultrasonography (EUS) is currently the most 
important and most accurate technique for T and N stag-
ing in esophageal cancer and is superior to CT scanning 
(43). The overall accuracy of standard 7.5–12-MHz EUS 
in the assessment of infi ltration depth, including squa-
mous cell carcinomas and advanced carcinomas, is ap-
proximately 75% (44,45). The diagnostic accuracy of EUS 
pertaining to lymph node involvement (N-stage) has been 
reported to range from 68% to 86% (46,47). Compared 
to other imaging techniques, such as CT-scanning, the en-
dosonographic assessment of malignant lymph nodes is 
clearly superior (47,48), and standard EUS is superior to 
high frequency miniprobes due to the deeper penetration. 
With EUS-guided fi ne needle aspiration (EUS-FNA), sus-
picious lymph nodes can be sampled to obtain a cytologic 
diagnosis. EUS-FNA can increase the specifi city of EUS 
N-staging and in advanced cancers the accuracy of EUS 
N-staging can be increased up to 90%. For the work-up 
and staging of patients with early lesions, N-staging is of 
crucial importance: positive lymph nodes will exclude the 
patient from endoscopic treatment. 

 Endoscopic Resection as a Staging Tool 

 For completing and optimizing the T-staging of early 
Barrett’s neoplasia, the lesion can be endoscopically 
resected. The resection provides a specimen that can 
be histologically evaluated, leading to an objective 
T-stage diagnosis (49–52). If the histology of the  resection 
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 specimen shows a radically removed  mucosal  lesion, the 
diagnostic endoscopic resection also was the fi rst step 
in the endoscopic treatment of the patient. The chances 
of having positive lymph nodes in this patient are then 
smaller (i.e., < 2%) than the mortality of an esophagec-
tomy justifying subsequent endoscopic management. If 
the specimen shows a poorly or undifferentiated cancer, 
if the cancer has a positive vertical resection margin or 
invades into the submucosa, the patient can still be re-
ferred for surgery with no signifi cant delay. 

 RECOMMENDATIONS FOR WORK-UP 
AND STAGING OF PATIENTS WITH EARLY 

 BARRETT’S NEOPLASIA 

 Patients with early Barrett’s neoplasia are eligible for en-
doscopic therapy if they have an endoscopically resectable 
lesion without (or with a low risk of) lymph node and 
distant metastases. This is generally the case in patients 
with a well or moderately differentiated, type 0-I or 0-II 
lesion, with a maximum infi ltration depth of T1m3(-4). 
In individual cases poorly differentiated and superfi cial 
submucosal (T1sm1) lesions can be eligible too (e.g., in 
case of signifi cant contraindications for surgery). 

 The work-up of patients with (possible) early 
 Barrett’s neoplasia should be performed by an endos-
copist with expertise in the endoscopic inspection of 
Barrett’s esophagus using state-of-the-art endoscopic 
equipment. The endoscopic work-up should be aimed 
at identifi cation of the most suspicious area and all sur-
rounding additional abnormal areas, after which the in-
fi ltration depth of the most suspicious lesion should be 
determined. EUS can be used for to identify lesions with 
overt deep (T2–4) invasion but these are usually recog-
nized as such endoscopically. In all other early lesions, 
infi ltration depth can best and objectively be assessed 
with a diagnostic endoscopic resection. 

 N- and M-staging plays a minor role in most pa-
tients with early Barrett’s neoplasia, due to the low risk 
of lymph node involvement and distant metastasis. Until 
further evidence, however, N-staging with EUS and, in 
case of suspicious lymph nodes, EUS-FNA should be 
performed in patients with early neoplasia. M-staging 
with CT-scanning of thorax and abdomen and an ultra-
sound of the neck should be performed in patients with 
(suspicion of) submucosal infi ltration. 

 In case of deep submucosal infi ltration and no con-
traindications for surgery, the patient should be referred 
for esophagectomy. 

 ENDOSCOPIC THERAPY 

 Endoscopic treatment of early BE neoplasia can be di-
vided into 2 main categories: endoscopic resection and 

endoscopic ablation techniques. Endoscopic resection 
(ER) techniques are safe and effective for removal of su-
perfi cial focal lesions with the advantage of histopatho-
logic correlation (52–56). However, ER is less suitable 
for the resection of larger lesions since piecemeal resec-
tion is often necessary, making it impossible to be con-
clusive about the radicality of the resection at the lateral 
margins. Endoscopic ablation therapy, such as photody-
namic therapy (PDT), argon plasma coagulation (APC), 
and radiofrequency ablation (RFA), allows for treatment 
of larger areas but does not provide a specimen for histo-
pathologic evaluation (31,57–59). In Europe and Japan, 
endoscopic resection is considered the cornerstone of en-
doscopic therapy and ablative therapy is mainly used as 
an adjunct. In the United States, endoscopic resection is 
less frequently used and ablative therapy is used as the 
primary endoscopic treatment in most centers. 

 Endoscopic Resection Techniques 

 A wide variety of endoscopic resection techniques are 
available. Most of them have been developed in Japan 
for treatment of early gastric cancer or squamous cancer 
of the esophagus. In BE, the endoscopic cap resection 
technique (ER-cap) (Figure 56.1) (60,61) and the ligate-
and-cut-technique (Figure 56.2) (62,63) are most widely 
used. In both techniques the mucosa is sucked into a 
cap, placed on the tip of the endoscope thus creating a 
pseudopolyp. The pseudopolyp is tightened with a snare 
in the ER cap technique or with a rubber band in the the 
ligate-and-cut-technique. In both techniques, the pseudo-
polyp is subsequently resected using electrocoagulation. 

 Recommendations for When to Use 
Which ER Technique 

 May et al. compared 50 ER-cap resections with 50  ligate-
and-cut resections in Barrett’s esophagus and found 
both techniques to be equally effi cient and safe (64). 
A number of studies have retrospectively compared 
the ligate-and-cut technique with the endoscopic cap 
technique, but there is not enough prospective random-
ized data available to make an evidence based choice 
(63,65). For endoscopic resection of small focal lesions 
(i.e., < 10 mm), en bloc resection with the ligate-and-cut 
technique is a safe, easy, and effective method. Focal 
lesions with a diameter between 10 and 20 mm can be 
best resected using the ER-cap technique with a fl ex-
ible large caliber cap since this allows for the largest 
resection specimen increasing the chances of a radical 
en bloc resection. Focal lesions with a diameter larger 
than 20 mm will generally require piecemeal resection, 
which can be performed with the ER-cap technique or 
the ligate-and-cut technique. 
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FIGURE 56.1 

The endoscopic cap resection technique. The target area is first marked and lifted with submucosal fluid injection before or after 
placement of a transparent ER-cap (A). After placement of the ER-snare in the ridge of the ER-cap, the target area is aspirated 
into the ER-cap (B). Subsequently the snare is tightened (C), and the target area is resected (D). Reproduced with permission 
of http://www.barrett.nl.

 Clinical Results with Endoscopic Resection 
as Monotherapy 

 Clinical studies of focal Barrett’s lesions treated with 
ER as monotherapy are scarce (29,66). In most centers, 
patients with residual neoplasia after ER undergo some 
sort of additional therapy to prevent recurrent or meta-
chronous lesions elsewhere in the Barrett’s segment dur-
ing follow-up (29). 

 PHOTODYNAMIC THERAPY 

 Photodynamic therapy (PDT) is the most widely used 
ablation technique for treatment of early neoplasia in 

Barrett’s esophagus (Figure 56.3). There are 3 essential 
components in PDT: a drug, light, and oxygen. For PDT 
a drug is administered that sensitizes (neoplastic) tissue 
for visible light: a photosensitizer. Illumination of tis-
sues that contain the drug with light of the appropri-
ate wavelength activates the drug. The activated drug 
absorbs the energy delivered by the light. This energy is 
transferred to molecular oxygen within the tissue, and 
this transfer leads to the creation of highly reactive sin-
glet oxygen that produces cell damage. The cell dam-
age subsequently causes delayed cell death by necrosis 
and apoptosis (67,68). Mainly cellular and mitochon-
drial membranes are damaged, but nucleic acids and 
proteins are also affected. To ensure a suffi cient oxygen 
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FIGURE 56.2 

The ligate-and-cut endoscopic resection technique. With or without (A) prior submucosal lifting, the lesion is sucked into the 
cap (B) and the rubber band is released, creating a pseudopolyp (C) that is subsequently resected (D). Reproduced with permis-
sion of http://www.barrett.nl.

concentration in blood and tissue during treatment pa-
tients receive oxygen nasally, and there is some evidence 
that hyperbaric oxygen may increase the effi cacy of PDT 
(69–71). The tissue damage is delayed and becomes vis-
ible 8 to 12 hours after the procedure. This makes the 
targeted treatment of areas more diffi cult because there 
is no direct positional feedback. In many centers, there-
fore, the patients undergo an endoscopy 24 hours after 
the treatment to assess the treated area. 

 The exact method of action, the required wave-
length for optimal excitations, and the effi cacy and depth 
of tissue ablation all depend on the type of photosensi-
tizer (e.g., sodium porfi mer [Photofrin II], 5-aminolevu-
linic acid [5-ALA], or meso-tetrahydroxyphenylchlorine 
[mTHPC]). 

 Clinical Results of PDT for Early 
Barrett’s Neoplasia 

 Clinical results obtained in Barrett’s esophagus patients 
with early neoplasia with 5-ALA-PDT, sodium porfi mer 
PDT, and mTHPC are shown in Table 56.1. The ini-
tial success rate of 5-ALA-PDT and sodium porfi mer 
PDT for eradication of the neoplastic lesions with both 
sensitizers is high: 84% for 5-ALA-PDT and 81% for 
sodium porfi mer PDT (not signifi cantly different). The 
recurrence rates of both techniques are also compa-
rable with 16% for 5-ALA-PDT and 18% for sodium 
porfi mer PDT. Differences between the 2 sensitizers are 
most pronounced in the stenosis rate, which is 0% for 
5-ALA and 33% for sodium porfi mer and in the rate of 



FIGURE 56.3 

Photodynamic therapy of Barrett’s esophagus. A and G: Pretreatment image of a Barrett’s segment, after administration of pho-
tosensitizer. B: Insertion of the PDT-balloon over a guidewire. C: Insertion of the laser fiber in the center of the PDT-balloon 
under guidance of green laser light. D: Treatment of the Barrett’s segment with laser light of the appropriate wavelength. E and 
H: Image of the treated Barrett’s segment 24 hours after the procedure, with necrosis of the mucosal layer. F and I: Image of 
the distal esophagus weeks after the PDT treatment with regeneration with neosquamous mucosa and residual Barrett’s islets.
Reproduced with permission of http://www.barrett.nl.
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 development of buried Barrett’s (Table 56.1). Although 
these rates are not statistically different in this limited 
number of series, there seems to be a trend toward a 
higher rate in 5-ALA-PDT than in sodium porfi mer 
PDT. This may be explained by the less deep effect that 
is accomplished with 5-ALA-PDT. 

 A study by Prasad et al. presented at the Digestive 
Disease Week (DDW) 2006 showed that the pretreatment 
presence of a loss of the p16 tumor suppressor gene in-
dependently predicted the response to PDT with an odds 
ratio of 0.12. Assessment of the p16 status before treat-
ment may therefore be used to select patients that may 

TABLE 56.1
Clinical Results of Photodynamic Therapy and Argon Plasma Coagulation for the Eradication of Dysplastic 

 Barrett’s Esophagus or Early Carcinoma in Barrett’s Esophagus

Technique Author Patients

Complete 
 eradication 
neoplasia

Regression
BE

Buried 
Barrett’s Stenosis Recurrence

5-ALA-PDT Barr   5 100% na 40% na na

5-ALA-PDT Gossner  32  84% 68% 7% na  7%

5-ALA-PDT Ackroyd  10  70% Mean 44% na na  0%

5-ALA-PDT Pech  51 100% na na na 24%

5-ALA-PDT Peters  20  75% Median 50% 53% na 27%

Median:
84% (IQR 
73–100)

Median:
40% (IQR 

7–53)

Median:
16% (IQR 

2–26)

porphimer-PDT Overholt   2  50% 50% na na 50%

porphimer-PDT Laukka   5 100% Mean 24% yes na na

porphimer-PDT Overholt   8  88% na na 38% 13%

porphimer-PDT Overholt  12  92% na 8% 33% 17%

porphimer-PDT Sibille  19  89% na na 35% 75%

porphimer-PDT Overholt  36  81% 75–80% 6% 58%  0%

porphimer-PDT Overholt 100  80% 75–80% 5% 34% 23%

porphimer-PDT Overholt 103  77% na 5% 30% na

porphimer-PDT Wolfsen 102  96% na 4% 20% na

porphimer-PDT Overholt 133  77% 72% na 75% 13%

porphimer-PDT Foroulis  25  81% na 20%  6% 18%

Median:
81% (IQR 

77–92)

Median:
6% (IQR 

5–11)

Median:
33% (IQR 

6–36)

Median:
18% (IQR 

13–43)

APC Pereira-Lima  33 100% 100% 0%  9% na

APC Morris  55  96% na 30% na na

APC Van Laethem  10  80% na 30%  1% na

APC Attwood  29  86% 76% na  0 na

APC Ragunath  13  67% Median 65% na 15% na

Median:
86% (74–98)

Median:
30% (IQR 

0–30)

Median:
10% (IQR 

2–14)

Abbreviations: BE = Barrett’s esophagus; NA = not available data; IQR = interquartile range.
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benefi t most by PDT. This will, however, limit the use of 
PDT signifi cantly since almost 75% to 90% of patients 
with early Barrett’s neoplasia have a p16 loss (13,72). 

 Overholt et al. recently published a 5-year follow-
up study in patients receiving porfi mer PDT for HGIN 
(73). Initially, in 77% (n = 106) of the PDT-treated 
patients complete remission of HGIN was achieved. 
During the 5-year follow-up, 28 patients (26%) had 
recurrences of HGIN or cancer. In addition, the prob-
ability of maintaining complete remission of HGIN after 
PDT was 48% after 5 years. 

 Prasad et al. recently published a study in which 
they compared the long-term survival of patients treated 
for HGIN with a combination of endoscopic resection 
and porfi mer-PDT or esophagectomy (74). The overall 
survival between the 2 treatment options was found to 
be comparable, despite the recurrence of HGIN in the 
PDT group of 30% and progression to cancer in 5.4% 
of PDT treated patients. None of the treated patients 
died from an EAC. The authors, however, contributed 
this low mortality rate to their precise and accurate 
 follow-up and subsequent endoscopic resection for neo-
plastic recurrences. 

 The limited clinical data available on mTHPC-PDT 
show a varying success rate with a considerable compli-
cation rate and up to now no clear advantages over the 
other 2 photosensitizers. 

 Complications and Drawbacks of PDT 

 The most important long-term complication of PDT is 
the development of symptomatic, often severe esopha-
geal stenosis (Table 56.1). This complication is almost 
exclusively seen in sodium porfi mer PDT since sodium 
porfi mer accumulates in all esophageal wall layers. After 
sodium porfi mer PDT, stenosis is seen in approximately 
33% of patients (Table 56.1) and is more frequent after 
the treatment of more than one area in one procedure, 
especially when there is overlap of the subsequent areas 
and with the use of longer PDT balloons (75,76). Lower 
energy densities are associated with a lower rate of ste-
nosis but, unfortunately, also with lower effi cacy (76). 

 Another drawback of PDT is the presence of small 
islands of residual Barrett’s mucosa (glands with intes-
tinal metaplasia) located underneath the neosquamous 
mucosa (buried Barrett’s). These buried glands are found 
in a considerable number of patients in published series 
(Table 56.1) and in papers specifi cally evaluating the 
presence of buried Barrett’s, the reported rates are even 
higher, with 33% and 52% (77). The clinical implications 
of buried Barrett’s are not clear. There have been a num-
ber of publications on subsquamous carcinomas arising 
after PDT, supposedly originating from buried Barrett’s 
mucosa (78–80). Some authors, however, suggest that 

the malignant potential of buried Barrett’s is much lower 
than normal Barrett’s mucosa, since the buried mucosa 
is no longer exposed to the toxic esophageal contents 
(81,82). Hornick et al. found that in 68% of the biopsies 
containing buried Barrett’s an extension of the Barrett’s 
mucosa to the surface could be detected, questioning 
the actual percentage of true buried Barrett’s, which is, 
by these authors, supposed to be undetectable due to 
the lack of any contact with the surface (82). The fact 
that upon histologic evaluation, areas of subsquamous 
Barrett’s mucosa apparently can be found to communi-
cate with the surface does, however, not imply that the 
endoscopist can actually detect these areas. To this end, 
changing the term  buried Barrett’s  to  hidden Barrett’s  
may be more appropriate (83). 

 Another important problem associated with PDT 
is that oncogenetic abnormalities as present before PDT 
are still present in the residual and recurrent Barrett’s 
mucosa after PDT (84–86). In addition, new oncoge-
netic abnormalities may be actually induced by the oxy-
gen radicals formed by PDT (87,88). 

 Persistence of oncogenetic abnormalities in the re-
sidual Barrett’s mucosa implicates that this mucosa still 
has malignant potential that may be refl ected by the re-
currence rate of approximately 20% after PDT. 

 Summary PDT 

 PDT is mainly used as additional therapy of the residual 
Barrett’s segment after endoscopic resection of focal le-
sions with HGIN or EC. The purpose of the additional 
therapy is eradication of any residual neoplastic changes 
and prevention of recurrent neoplasia. The initial suc-
cess rate of PDT in eradicating HGIN and EC is accept-
able. The recurrence rates, however, are substantial and 
are hardly better than the recurrence rates after treat-
ment with endoscopic resection of neoplastic lesions 
as monotherapy. Considering the primary purposes of 
PDT, treatment of neoplasia,  and  prevention of recur-
rences, PDT does not seem to live up to these expecta-
tions. This disappointing recurrence rate in combination 
with the problems of buried Barrett’s and persistent and 
induced genetic abnormalities limits the indications for 
PDT signifi cantly, and alternatives are desirable. 

 ARGON PLASMA COAGULATION 

 Argon plasma coagulation (APC) is another endoscopic 
ablation technique that is used for treatment of early 
Barrett’s neoplasia and larger areas of (non-)dysplastic 
Barrett’s mucosa (Figure 56.4). 

 APC is a modality that applies high-frequency elec-
tric current to tissue causing its thermal ablation. The 
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high-frequency current is conducted to the tissue via 
 ionized and therefore electrically conductive argon gas. 
The current generates heat, causing different thermal ef-
fects in zones with different distance to the location of 
application. In the zone where the current fi rst reaches 
the tissue, the tissue is devitalized; in the second zone, 
the tissue is coagulated; in the third zone, the tissue is 
desiccated; and in the fourth zone, the tissue shrinks. 
When a location on the tissue surface loses its electric 
conductivity due to desiccation, the beam automatically 
changes its direction to a location that still is electrically 
conductive. This results in a relatively uniform depth of 
the different zones: the maximum depth of the thermal 
effects is automatically limited, decreasing the risk of 
perforation. The maximum depth of the thermal effects 
is determined by the power settings and the duration of 
application. 

 APC requires an argon gas source, high frequency 
current source, and an applicator to deliver the argon 
and current to the tissue. The APC probe used in gas-
trointestinal endoscopy consists of a fl exible tube with a 
lumen for the argon gas fl ow and a wire connected to an 
electrode at the tip of the probe for conducting the cur-
rent (APC-Sonde 2200A, Erbe Elektromedizin GmbH, 
Tübingen, Germany). The probes fi t through the acces-
sory channel of the endoscope and are connected to the 
APC source and generator (Erbotom ICC 200 and Erbe 
APC 300, Erbe Elektromedizin GmbH). By placing a 
neutral electrode on the patient, an electric fi eld is cre-
ated between the tissue and the electrode in the probe 

that ionizes the argon gas and creates the high-frequency 
current to the tissue. The probe should not make contact 
with the tissue, since the current travels through the gas. 
In general, low-power settings are safer but less effec-
tive than higher settings. For adequate treatment with a 
treatment depth of approximately 2–3 mm a power of 
60–80W is used with an argon gas fl ow of 1.6–2 L/min. 
The tissue should be targeted until a homogenous and 
continuous coagulum has developed there should be no 
separate patches of coagulum. Care should be taken not 
to target one location too long and not to make contact 
between the probe and the tissue, since this could cause 
a microperforation that can be fatal (89). Besides pain 
and odynophagia, perforation and stenosis after large-
area ablation are the only reported complications of 
APC. Late perforations may theoretically occur due to 
transmural necrosis, although this has not been reported 
in clinical series. It is important to make sure that all the 
mucosa of the target area is homogeneously ablated, since 
any residual Barrett’s mucosa could give rise to residual 
Barrett’s mucosa after healing or buried Barrett’s under-
neath the regenerated neosquamous mucosa (see PDT 
section). Buried Barrett’s is seen in approximately 15% 
of the patients treated with APC (Table 56.1) (90–92) 
and subsquamous carcinoma arising in these buried 
glands has been reported (93). Technical drawbacks of 
APC are that the fl ow of argon gas causes infl ation of 
the stomach, which is uncomfortable for the patient and 
causes retching and hiccups, complicating the proce-
dure. Second, coagulum can accumulate on the tip of the 

FIGURE 56.4

Argon plasma coagulation ablation. A: Image of argon plasma coagulation of Barrett’s mucosa. B: Endoscopic image of the 
continuous golden-brown coagulum after argon plasma coagulation of Barrett’s mucosa. Reproduced with permission of http://
www.barrett.nl.
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probe, making, in some cases, repeated cleaning of the 
probe necessary. Another important drawback of APC is 
that, in line with PDT, some preexisting genetic abnor-
malities of the Barrett’s epithelium are not completely 
eradicated by APC. Lopes et al. found overexpression of 
p53 protein in the neosquamous mucosa after APC (94), 
and Hage et al. found persistent genetic abnormalities in 
the persistent Barrett’s mucosa after APC (95). 

 Clinical Results of APC for Treatment of Early 
Neoplasia in Barrett’s Esophagus 

 Clinical results obtained in the few series of APC abla-
tion of large areas of Barrett’s mucosa in patients with 
early neoplasia are shown in Table 56.1. The median 
percentage of successful eradication of neoplasia is rea-
sonable with 86% (IQR 73–97) and comparable to that 
of PDT but with fewer complications and less steno-
sis. During follow-up, recurrences of neoplastic lesions 
have not been reported, but few studies with signifi cant 
 follow-up are available. Complete ablation of all Bar-
rett’s mucosa is reached in only a minority of patients 
or requires multiple treatment sessions. Recurrence of 
Barrett’s mucosa is seen in a median of 8% (IQR 5–30) 
of patients (90,93,96–99). One prospective randomized 
trial has been performed comparing APC with sodium 
porfi mer PDT for eradication of HGIN (80). This trial 
showed that sodium porfi mer PDT was more effective 
for eradicating neoplasia (77% vs. 67%,  P  = 0.03) and 
equally effi cient for eradicating Barrett’s mucosa. PDT 
was more expensive than APC. Four prospective ran-
domized trials have been performed comparing APC 
with either 5-ALA-PDT or multipolar electrocoagula-
tion (MPEC) for ablation of BE without dysplasia or 
with LGIN (58,95,100,101). One study found APC to 
be more effective than 5-ALA-PDT in eradication of 
Barrett’s mucosa (100); the other studies showed no sig-
nifi cant differences in effi cacy of the different treatment 
modalities. 

 A German group has recently published a prospec-
tive feasibility study in which they treated 131 BE pa-
tients with high power APC (30–80W) (VIO APC, Erbe 
Electromedizin, Tübingen, Germany) with or without 
prior ER or PDT for HGIN or EAC (102). They reported 
an overall complication rate of 11% for minor compli-
cations (e.g., chest pain, odynophagy) and 1% for major 
complications (e.g., stricture) at 30W. The minor com-
plication rate increased, however, to 43% if the power 
was raised to 70W. 

 In Summary 

 For eradication of early Barrett’s neoplasia, APC has 
an acceptable success rate comparable with PDT and 

seems to be associated with fewer recurrences during 
follow-up (Table 56.1). It is also associated with only 
partial ablation of BE in most patients with again a 
signifi cant percentage of buried Barrett’s, persistent ge-
netic abnormalities, and recurrence of Barrett’s  mucosa 
 during follow-up. The technique is time consuming 
when used for large areas, and it is uncomfortable for 
the patient. Therefore, we believe that APC is not suit-
able for  ablation of large areas of Barrett’s mucosa. It 
can, however, in some cases be useful for ablation of 
small residual isles of Barrett’s mucosa for example after 
piecemeal endoscopic resection for eradication of small 
residual bridges between the resections. 

 STEPWISE RADICAL ENDOSCOPIC 
RESECTION 

 Given the aforementioned limitations of PDT and APC, 
some centers have treated patients with complete en-
doscopic resection of the Barrett’s segment in multiple 
sessions. With this stepwise radical endoscopic resection 
(SRER), all premalignant tissue is completely resected 
 with  histologic correlation (Figure 56.5). It is expected 
to induce less buried Barrett’s, since endoscopic resection 
usually extends into the submucosa, leaving no residual 
Barrett’s mucosa behind to be buried. SRER may there-
fore lead to a permanent cure of Barrett’s esophagus and 
its associated neoplasia. 

 Seewald et al. published a series of 12 patients with 
a median Barrett’s length of 5 cm (30). They performed 
endoscopic resections using the simple-snare technique 
and required a median number of 2.5 sessions with a 
median of 5 resections per session. There were no severe 
complications and no recurrence of Barrett’s mucosa or 
neoplasia during a median follow-up of 9 months was 
observed. Two of 12 patients (17%) developed stenosis 
managed by bougienage. 

 The Amsterdam group has reported their SRER 
experience in 56 patients (103). In the fi rst SRER ses-
sion, 50% of the BE was removed including the most 
suspicious area. Subsequent SRER sessions were per-
formed with an interval of 6 to 8 weeks until eradication 
of all Barrett’s mucosa and all neoplasia was achieved. 
Complete eradication of early neoplasia was achieved 
in all 56 treated patients (100%). Acute complications 
occurred in 4 of 165 (2%) endoscopic resection proce-
dures: 1 asymptomatic perforation and 3 delayed bleed-
ings. Stenosis occurred in 24 of 58 (41%) patients but 
this was effectively treated by endoscopic bougienage. 

 During a median follow-up of 24 months, only 1 
patient showed recurrence of HGIN: after a 17-month 
follow-up, a 2-mm island of Barrett’s mucosa with 
HGIN was detected and then resected endoscopically. 
From these data we can conclude that SRER is safe and 



444 V • THERAPY

effective for eradication of early Barrett’s neoplasia. Re-
currence of neoplasia is rare (2%) and can be retreated 
endoscopically. 

 A limitation is that SRER is technically demand-
ing. Judgement of whether the resection has extended 

deep enough into the hiatal hernia may be diffi cult. It 
requires experience to adequately resect the target area 
in a piecemeal resection and to avoid leaving residual 
Barrett’s mucosa between the resection wounds that 
may require the use of APC. Furthermore, with every 

FIGURE 56.5 

Stepwise radical endoscopic resection. A: A 2-cm Barrett’s segment with a 25-mm type 0-IIa-IIc lesion at the 11–3 o’clock 
position, biopsies from the area showed carcinoma. B: In retrograde position, the lesion is visible at the 3–7 o’clock position. 
C: Situation after diagnostic piecemeal resection (3 pieces); argon plasma coagulation was used for small residual Barrett’s isles 
and a hemoclip was necessary for hemostasis. D: As C, view in retrograde position. E: Histopathologic image of the ER speci-
men (H&E staining) showing a mucosal cancer and part of the squamocolumnar junction (left-hand side). The lesion infiltrates 
through the first layer of the muscularis mucosae (*), but not through the second muscularis mucosae layer (**). A submucosal 
periesophageal gland is clearly visible (##). F: Second endoscopic resection performed after 8 weeks for removal of the remain-
der of the Barrett’s segment. G: Situation after 6 months’ follow-up: the distal esophagus is completely lined with neosquamous 
epithelium. H: As in G, after lugol staining. I: As in G, retrograde view. Reproduced with permission of http://www.barrett.nl.
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endoscopic resection, fi brous tissue is induced, making 
subsequent submucosal lifting and resections more dif-
fi cult. It is therefore important that the fi rst endoscopic 
resection is targeted to the area in the Barrett’s segment 
with the highest grade of neoplasia. The development of 
scar tissue is, unfortunately, also the cause of the most 
signifi cant late complication encountered with this treat-
ment protocol: the development of symptomatic stenosis 
in up to 41% of patients, a rate comparable to that of 
sodium porfi mer PDT. 

 In summary, SRER is safe and effective for the treat-
ment of selected patients with early neoplasia in Barrett’s 
esophagus. Compared to most endoscopic ablation mo-
dalities, SRER appears to achieve a higher rate of eradi-
cation of neoplasia and of Barrett’s mucosa. In addition, 
SRER may give fewer recurrences during follow-up, 
since all the mucosa at risk is effectively removed  with  
histologic correlation. A signifi cant number of patients, 
however, develop a symptomatic stenosis after SRER 
and the procedure is technically complicated. 

 RADIOFREQUENCY ABLATION 

 The newest ablation technique used for complete abla-
tion in Barrett’s esophagus is stepwise circumferential 
and focal ablation using the HALO system (Figure 56.6). 
This techniques uses radiofrequency energy generated 
by a special RF generator and applied to the tissue by 
a balloon-based electrode (HALO 360 ) that contains mul-
tiple tightly spaced bipolar electrodes that alternate in 
polarity (BARRx, Sunnyvale, CA, USA). The electrode 
is 3 cm in length, and a variety of different diameters is 
available (22–34 mm). The total energy (J) delivered to 
the tissue is controlled by the generator and determines 
the depth of injury. The energy is adjusted to the bal-
loon diameter, thereby delivering a standardized energy 
density (J/cm 2 ) to the tissue. The energy amount can be 
selected and is delivered in less than 1 second at 300 W 
(104). In an experimental study, energy densities of 8–20 
J/cm 2  resulted in complete epithelial ablation without 
inducing esophageal stenosis (104). 

 The device has fi rst been tested in a large U.S. mul-
ticenter trial for ablation of intestinal metaplasia (AIM-
study) (105). In the study, 102 patients with a BE of 
a length of 2–6 cm were treated at 10 J/cm 2  delivered 
twice in 1 session (105). Complete remission for Barrett’s 
esophagus was achieved in 70% of patients after 2 treat-
ment sessions using the balloon-based HALO360 sys-
tem. There were no severe complications, the procedures 
were well tolerated, and none of the patients developed 
an esophageal stenosis. The residual Barrett’s mucosa 
was typically in the form of small, visible islands. A focal 
ablation device was subsequently used for targeted abla-
tion of islands of Barrett’s mucosa that remained after 
the HALO360 treatment. This HALO 90  system consists 

of a cap-based device that is mounted on the distal tip 
of an endoscope. The device has a 20 mm x 15 mm ar-
ticulated platform on its upper surface with an electrode 
array identical to that of HALO 360 . After treatment with 
the HALO90, 98% of patients in the AIM-study had 
complete endoscopic and histologic removal of all in-
testinal metaplasia. In addition, no buried Barrett’s was 
observed in all biopsies obtained from the neosquamous 
mucosa during follow-up. 

 The Amsterdam group has performed 2 cohort 
studies in which RFA was used to treat fl at HGIN 
(n = 10) or residual LGIN/HGIN after endoscopic re-
section of HGIN/EAC (n = 13) (31,106). Patients were 
treated with stepwise circumferential and focal ablation 
using the HALO360 and the HALO90 system, respec-
tively. In all patients complete eradication of neoplasia 
was achieved; 2 patients required an endoscopic resec-
tion for residual Barrett’s mucosa with LGIN/HGIN 
after the ablation. Complete endoscopic and histologic 
eradication of BE was achieved in all patients. No bur-
ied Barrett’s was detected in over 850 biopsies from the 
neosquamous epithelium obtained during follow-up en-
doscopies, and none of the patients developed an abla-
tion-related stenosis. 

 Summarizing, stepwise circumferential and focal 
ablation using the HALO system appears to be an ef-
fective treatment modality for fl at HGIN, LGIN, and 
complete Barrett’s eradication. No ablation-related ste-
noses have been described over 200 patients treated, and 
no buried Barrett’s has been detected in, overall, more 
than 5,000 biopsies. This suggests that this ablation 
technique is the fi rst to fi nd the right trade-off between 
effectiveness on one hand (causing complete removal of 
all Barrett’s with no buried Barrett’s) and the avoidance 
of damage to the deeper layers causing complications, 
such as stenosis. Long-term follow-up results are eagerly 
awaited and large multicenter randomized trials are cur-
rently being conducted in the United States and Europe. 

 CLINICAL RESULTS OF ENDOSCOPIC 
 RESECTION COMBINED WITH ABLATION 

 As mentioned earlier, endoscopic ablation is mainly used 
as an adjunct to endoscopic resection. Focal lesions are 
fi rst endoscopically resected, followed by ablation of the 
residual Barrett’s segment with an endoscopic ablation 
modality for treatment of any residual fl at neoplasia 
and to prevent recurrences by eradicating all Barrett’s 
epithelium. Only a small number of series reporting the 
success of such combined treatment protocols have been 
published. 

 The short-term success rates for complete elimina-
tion of all neoplasia after PDT are high, ranging from 
83% to 98% (66,107–109), but complete eradication 
of all Barrett’s mucosa is rarely achieved, as could be 



FIGURE 56.6 

Radiofrequency ablation. A: Pretreatment image of a Barrett’s segment. B and C: the esophageal diameter is measured at 1-cm 
intervals with a sizing balloon placed over a guidewire. D: Introduction of the RFA balloon catheter with the appropriate diam-
eter over the guidewire. E: The inflated RFA balloon positioned 1 cm above the top of the Barrett’s segment. F: The RFA balloon 
repositioned for ablation of the second zone after ablation of the first zone with an overlap of 1 cm with the first ablation zone. 
G: Image of the treated Barrett’s segment immediately after the RFA ablation with visible necrosis of the superficial mucosa. 
H: Image of the healed distal esophagus 3 months after RFA treatment with regeneration with neosquamous mucosa and 
3 small isles with residual Barrett’s mucosa. I: Introduction of the endoscope with the HALO90. cap for focal ablation placed at 
the tip. J: Ablation of the third isle of Barrett’s mucosa. The necrosis caused by ablation of the first 2 isles visible. K: Image of the 
distal esophagus immediately after ablation of the 3 residual isles of Barrett’s mucosa. L: Image of the healed distal esophagus, 
showing complete regeneration with neosquamous mucosa. Reproduced with permission of http://www.barrett.nl.
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expected from results that are achieved with the use of 
ablation modalities as monotherapy (see above). In ad-
dition, the known drawbacks of ablative treatment (e.g., 
buried Barrett’s, stenosis) also hold for the combination 
treatment of ER and ablation. The development of new 
or recurrent lesions during follow-up is, therefore, still 
seen in a considerable number of patients (0%–39%) 
(66,107–109). The goal of treatment of neoplasia and 
prevention of recurrences through the combined treat-
ment with endoscopic resection and ablation (PDT) is 
thus only partly reached. 

 The success rate for complete eradication of neo-
plasia, as welll as removal of all Barrett’s mucosa after 
combined treatment with ER and HALO ablation, are 
excellent (31,106). An advantage of HALO ablation is 
the possibility to use ER as “an escape treatment” after 
ablation, since it does not results in signifi cant scarring 
of the esophageal wall. 

 POSTENDOSCOPIC TREATMENT 
ACID-SUPPRESSION THERAPY 

 Injury to the Barrett’s epithelium followed by healing in 
an acid-controlled environment reverses the Barrett’s epi-
thelium into squamous epithelium (110–113). Therefore, 
all endoscopic treatment sessions in Barrett’s esophagus 
should be accompanied by strong acid- suppressant ther-
apy. There is no consensus on the type and duration of 
the acid-suppressant therapy. We treat all our patients 

with ranitidine 300 mg at bedtime and sucralfate 1 g four 
times a day for 2 weeks after treatment, added to the 
maintenance dosage of esomeprazole 40 mg twice a day. 

 FUTURE PROSPECTS IN ENDOSCOPIC 
TREATMENT 

 It is now believed that the complete Barrett’s segment 
should be eradicated to achieve long-term remission in 
patients with early Barrett’s neoplasia. Developments in 
endoscopic resection techniques are, therefore, focused 
on easier and faster techniques for resection of large 
areas and techniques that allow safe en bloc resection of 
lesions larger than 2 cm in diameter. The ligate-and-cut 
technique using the multiband mucosectomy kit may be 
such an easy and fast technique for resection of large 
areas of fl at mucosa. Endoscopic resection of complete 
Barrett’s segments is, however, accompanied with a high 
percentage of symptomatic esophageal stenosis. Meth-
ods to prevent the development of esophageal stenosis 
would be of great value, and more research should be 
performed in this area. 

 A promising new development is the ablation of 
Barrett’s mucosa using the HALO system. The fi rst results 
that are achieved with this technique show a high effi cacy 
in eradicating HGIN, LGIN, and (non dysplastic) Barrett’s 
mucosa, without the threats of buried Barrett’s mucosa or 
esophageal stenosis. Long-term results will have to prove 
whether this technique is all it promises to be. 
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57 Endoscopic Therapy for 
Superfi cial Cancer 

 Sarah A. Rodriguez 

he management of high-grade dys-
plasia (HGD) in Barrett’s esopha-
gus has long been a controversial 
area. The traditional approach and 
still-accepted standard of care for 

HGD is esophagectomy. This is based on surgical lit-
erature showing that the rate of unsuspected cancer in 
esophagectomy specimens of patients only thought to 
have HGD preoperatively is as high as 30% to 40% 
(1–3). Additionally, patients with HGD have a high rate 
of progression to cancer; a study of 15 patients with 
unifocal HGD who were followed for 37 months found 
that 53% of patients progressed to cancer or multifocal 
HGD (4). Notably, 47% of patients regressed to either 
no dysplasia or low-grade dysplasia. Although the natu-
ral history of HGD is not entirely clear and progression 
is not inevitable, patients with HGD are at substantial 
risk for the development of cancer (5). Treatment is gen-
erally recommended for HGD, although some authors 
advocate intensive, frequent endoscopic surveillance 
with treatment only if cancer develops (6). Esophageal 
cancer is a highly lethal malignancy with a poor 5-year 
survival rate, in part due to the usually advanced stage 
at time of diagnosis (7). When cancer is detected early, 
however, therapy can often be curative. 

 Currently, options for management of HGD include 
intensive surveillance with defi nitive therapy if cancer is 
detected, endoscopic therapy, or esophagectomy. For 

patients with early cancer (EC), defi ned as carcinoma 
limited to the mucosal layer of the esophagus, continued 
surveillance alone is not recommended. 

 Esophagectomy is the only treatment that clearly 
ensures complete removal of all dysplastic Barrett’s mu-
cosa, although recurrent BE has been reported after sub-
total esophagectomy (8). However, esophagectomy is 
associated with mortality rates of 3% to 5% and mor-
bidity rates of 20% to 50%, even in experienced hands 
(9,10). Additionally, many patients with HGD and EC 
have multiple medical comorbidities that make them less 
than ideal candidates for surgery. Endoscopic therapy 
has been developed as an esophagus-sparing method of 
treatment for patients with HGD or EC who are felt to 
be at low risk for lymph node metastases based on pre-
treatment staging. The goals of endoscopic therapy are 
to provide defi nitive treatment for patients with low-risk 
 lesions while avoiding the short- and long-term morbid-
ity of esophagectomy. Despite a lack of long-term effi cacy 
data on endoscopic therapies, it appears that many gas-
troenterologists are already offering it to patients (11). 

 Endoscopic therapy is based on the principle that 
if neoplastic Barrett’s mucosa is ablated and the area is 
allowed to heal in a non-acidic environment, the new 
esophageal lining may be normal squamous epithelium 
(12). The available endoscopic therapies that will be 
discussed in this chapter include endoscopic mucosal 
 resection (EMR) and various mucosal ablative therapies 

 T
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including photodynamic therapy, balloon-based radio-
frequency ablation, argon plasma coagulation (APC), 
and laser treatment. 

 PATIENT SELECTION 

 Accurate endoscopic evaluation and staging is essen-
tial in order to choose patients who are appropriate 
candidates for endoscopic therapy. All patients should 
undergo diagnostic upper endoscopy with extensive bi-
opsies; some authors advocate the use of enhanced en-
doscopic imaging including narrow band imaging and 
chromoendoscopy to adequately detect all foci of dys-
plasia (13). In general, visible lesions must be less than 
20 mm in diameter in order to be resected en bloc, which 
allows for adequate assessment of margins. Addition-
ally, cancers should be limited to the mucosa because 
of the risk of lymph node metastases with tumors that 
invade more deeply into the submucosa. For staging 
purposes, the mucosal layer and submucosal layer have 
been subdivided into thirds with each third going deeper 
into the esophageal wall, such that T1 tumors now have 
6 different layers of invasion: T1m 1 –m 3  (m 1  = limited to 
the epithelial layer, m 2  = invades lamina propria, m 3  = 
invades into but not through muscularis mucosae) and 
T1sm 1 –sm 3  (different thirds of the submucosa). The risk 
of lymphatic spread in patients with tumors limited to 
the mucosa (pathologic stage T1a) appears to be very 
low. In a series of patients with T1 adenocarcinoma who 
underwent esophagectomy and regional lymphadenec-
tomy, none of 38 with pT1a disease had lymph node 
involvement (14). In contrast, 10/56 (17.9%) of patients 
with tumors invading the submucosa (T1b) had lymph 
node metastases. Another study of 77 patients found that 
zero of 20 patients with tumors limited to the mucosa or 
the fi rst third of the submucosal layer (pTm 1–3  or pTsm 1 ) 
had lymph node metastases, while 23% of patients with 
pTsm 2  tumors and 69% of patients with pTsm 3  tumors 
had lymph node involvement (15). In studies of early 
squamous cell cancers, the risk of nodal metastases with 
stage T1m 3  cancer was 6% to 8% (16,17). Finally, re-
currence rates for cancers limited to the mucosa are sig-
nifi cantly less than for those invading the submucosa. 
A study of patients who had undergone esophagectomy 
found that 1 out of 79 (1.2%) patients with cancer lim-
ited to the mucosa or fi rst layer of the submucosa had a 
local recurrence at 5 years, versus 8 out of 41 (19.5%) 
patients with invasion into the second and third layers of 
the submucosa (18). Therefore, patients whose cancers 
are found to invade the submucosa on fi nal pathologic 
analysis should be considered for curative surgery. 

 Modalities for staging include cross-sectional imag-
ing (primarily CT scan) and endoscopic ultrasound (EUS). 
EUS provides the most accurate local staging for tumor 

depth (T-stage) and regional lymph node metastases 
(N-stage), with T-stage accuracy rates of 85% overall and 
81% for locoregional lymph nodes (19–21). The T-stage 
accuracy may be less for superfi cial cancers. One earlier 
study suggested that EUS was insensitive for evaluation 
of invasion into the submucosa (22). In a larger series, 
EUS correctly predicted T-stage in only 55% of patients 
overall, in only 29% of patients with T1 cancers, and in 
42% of patients with T2 lesions (23). N-stage was also 
misdiagnosed in 25% of patients, with 41% of patients 
with N1 disease classifi ed as N0. However, this study 
included data from as far back as 1987, when endosono-
graphic equipment did not have the same resolution as 
current instruments. A more recent study of 42 patients 
who were staged with EUS and subsequently underwent 
esophagectomy found that EUS was 76% accurate for 
T-stage and 89% accurate for N-stage (24). In this study, 
there were no signifi cant differences between different 
T-stages and overall accuracy. The error in 4 early stage 
tumors in this study was overstaging rather than under-
staging. The addition of fi ne-needle aspiration biopsies 
of suspicious lymph nodes may increase the accuracy of 
EUS for N-staging compared to endosonographic char-
acteristics alone (25–27). 

 Despite the above limitations, EUS remains the 
most accurate modality for locoregional staging. It is 
important to note that EUS, like any imaging technique, 
is operator-dependent. Staging of esophageal cancer is 
discussed in more detail in chapters 21–25. 

 Because EUS may not be suffi ciently reliable to ex-
clude submucosal invasion in ECs, removal of the lesion 
via EMR can also be a useful adjunct for staging purposes. 
During the staging evaluation, if a lesion is found to be 
limited to the mucosa by EUS, it can be often removed 
via EMR, which is discussed again later in the chapter. 
A pathologic analysis can then be done to assess for mar-
gin adequacy as well as depth of invasion. As mentioned 
above, there has been some importance attached to the dif-
ferent layers of the mucosa and submucosa (m 1–3 , sm 1–3 ) 
because of the risk of lymph node involvement with 
deeper invasion of the mucosa and submucosa. However, 
it can be diffi cult to distinguish between these different 
layers with EUS, even using high frequency probes (28), 
although use of a high-frequency 20 mHz ultrasound 
probe correctly identifi ed the depth of 25/26 superfi cial 
lesions in one study (29). By removing the entire lesion, 
pathologic analysis can help determine more precisely the 
level of invasion and guide subsequent therapy. This was 
shown in a study of 48 patients who underwent stag-
ing with EUS, followed by EMR of the lesion (30). EUS 
staged 85% of patients correctly, with 1 overstaged and 6 
understaged. The EMR specimen in the 6 patients felt to 
have mucosal invasion only by EUS showed submucosal 
invasion, which  potentially could have led to a change in 
management if those patients were surgical candidates. 



 57 • ENDOSCOPIC THERAPY FOR SUPERFICIAL CANCER 453

Additionally, pathologists have better agreement regard-
ing depth of invasion when evaluating EMR specimens 
compared to biopsy specimens, presumably due to hav-
ing a larger tissue specimen leading to better ability to 
identify anatomic landmarks (31). 

 In summary, patients with HGD or EC who are 
not surgical candidates or who wish to undergo endo-
scopic therapy as an alternative to surgery must be care-
fully selected in order to minimize the risk of recurrent 
or residual disease. Patients should be counseled that 
esophagectomy is still the current standard of care and 
that although favorable data exist for some endoscopic 
therapies, long-term data are lacking at this time. All 
patients considering endoscopic therapy should undergo 
EUS followed by EMR of visible lesions less than 
20 mm, with pathologic analysis dictating the subse-
quent therapy. If lesions are found to invade deeper than 
the mucosa, surgery should be recommended, providing 
the patient is a surgical candidate. Table 57.1 summa-
rizes factors that make patients appropriate for consid-
eration for endoscopic therapy. 

 ABLATIVE THERAPIES 

 Ablative therapies are methods of destroying the epithe-
lial or mucosal layer of the esophagus. The therapy is 
applied in the region of the abnormal Barrett’s epithe-
lium, which is then replaced by normal “neosquamous” 
lining when healing occurs, especially if healing occurs 
in a non-acidic environment. There are several different 
ablative therapies, including APC, laser therapy, multi-
polar electric coagulation, and newer modalities such 
as photodynamic therapy and balloon-based radiofre-
quency ablation. 

 After ablation therapy, studies have generally 
used proton-pump inhibitor therapy to allow heal-
ing to occur in a non-acid environment. The amount 
and duration of acid-inhibition necessary has not been 
defi ned. 

 Photodynamic Therapy 

 Photodynamic therapy (PDT) is a nonthermal ablative 
technique that involves administering a photosensitiz-
ing agent either orally or intravenously. This agent is 
absorbed by all tissues but is selectively concentrated 
into neoplastic tissues such as Barrett’s esophagus (32). 
Stimulation by light of a certain wavelength activates 
the photosensitizer, causing formation of singlet oxy-
gen molecules and mediating cell death. Figure 57.1 
displays the catheters used in PDT. Forty-eight hours 
after administration of the photosensitizer, the drug 
reaches maximal tissue concentration and red light is 
applied by a laser in the region of the Barrett’s, usu-
ally at a wavelength of 630 nm, causing destruction of 
the mucosa. The only photosensitizer with current FDA 
approval in the United States is porfi mer sodium (Pho-
tofrin, Lederle Parenterals), which is administered in-
travenously. Another photosensitizer used in Europe is 
5-aminolevulinic acid (5-ALA, Levulan kerastick). This 
agent is given orally and appears to concentrate more 
superfi cially in the Barrett’s mucosa, unlike porfi mer 
which accumulates in the submucosa as well. 5-ALA 
may result in a shallower injury to the esophagus and 
therefore fewer potentially complications, but a deeper 
injury may be desired in order to ablate all the Barrett’s 
glands. There are no trials comparing the 2 agents, and 
there have been no randomized trials of 5-ALA in Bar-
rett’s with HGD.  

TABLE 57.1
Patient Factors to Consider When Offering 

 Endoscopic Therapy

•  HGD only

•  Early cancer limited to the mucosa; no submucosal 
invasion

•  Visible lesions are less than 20 mm in diameter

•  Tumor histology is moderately to well differentiated 
rather than poorly differentiated

•  EUS shows no lymph node involvement

•  CT scan shows no distant metastases

•  Patient desires endoscopic therapy rather than 
 surgery and is willing to be compliant with follow-up 
endoscopy

FIGURE 57.1

Catheters used in photodynamic therapy.
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 Outcomes in HGD and EC 

 PDT for treatment of Barrett’s esophagus with HGD 
and early carcinoma was fi rst reported in 1993 (33). 
A number of observational, nonrandomized studies have 
since reported HGD ablation rates ranging from 88% 
to 95% and elimination of superfi cial cancer in 72% in 
one study (34–36). A study of 103 patients, 65 of whom 
had HGD, reported long-term follow-up of 5 years. In 
the intention-to-treat analysis, eradication of HGD and 
EC was successful in 78% and 44.4%, respectively (37). 
Three patients (4.6%) developed adenocarcinoma un-
derneath the neosquamous lining; 2 of these patients de-
veloped cancer 5 years after treatment. In some of these 
patients, residual Barrett’s was treated with an Nd:YAG 
laser. One recent series included 6 patients with T1b 
(submucosal invasion) or limited T2 adenocarcinoma 
who were treated with PDT (38). The long-term results 
were not encouraging for these deeper cancers: 2 out of 
6 patients died from cancer at 24 and 46 months, tumor 
recurred in 2 out of 6 at 15 and 17 months, and 2 out 
of 6 had no evidence of tumor at 12 and 19 months 
 following treatment. 

 PDT using 5-aminolevulinic acid (5-ALA) has also 
been successful in observational studies of patients with 
HGD and EC. A study of 66 patients (n = 35 HGD and 
n = 31 EC) were treated; disease-free survival in the HGD 
group was 89% at 5 years and 68% in the EC group (39). 

 These observational studies suggest that PDT is a 
viable endoscopic option for treatment of HGD, but the 
risk of recurrence is a defi nite concern. For ECs, PDT 
alone may not be adequate treatment, in part because 
the lack of a surgical specimen makes it more diffi cult to 
determine if an EC is actually more invasive. It is impor-
tant to note that PDT has not been compared to surgery 
in a prospective fashion. It is, however, the only abla-
tive therapy with randomized trial data for treatment 
of HGD. There are 4 published randomized trials of 
PDT and Barrett’s, only one of which included patients 
with HGD. This multicenter, randomized trial of 208 
patients with HGD compared PDT plus omeprazole to 
omeprazole alone (40). The main outcome measure was 
complete ablation of HGD. In the PDT group, 77% had 
complete resolution of HGD versus 39% in the omepra-
zole arm at 18 months of follow-up,  P  < 0.0001. In the 
PDT group, 13% developed adenocarcinoma vs. 20% in 
the omeprazole arm,  P  < 0.006. 

 Although PDT has not been compared to surgery 
in a prospective fashion, a retrospective study did com-
pare these treatments in 199 patients with HGD and 
found similar 5-year survival (41). The mortality rate in 
PDT patients was 9% at 5 years versus 8.5% in surgical 
patients at 5 years, a nonsignifi cant difference. 

 A major concern with PDT, as with all mucosal abla-
tive therapies, is that islands of Barrett’s tissue will persist 

underneath the neosquamous lining after healing has oc-
curred, termed  buried glands . These have been observed 
with other types of ablative therapies and may be more 
common in those with more superfi cial injury and less 
uniform application, such as APC. Ban et al. studied bi-
opsy specimens on 33 patients who had undergone PDT 
for HGD and/or early adenocarcinoma and found buried 
glands in 17 (51%) as well as foci of HGD or cancer 
in 27% (42). These studies highlight the importance of 
repeat endoscopy with intensive surveillance biopsies fol-
lowing any ablative therapy. Patients must be counseled 
prior to endoscopic therapy that they will need to return 
for surveillance endoscopy. The optimal timing and dura-
tion of intensive surveillance following endoscopic ther-
apy has not been defi ned. 

 Apart from the possibility of incomplete eradica-
tion of dysplasia, there are a few important limitations 
to discuss with use of PDT. Acute complications include 
chest pain, odynophagia, nausea, and cutaneous pho-
tosensitivity. Patients must avoid sunlight for up to a 
month following treatment with porfi mer to avoid sun-
burn. Arrhythmias have also been reported during and 
after PDT (43,44). 

 The main long-term complication following PDT 
is stricture formation, which has been a serious con-
cern with this therapy. Strictures are reported in 30% 
to 40% of patients and usually present with solid food 
dysphagia within a few weeks of treatment. One study 
examined risk factors for stricture formation after PDT. 
This retrospective study evaluated 131 patients who had 
undergone PDT at a single institution. Thirty-fi ve (27%) 
patients developed strictures; risk factors included EMR 
prior to PDT and prior esophageal stricture; there was 
also an increased risk with increased numbers of PDT 
applications (45). The use of centering balloons for PDT 
delivery was not protective. Although most PDT-induced 
strictures are reported to be successfully treated by en-
doscopic therapy, these strictures may be more diffi cult 
to palliate than benign peptic strictures or rings. Patients 
in one series required an average of 4 dilations (44); 
 another series reported the need for “multiple” dila-
tions, use of intralesional steroid injections, and long du-
ration of treatment up to 104 weeks (34). Use of 5-ALA 
rather than porphyrin appears to cause less stricturing, 
presumably because of more shallow tissue injury with 
this agent. 5-ALA is not used in the United States. 

 In summary, PDT appears to be more effective at 
eliminating HGD than acid suppression alone, and re-
duces the risk of cancer (39). Overall, there is a recur-
rence rate of BE or dysplasia of about 20% at follow-up. 
Although this is the ablative therapy with the most com-
prehensive data (and thus far the best outcomes), major 
concerns still exist, including incomplete eradication of 
HGD; incomplete treatment of cancer; the presence of 
buried glands, which may make subsequent surveillance 
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diffi cult; lack of a surgical specimen; and a high rate of 
stricture formation. These are concerns with all ablative 
therapies. PDT has not been compared to surgery, and 
patients should be counseled that there is a risk of recur-
rence of dysplasia and cancer with any ablative therapy. 
However, many patients with HGD and EC are elderly 
and have comorbid illnesses, making them ineligible for 
surgery, and some patients with HGD may not wish to 
undergo the substantial risk associated with surgery in 
the absence of frank carcinoma. In this group of pa-
tients, PDT and other ablative therapies may be offered 
in those who want more therapy than continued surveil-
lance or in those who already have EC. Available data 
suggest that PDT alone may be inadequate treatment for 
EC. Combination therapy with EMR of visible lesions 
followed by ablative therapy may be considered in this 
case. This type of approach is discussed below. Addition-
ally, as more data become available on balloon-based ra-
diofrequency ablation, that therapy may supplant PDT 
as the ablative therapy of choice when surgery is not 
desired, because thus far it appears that stricture for-
mation and buried glands seem to occur less frequently 
with balloon-based radiofrequency ablation therapy 
than with PDT. 

 Balloon-Based Radiofrequency Ablation 

 Background 

 Some limitations of ablative therapies include nonuni-
form application as well as incomplete depth of tissue 
destruction. A new technology using a balloon specifi -
cally sized to the individual esophagus followed by ra-
diofrequency ablation has been designed to overcome 
these limitations. This procedure was fi rst described in a 
dosimetry and effi cacy phased study of porcine esopha-
gus followed by a small number of human patients with 
adenocarcinoma who had the treatment just prior to 
esophagectomy (46). After the appropriate energy den-
sity was determined, there were no strictures reported. 
A limited amount of data has since been published using 
this device in nondysplastic BE as well as HGD. 

 Technique 

 The device consists of a sizing balloon catheter, a set 
of ablation balloon catheters, and a high-power ra-
diofrequency generator. After the patient’s esophagus 
is measured with the sizing balloon, the appropriately 
sized ablation balloon is placed into the area of Barrett’s 
mucosa. The balloon has a wire port allowing it to be 
placed beside (rather than through) the endoscope for 
direct visualization during the procedure. The ablation 
balloon is placed into the proximal region of the Barrett’s 

esophagus, with the top end of the balloon  extending 
1 cm above the proximal extent of the Barrett’s mu-
cosa. High energy radiofrequency is applied via the 
generator. The radiofrequency ablation portion of the 
process takes less than 1 second. The balloon is then 
moved distally and the energy is again applied, creating 
a zone of overlap to ensure no areas are missed. This is 
repeated until the gastroesophageal junction is identifi ed 
by visualization of the gastric folds. The key features of 
this device compared to other ablative technologies such 
as APC are that it is designed to achieve a uniform abla-
tion depth and wide-fi eld, uniform treatment because of 
the specifi cally sized balloons. Figure 57.2 displays an 
endoscope-mounted RFA paddle that can be used to tar-
get islands of Barrett’s.  

 Effi cacy in HGD and EC 

 To date, limited data on the effi cacy of a balloon-based 
radiofrequency ablation system (HALO 360 , Barrx Medi-
cal, Inc., Sunnyvale, CA) for treatment of HGD have 
been accumulated. A dose-response and effi cacy study of 
this device with 1-year follow-up was recently published 
in patients with nondysplastic Barrett’s esophagus. This 
multicenter study involved 32 patients for the dosimetry 
phase and 70 patients for the effectiveness phase (47). 
At 1 year of follow-up, BE was completely eliminated in 
70% of patients, there were no strictures reported, and 
the procedure was well tolerated. Importantly, no buried 
glands were seen in 4,306 biopsy fragments  following 
treatment. 

 A smaller study using the HALO 360  system in pa-
tients with HGD was performed to determine the depth 
of tissue injury and the effi cacy of the device in HGD. 
Eight patients with HGD underwent treatment with 
the device immediately prior to esophagectomy, and 

FIGURE 57.2

An endoscope-mounted RFA paddle.
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the esophagectomy specimens were analyzed to deter-
mine maximal ablation depth and whether all HGD had 
been ablated (48). The maximal ablation depth was the 
muscularis mucosae, and complete ablation of intestinal 
metaplasia and HGD occurred in 9 out of 10 ablation 
zones (90%). One focus of HGD remained in an area of 
incomplete overlap. 

 A multicenter U.S. registry of patients with HGD 
who undergo treatment with the HALO 360  system has 
been established. The initial experience of these 9  centers 
was published in April 2007 in abstract form and in-
cluded 40 patients (49). Follow-up was available for 22 
patients, ranging from 3 to 15 months. No HGD was 
seen in 73% of patients on follow-up biopsies; 5 had 
HGD remaining; and 1 had an intramucosal adenocar-
cinoma 1 month post ablation. No strictures were noted 
and there were no serious adverse events. 

 These preliminary studies suggest that balloon-
based radiofrequency ablation may be an ideal ablative 
therapy. The depth of tissue destruction seems to be deep 
enough to eliminate Barrett’s mucosa but not so deep as 
to cause stricture formation. Figure 57.3 demonstrates 
a patient before (A), immediately after (B), and 6 weeks 
(C) following RFA balloon ablation. The low incidence 
of buried glands also seems promising. However, until 
data are available, especially with regard to effi cacy 
in HGD, it should only be used in a research setting. 
A randomized, multicenter, sham-controlled trial using 
this device in patients with LGD and HGD is currently 
underway in the United States and should provide more 
defi nitive evidence of the effi cacy and safety of this type 
of treatment.  

 Ablation with Argon Plasma Coagulation,
  Lasers, Multipolar Electrocoagulation, 

and Cryotherapy 

 The argon plasma coagulator is used for destruction of 
mucosa via thermal coagulation. Initially created for use 
in surgical procedures, it has now been used in a variety 
of GI tract conditions, including destruction of arteriove-
nous malformation and radiation proctitis. A monopolar 
current is applied to argon gas, which travels through 

a probe placed through an endoscope. The probe does 
not need to come into direct contact with the mucosa to 
provide tissue destruction. Because of widespread avail-
ability and relative ease of use, APC for the treatment of 
BE has been extensively reported, mainly in nondysplas-
tic Barrett’s mucosa. 

 Multiple trials have shown that it is feasible and 
safe to eradicate nondysplastic Barrett’s esophagus with 
APC, but recurrence following therapy is common. For 
example, a study with follow-up of 1 year showed that 
although 68% of patients with nondysplastic BE treated 
with APC had initial eradication of BE, only 32% of 
these had continued eradication at 1 year (50). There 
have been only small series published with use of APC 
in HGD or EC. One study of 10 patients (7 HGD, 3 EC) 
used APC and found that 1 patient had persistent HGD 
and 1 progressed to cancer at a mean of 24 months of 
follow-up (51). Another small series of 3 patients with 
EC limited to the mucosa found that 1 patient had recur-
rent cancer at 2 years. Although data are limited, these 
results suggest that APC is insuffi cient treatment for pa-
tients with HGD or EC. It might be useful as an ablative 
therapy following EMR, but this approach cannot be 
recommended as it has not been of proven benefi t. Use 
of APC is limited not only by a lack of data but also by 
diffi culty in obtaining uniform, wide fi eld application. 
Although APC is generally regarded as safe, reported 
complications occur in up to 24% of patients and in-
clude bleeding, chest pain, perforation, stricture forma-
tion, and pneumatosis. Additionally, buried glands have 
been reported in up to 40% of patients (52), presumably 
due to the shallow depth of tissue injury. For example, a 
study of 50 patients with nondysplastic BE who under-
went multiple treatments with APC found that 68% of 
patients had complete macroscopic ablation of BE at 1 
year (53). Nearly half (44%) of those patients with suc-
cessful macroscopic clearance of BE had buried glands. 

 The use of lasers in treatment of HGD and EC has 
been studied in a limited fashion; most studies are small 
and had only short-term follow-up. The KTP laser was 
used to treat 10 patients in one study: 4 patients had 
HGD; 4 had LGD; and 2 had no dysplasia (54). After 
a mean follow-up of 10.6 months, 20% of patients had 
residual BE but there was no dysplasia or cancer. An-
other study of 14 patients with either HGD or EC un-
derwent treatment with the Nd:YAG laser; this study 
found 22% had residual BE but no dysplasia or cancer 
at 12.8 months of follow-up (55). 

 Multipolar electrocoagulation causes thermal in-
jury to mucosa and is applied via a probe that is passed 
through the accessory channel of an endoscope. Heater 
probes or bipolar electrocautery probes may be used. 
This therapy has been studied mainly in nondysplastic 
BE. Overall, about 75% of Barrett’s mucosa was eradi-
cated in these studies, with residual BE in 0% to 27% 

FIGURE 57.3

A patient (A) before, (B) immediately after, and (C) 6 weeks 
following RFA-balloon ablation.
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at 4 to 36 months of follow-up (56–58). Several sessions 
are usually necessary to achieve endoscopic eradication 
of BE, and it can be diffi cult to cover all the surface area 
necessary due to the small size of the probe. This tech-
nique is not recommended for use in HGD or EC, as it 
has not been studied in this setting. 

 Cryoablation is a method of causing tissue destruc-
tion by application of liquid nitrogen through a catheter 
that is inserted through the accessory channel of an en-
doscope. A pilot study of 11 patients with BE, including 
5 with LGD and 1 with HGD, showed no dysplasia in 
any biopsy specimen post treatment at 1 and 6 months 
(59). Complications included esophageal ulcerations 
(n = 2), chest pain (n = 1), and solid food dysphagia 
(n = 1). Another study published in abstract form ex-
amined the results of cryoablation in patients with 
LGD (n = 5), HGD (n = 3), adenocarcinoma (n = 1), 
and squamous cell cancer (n = 1) (60). No dysplasia was 
found in the majority of patients at a mean follow-up 
of 16.3 months; the patient with squamous cell cancer, 
which was a T2 lesion, has LGD remaining. Although 
these preliminary results are encouraging, cryoablation 
remains an untested strategy in the treatment of HGD 
and EC. A potential problem similar to that seen with 
APC is nonuniform application, as this is a handheld 
catheter and control of the application rests with the 
endoscopist. 

 In summary, the limited available data suggest that 
APC and laser therapy are insuffi cient treatments for HGD 
and EC. There is insuffi cient evidence to recommend the 
use of cryoablation until further data are published. 

 ENDOSCOPIC MUCOSAL RESECTION 

 The concept of using EMR to remove superfi cial can-
cers originated in Japan, where ECs are more commonly 
found due to screening programs for early gastric cancer. 
Instead of using ablation techniques, EMR excises neo-
plastic tissue endoscopically. As discussed previously, 
EMR can be used as a staging tool. The entire lesion 
can be submitted for pathologic analysis to determine 
the depth of invasion of an EC. If the lesion is found 
to be limited to the mucosa, with no submucosal inva-
sion, EMR is potentially curative, providing there is no 
evidence of lymph node involvement on staging EUS. 
Therefore, EMR can be used as both a diagnostic tool 
as well as a therapeutic option. The ability to provide a 
surgical specimen for pathologic analysis is one of the 
main advantages of EMR over ablative therapies. 

 EMR can be accomplished by 2 different methods: 
the cap and snare technique and the variceal ligation 
 device with snare. These are described in detail in chap-
ter 56. The 2 methods were found to be similarly effi ca-
cious in a randomized trial (61). 

 Outcomes in HGD and Superfi cial Cancer 

 Several prospective observational studies have been pub-
lished on outcomes in HGD and EC after EMR. A pro-
spective, nonrandomized study of 64 patients with HGD 
(n = 3) or EC (n = 61, limited to T1 lesions) studied the 
effi cacy and safety of EMR (62); 120 resections were 
performed, and patients were followed for a mean of 
12 months. Patients were separated into a low-risk group 
(n = 35) for HGD or cancer limited to the mucosa and 
lesion < 2 cm, and a high-risk group (n = 29) for lesion 
> 2 cm, invasion into submucosa, or poorly differenti-
ated histology. In the low-risk group 97% of patients 
had a complete local remission (no HGD or cancer) at 
12 months, although 6 patients required repeat EMR 
during the 12 months for recurrent or metachronous 
cancer. In the high-risk group, 59% of patients achieved 
complete local remission at 12 months, and during 
 follow-up, recurrent or metachronous cancers were 
found in 14% of patients. 

 A follow-up to this study was recently published by 
the same authors. In addition to the original 35 patients 
in the low-risk group previously published, 65 more pa-
tients with HGD or low-risk early adenocarcinoma un-
derwent treatment with EMR and were followed for a 
mean of 37 months (63); 99% of the patients achieved 
complete local remission initially. During follow-up, 
metachronous lesions (HGD or EC) were found in 11 
patients (11%), all of whom had repeat local therapy 
successfully. The calculated 5-year survival rate was 
98%. Nearly half of the patients underwent some form 
of ablative therapy of the nondysplastic remaining Bar-
rett’s at the endoscopist’s discretion. 

 Another study of 70 patients with HGD or EC who 
underwent EMR demonstrated a local remission rate of 
98%, but recurrent metachronous lesions were found in 
30% at 34 months of follow-up (64). 

 EMR of a visible lesion removes the dysplastic tis-
sue, and margin adequacy can be assessed. However, 
this method leaves the remaining Barrett’s esophagus 
behind, with the potential for recurrent dysplasia or 
cancer. Therefore, removal of the entire fi eld of Barrett’s 
with multiple EMRs (mucosectomy) has been attempted 
to minimize this problem. Complete, circumferential re-
moval of all Barrett’s esophagus with EC by EMR was 
fi rst described in a case report in 2003 (65), followed by 
a case series of 12 patients with multifocal HGD, with 
EC with visible lesions, or with early stage malignant 
changes in fl at mucosa who underwent circumferen-
tial EMR over a median 2.5 sessions (66). The median 
length of Barrett’s removed was 5 cm. At 9 months, no 
patients had recurrence of BE or malignancy on sur-
veillance biopsy. Two patients (20%) developed stric-
tures that were successfully managed with endoscopic 
dilation. 
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 A larger study with longer follow-up of 41 patients 
with HGD, some of whom had early adenocarcinoma 
(n = 23), found similar initial results with circumferen-
tial EMR. All patients underwent EMR of visible lesions 
followed by EMR of the remaining Barrett’s (67). At a 
mean follow-up of 31.6 months, there was no remain-
ing Barrett’s in 76% of patients. However, recurrent BE 
was found in 24% and recurrent or metachronous EC 
was found in 5 (12.2%) patients. Table 57.2 summarizes 
outcomes in EMR for HGD and EC. 

 Complications of EMR include stricture formation, 
bleeding, and perforation. Rates of stricture formation 
may be higher in patients in whom circumferential EMR 
is performed in an attempt to remove all the Barrett’s. 
A retrospective study of 137 patients who underwent 
EMR found that risk factors for stricture formation 
 included removal of greater than 75% circumference 
of the mucosa as well as removal of greater than 3 cm of 
length (68). However, the previously mentioned study of 
41 patients with HGD or EC who underwent circumfer-
ential EMR reported stricture formation in only one of 
41 patients (2.4%) (66). Another study reported stric-
tures in 2 out of 12 (17%) patients after circumferential 
EMR (65). EMR preceding the use of PDT was found to 
be an independent risk factor for subsequent strictures 
in one retrospective study (44). 

 The major complications of EMR include bleeding 
and perforation. Bleeding is usually reported as an im-
mediate complication and can generally be dealt with by 
usual endoscopic methods. Perforation is a more serious 
complication but it appears that the risk is low with use 
of the variceal ligation device. 

 In summary, EMR has been increasingly used as a 
diagnostic and therapeutic tool. Studies of EMR mono-
therapy have reported recurrent neoplasia in up to 20% 
of patients (69) because the remaining fi eld of neoplastic 
mucosa at risk remains intact. Because of this limitation, 

many endoscopists now use EMR to remove visible le-
sions and either completion EMR of the remaining Bar-
rett’s or an ablative therapy. 

 COMBINED THERAPY 

 Circumferential EMR is used to remove visible lesions 
and to remove the remainder of the mucosa at risk 
for dysplasia. In patients with long segment Barrett’s 
esophagus, complete removal via EMR is not feasible. 
Combination therapy with EMR and ablation therapy 
to treat the remainder of the Barrett’s mucosa has been 
studied in nonrandomized trials. A single center study of 
28 patients who underwent EMR of visible lesions (HGD 
or EC) followed by observation only (n = 5) or abla-
tive therapy with PDT using 5-ALA or APC found that 
local remission was obtained in 26 out of 28 patients at 
4.5 months of therapy (70). During median follow-up of 
19 months, 19% of patients treated with EMR/PDT had 
recurrent HGD, and 7 were found to have buried glands. 
This approach was also compared to surgical outcomes 
in a retrospective study of 24 patients with EC treated 
with EMR/PDT versus 64 patients treated with esopha-
gectomy (71). Of patients in the EMR group, 83% were 
cancer free at 12 months versus 100% of patients in the 
surgery group at 19 months. Major complications were 
signifi cantly higher in the surgery group. 

 TREATMENT OF BARRETT’S ESOPHAGUS 
WITH NO DYSPLASIA OR WITH LOW-GRADE 

DYSPLASIA 

 The risk of adenocarcinoma development in patients 
with BE is 0.5% per year (72). There is currently little 
evidence that nondysplastic BE or BE with LGD should 

TABLE 57.2
Selected Studies of Efficacy of EMR for HGD and EC

Type HGD (n) EC (n) Eradication
Recurrent 

cancer
Follow-Up 
(months)

EMR (63)a 0 100 99% 11% 37

Circ. EMR (67) 18 23 76% 12.2% 32

Circ. EMR (66) 3 9 100% 0% 9

EMR (70) 28 pts HGD or EC 96.5% 0% (19.2%HGD) 19

EMR+PDT (71) 0 24 16.6% 12

Abbreviations: EMR = endoscopic mucosal resection; Circ. EMR = circumferential EMR of entire Barrett’s; HGD = high grade dysplasia; 
EC = early adenocarcinoma.
a Some patients in this study received PDT or APC at the endoscopist’s discretion.
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be treated because the risk of malignant transformation 
is suffi ciently low enough to outweigh the potential ben-
efi t of treatment. 

SUMMARY 

The goal of endoscopic therapy for HGD or EC is to 
provide defi nitive therapy while sparing the esophagus 
and avoiding the morbidity of esophagectomy. Patients 
with HGD and EC should be counseled that esophagec-
tomy remains the current standard of care and is the only 
treatment that defi nitively removes all neoplastic esoph-
ageal tissue. However, for patients with only HGD or 
EC, endoscopic therapy may be offered as a reasonable 
esophagus-sparing treatment in carefully selected, willing 
patients or in patients who are poor surgical candidates, 
although it must be emphasized that it is not known at 
this time whether long-term outcomes will be compara-
ble to surgical outcomes. Accurate pretreatment staging 
is crucial to avoid endoscopic treatment in patients who 
have a higher risk of lymph node involvement. A com-
plete staging evaluation should include EUS followed by 
EMR of visible lesions, with pathologic analysis guiding 
the subsequent approach. Although randomized trials 
comparing various endoscopic treatments to each other 
(and to surgery) are lacking, the best approach may ul-
timately prove to be EMR of visible lesions followed by 
either completion EMR of the remaining Barrett’s esoph-
agus, an ablative therapy, or continued surveillance, 
providing the remaining Barrett’s is not dysplastic. The 

optimal ablative therapy, one which provides adequate 
depth of treatment with low rates of stricture forma-
tion, has not yet been developed, although early data on 
balloon-based radiofrequency ablation are promising. 
Table 57.3 summarizes the advantages and disadvan-
tages of the various ablative therapies. 

 After endoscopic treatment for HGD or EC, patients 
must be willing to return for surveillance endoscopy on 
a regular basis. The optimal protocol for surveillance 
after endoscopic therapy has not been defi ned, although 
many endoscopists perform EGD with intensive surveil-
lance biopsies every 3 months following treatment, at 
least in the short term. Other unanswered questions in-
clude long-term effi cacy, outcomes compared to surgery, 
the best method of endoscopic treatment, the required 
duration of acid inhibition, and the optimal endpoint 
of therapy. 

 In summary, endoscopic therapy appears to be safe 
and effi cacious for treatment of HGD and EC, at least in 
the short term, and spares patients the substantial mor-
bidity and mortality of esophagectomy. There is no study 
comparing the endoscopic therapies to each other or to 
surgery for HGD or EC. Long-term follow-up data on 
recurrence rates after endoscopic treatment are mostly 
limited to 3 years or less at this time, although some long-
term data are available for PDT (37). As newer methods 
continue to be developed and further data are accumu-
lated, endoscopic therapy may move to the forefront of 
treatment of HGD and EC, provided that recurrence 
rates are acceptably low. Randomized trials are needed 
to determine the best approach to these patients. 

TABLE 57.3
Comparison of Endoscopic Therapies

Therapy Advantages Disadvantages
Approximate recurrence 
rate (dysplasia/cancer)

PDT One to few sessions required, uni-
form application with centering 
 balloon, treat wide field.

Stricture formation in 
30–40%. Photosensitivity. Buried 
glands. Not widely available.

0–20%

EMR Removes lesion for staging and may 
be curative. Often only one or two 
sessions needed.

Advanced endoscopic skill needed. 
Strictures reported with circumferen-
tial use. EMR of lesion only leaves 
behind field of BE at risk.

0–16.6%

Laser, APC Widely available, easy to use, most 
endoscopists familiar with technique, 
treat wide field.

Shallow burn with APC leading to 
buried glands in many, nonuniform 
application (“point and shoot”), not 
much data in HGD or EC.

20–68% (residual BE)

Balloon RFA Uniform, wide field  ablation. No stric-
tures or buried glands reported yet. 
Ease of use.

Very limited data available; essentially 
no outcomes in HGD or EC to date.

?
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sophageal cancer is the eighth most 
common cancer in the world and the 
sixth leading cause of cancer deaths 
worldwide (1). In 2007, 15,560 new 
cases of esophageal cancer were 

diag nosed and 13,940 patients died of esophageal cancer 
in the United States alone (2). Although the incidence of 
squamous cell carcinoma of the esophagus has declined 
in the past decades in the Western world, rates of adeno-
carcinoma of the distal esophagus and gastroesophageal 
junction have steadily risen. In the United States, the 
majority of patients present with adenocarcinoma (2–5). 
The cause of this increased incidence is unclear. Several 
postulates have been suggested, including the increased 
prevalence of gastroesophageal refl ux, the treatment of 
 Helicobacter pylori  and the increasing obesity epidemic 
(3,5–7). 

 Despite advances in treatment, the mortality asso-
ciated with esophageal cancer remains high, with overall 
survival rates between 15% and 25% (1,5). Poor out-
comes refl ect locoregionally advanced disease (T3–4N0–
1 or T1–2N1, stages IIB, III) and metastatic disease 
(M1) at initial presentation with over 50% of patients 
having metastatic disease at diagnosis. Among patients 
who undergo surgical resection, 7% to 16% have stage 
IIB (T1N1, T2N1) disease and 40% to 54% have stage 
III (T3N1, T4N0–1) disease (1,5). Surgery alone results in 
poor local control and long-term outcomes. Multimodality 

therapy combining surgery with chemotherapy and/or 
radiotherapy therapy attempts to improve outcomes in 
these patients. In this review, we will examine the merits 
of multimodality therapy for patients with locally ad-
vanced esophageal cancer. 

 SINGLE MODALITY TREATMENT 
FOR LOCALLY ADVANCED 

ESOPHAGEAL CANCER 

 Surgery Alone 

 Although surgical resection is widely regarded as the 
only chance for cure in early stage esophageal cancer, it 
is vastly inadequate for patients with locally advanced 
disease. Five-year survival rates with surgery alone have 
varied from 10% to 30% for those with stage IIB or stage 
III disease in contrast to 50% to 80% survival for stage 
I disease and 30% to 40% for stage IIA disease (8–13). 
Debate over the optimal surgical approach remains un-
resolved. The prevailing view (represented by transhia-
tal or conventional transthoracic esophagectomy) holds 
that the disease is systemic at the time of diagnosis and 
that extended or en bloc resection techniques add to the 
morbidity and possibly the mortality of the operation 
without a meaningful improvement in survival. Surgical 
practice infl uenced by this view limits nodal clearance to 

 E
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easily accessible periesophageal and perigastric nodes. 
Proponents of more radical resection strategies argue that 
en bloc or 3-fi eld dissections reduce or eliminate locore-
gional tumor burden thus improving local disease con-
trol and possibly enhancing survival (14,15). 

 The 2 surgical approaches were compared in a recent 
randomized trial by Hulscher et al. where 220 patients 
with adenocarcinoma of the esophagus or gastroesopha-
geal junction were randomly assigned to either a transhi-
atal resection or a transthoracic en bloc esophagectomy 
(16). Although the difference in overall and disease-free 
survival between the 2 arms of the study did not achieve 
statistical signifi cance, there appeared to be a trend fa-
voring improvement in survival following transthoracic 
esophagectomy (39% vs. 29%) (16). Regardless of how 
this controversy about surgical techniques is ultimately 
resolved, it is clear that surgical resection alone is not 
adequate for the treatment of locally advanced disease. 

 Radiotherapy Alone 

 Radiotherapy is ineffective as the sole treatment mo-
dality for esophageal cancer. Overall 5-year survival 
rates have been between 0% and 30% in most studies 
(1,17–21). Herskovic et al. reported on a randomized 
trial conducted by the Radiation Therapy Oncology 
Group (RTOG) where patients with squamous cell 
 cancer or adenocarcinoma of the thoracic esophagus 
were randomly assigned to 6,400 cGy of radiation alone 
or to concurrent fl uorouracil and cisplatin plus 5,000 
cGy of radiation (22). Median survival and 2-year sur-
vival in the radiotherapy arm was 8.9 months and 10% 
 respectively compared to 12.5 months and 33% in the 
combined modality arm. This study has effectively dis-
counted the benefi t of radiotherapy alone as defi nitive 
therapy for esophageal cancer (22). 

 Chemotherapy Alone 

 When treated with fl uorouracil, a taxane (paclitaxel or 
docetaxel), or irinotecan, 15% to 30% of patients have a 
better than 50% reduction in tumor mass. Cisplatin can 
also be used in combination with these agents (4,7,23–28). 
Both adenocarcinoma and squamous cell carcinomas of 
the esophagus respond to chemotherapy though squamous 
cell carcinomas are slightly more responsive. Chemother-
apy can palliate symptoms with responses lasting a few 
months, but survival rarely exceeds 1 year (4,7,23–28). 

 RATIONALE FOR NEOADJUVANT THERAPY 

 Surgery, radiotherapy, or chemotherapy alone, as dis-
cussed above, are poor primary treatment modalities for 

locally advanced esophageal cancer with treatment fail-
ures associated with local and/or distant progression of 
disease. The putative objective of neoadjuvant therapy is 
to improve overall and disease-free survival by enhancing 
locoregional disease control through tumor downstag-
ing; and by decreasing the probability of systemic failure 
through earlier treatment of micrometastatic disease. 
It also provides an in vivo test of the tumor behavior, 
since patients with a signifi cant response to neoadjuvant 
therapy often have improved survival indicating more 
favorable tumor biology. Various modalities have been 
employed prior to surgery including preoperative radio-
therapy, chemotherapy, or both. 

 Preoperative Radiotherapy Followed by Surgery 

 Radiotherapy was the fi rst modality given in a neoadju-
vant setting with the promise that using 2 modalities of 
local therapy may improve resectabilty and hence sur-
vival. Table 58.1 lists the results of 6 randomized trials 
that compared preoperative radiotherapy followed by 
surgical resection to surgery alone (29,17–19,30). The full 
radiation dose varies from 20 Gy to 53 Gy in these stud-
ies as does the temporal interval between last radiation 
dose and surgical resection (1–6 weeks) (29,17–19,30). 
In none of these trials was a survival benefi t conferred 
by preoperative radiation therapy. The Esophageal Can-
cer Collaborative Group reported a meta-analysis of 
5 of these trials (Fok et al. was excluded) using indi-
vidual updated data from 1,147 patients who had a me-
dian follow-up of 9 years. The results suggested a small 
absolute improvement in survival of 4% at 5 years. A 
second meta-analysis reported in Malthaner et al. using 
1-year survival data from all of these trials found no 
benefi t from preoperative radiotherapy compared to sur-
gery alone with a hazard ratio of 1.01 (95% confi dence 
interval [CI] 0.88–1.16) (31–34). Given that no single 
randomized trial demonstrated any benefi t to preopera-
tive radiotherapy and the confl icting results of the meta-
analyses, preoperative radiotherapy is not advocated as a 
treatment option for esophageal cancer.   

 Preoperative Chemotherapy Followed by Surgery 

 At least 10 randomized trials performed since 1980 
have compared preoperative chemotherapy with sur-
gery alone (Table 58.2). The following discussion will 
focus on the largest and most mature trials reported 
to date (35–37). The U.S. intergroup trial (INT113) 
compared the outcomes of 440 patients with either 
adenocarcinoma or squamous cell carcinoma of the 
esophagus, stages I to III, who were randomized to 
receive either 3 cycles of cisplatin and 5-fl uorouracil 
(5-FU) followed by surgery (213 patients) or surgery 



 58 • THERAPY FOR ADVANCED LOCOREGIONAL CANCER 465

alone (227 patients) (Table 58.2) (36). Patients random-
ized to preoperative chemotherapy followed by surgery 
received an additional 2 cycles of the same chemother-
apy postoperatively. The complete pathologic response 
rate was only 2.5% for those receiving at least 1 cycle 
of preoperative chemotherapy with no differences in the 
curative resection rate between the 2 trial arms. There 
was no signifi cant difference in either median or 2-year 
survival between the 2 arms of the study (14.9 months 
and 35% for chemotherapy and surgery [C+S] vs. 16.1 
months and 37% for surgery alone [S],  P  = 0.53) (36). 
The authors concluded that preoperative chemotherapy 
provides no additional benefi t over surgery alone for 
esophageal cancer. 

 This stands in contrast to results from the United 
Kingdom Medical Research Council (MRC OEO-2) trial, 
which included 802 patients with either squamous cell 
carcinoma or adenocarcinoma of the esophagus. Eligible 
patients were randomly assigned to either surgery alone 
or 2 preoperative cycles of cisplatin and 5-FU followed 
by surgical resection. This trial demonstrated that preop-
erative chemotherapy signifi cantly improved both median 
survival as well as 2-year overall survival (16.8 months 
vs. 13.3 months,  P  < 0.004: 43% vs. 34%,  P  < 0.004, 
respectively) (35). The discrepancy between INT113 and 
the MRC trial may be due to the larger sample size in the 
European trial and the fact that fewer patients proceeded 
to surgical resection in the U.S. trial compared to the MRC 
trial (80% and 92% respectively) (4,7,35,36,38–40). 

 The Medical Research Council Adjuvant Gastric 
Infusional Chemotherapy (MAGIC) trial also attempted 
to ascertain the effi cacy of neoadjuvant chemotherapy. 
This randomized trial included 503 patients with gastric 
cancer and adenocarcinoma of the esophagus and gas-
troesophageal junction, stage II or higher, who were ran-
domized to surgery alone (253 patients) or 3 cycles of 
epirubicin, cisplatin, and 5-FU, followed by surgery and 
an additional 3 cycles of chemotherapy postoperatively 

(250 patients) (37). Only 42% of the patients completed 
postoperative chemotherapy, and any benefi t from che-
motherapy is attributed to its preoperative use. Although 
the majority of the patients had gastric cancer, 26% of 
patients in both arms had tumors of the lower esopha-
gus or lower gastroesophageal junction (7,37–41). 

 The MAGIC trial demonstrated that preopera-
tive chemotherapy was associated with a signifi cant im-
provement in median survival (24 months vs. 20 months, 
 P  < 0.009) and 5-year overall survival (36% vs. 23%, 
 P  < 0.009) (7,37–41). Multivariate analysis showed that 
the treatment effect was unchanged after adjustment for 
primary tumor site. However, it should be noted that 
unlike the prior studies, which had patients with both 
adenocarcinoma and squamous cell carcinoma of the 
esophagus, the MAGIC trial included exclusively patients 
with adenocarcinoma and therefore its results may not 
be necessarily applicable to patients with squamous cell 
cancer. 

 A recently reported French Intergroup Trial (FFCD 
and FNLCC) randomized 224 patients with adenocarci-
noma of the distal esophagus, gastroesophageal junction, 
and stomach, stage II or greater, to either surgery alone 
or 2 to 3 cycles of fl uorouracil and cisplatin followed by 
surgery and 1 to 4 additional cycles of the same chemo-
therapy (42). Unlike the MAGIC trial, 75% of patients 
in this trial had adenocarcinoma of the distal esophagus 
and gastroesophageal junction. The preoperative chemo-
therapy arm showed a statistically signifi cant improve-
ment in R0 resection rate (87% vs. 74%,  P  = 0.04), 
5-year disease-free survival (34% vs. 21%,  P  = 0.003) 
and overall survival (38% vs. 24%,  P  = 0.02) (42). 

 Further support for the use of preoperative chemo-
therapy comes from meta-analysis data. In a Cochrane 
review reported in 2003, 11 randomized trials with a 
total of 2,051 patients were analyzed (31). Clinical rel-
evance was based on median survival and survival from 
years 1 to 5. When specifi c survival was not available, it 

TABLE 58.1 
Neoadjuvant Radiotherapy Randomized Trials

Study Patients Dose of RT Median survival (mo) Five-Year survival (%) P value

Launois (1981)4 RT + S 62 40 Gy 10 10 NS
S 47 12 12

Gignoux (1988)6 RT + S 115 33 Gy 48 10 NS
S 114 45 9

Wang (1989)8 RT + S 104 40 Gy NA 35 NS
S 102 NA 30

Arnott (1992)11 RT + S 90 20 Gy 8 9 NS
S 86 8 17

Fok (1994)1 RT + S 58 35–53 Gy 11 10 NS
S 50 22 16



466 V • THERAPY

was calculated from the published survival curves. The 
pooled response rate to chemotherapy was 36%, with 
3% of patients having a complete pathologic response. 
Although there was no difference in survival at 1 and 
2 years, a survival advantage was seen at 3 years and 
achieved statistical signifi cance at 5 years (31). A more 
recent meta-analysis was presented by Thirion et al. at 
the American Society of Clinical Oncology meeting 2007 
(43). The particular strength of this meta-analysis is its 
reliance on individual patient data that were checked 
and reanalyzed. The study encompassed 9 randomized 
trials performed from the early 1980s to the mid-1990s. 
Slightly more than half the patients had squamous cell 
carcinoma. The results showed that preoperative chemo-
therapy resulted in a modest but statistically signifi cant 
improvement in disease-free and overall survival (4.3% 
and 4.1% respectively) without adversely affecting peri-
operative mortality (43). 

 Based on the results of at least 3 well-powered ran-
domized trials and the meta-analysis by Thirion et al., 
there appears to be level 1 evidence for a modest benefi t 
of preoperative chemotherapy in esophageal and gastro-
esophageal junction adenocarcinoma. The effect of pre-
operative chemotherapy in squamous cell cancer appears 
less certain at this time. 

 Preoperative Chemoradiation 
Followed by Surgery 

 Concurrent chemotherapy and radiotherapy given in the 
neoadjuvant setting has been the subject of numerous 

clinical trials. The addition of radiotherapy to preopera-
tive chemotherapy regimens was thought to be an effec-
tive means of increasing pathologic complete response 
rates and thereby improve survival. There have been 46 
non-randomized trials evaluating neoadjuvant therapy 
from 1981 to 1999. Geh et al. examined the results of 
the 2,704 patients enrolled in these trials. Of these pa-
tients, 69% had squamous cell carcinoma, and 31% had 
adenocarcinoma of the esophagus (44). The radiation 
dose varied from 30 to 60 Gy with the majority of the 
patients receiving 5-FU and cisplatin for chemotherapy. 
Collectively, the resection rate was 74% with a complete 
pathologic response in 24% of patients (44). 

 Eight randomized trials evaluating neoadjuvant 
chemoradiation were done from 1992 to 2002 (20–21, 
45–51). These studies are listed in Table 58.3. Interpreta-
tion of the results from these trials is diffi cult, primarily 
due to small sample sizes, as well as incomplete staging 
procedures employed in many of these trials. Most of 
these trials used cisplatin- and 5-FU–based chemother-
apy with radiotherapy doses varying from 20 to 40 Gy. 
A few of the sentinel and larger more recent trials will be 
discussed in depth. 

 The study by Walsh et al. randomized 113 patients 
with esophageal adenocarcinoma to either 2 cycles of cis-
platin and 5-FU and 40 Gy of radiotherapy (58 patients) 
or surgery alone (55 patients). Nodal disease was seen in 
42% of patients who received preoperative chemoradia-
tion compared to 82% of the patients who underwent 
surgery alone ( P  = 0.001). A complete pathologic re-
sponse was seen in 25% of the patients who underwent 

TABLE 58.2 
Neoadjuvant Chemotherapy Randomized Trials

Study Patients Chemotherapy pCR (%)
Median survival 

(mo)
Five-Year survival 

(%) P value 

Roth (1988)13 C + S  19 Neo: Cis,Vin, Bleo NA 9 NA NS
S  20 Adjuvant: Cis, Vin 9 NA

Nygaard (1992)16 C + S  50 Cis, Bleo NA 8 3-y 3 NS
S  41 8 9

Ancona (2001)19 C + S  47 Cis, 5-FU X 2 or 3 13% 25 34 NS
S  47 24 22

Schlag (1992)9 C + S  22 Cis, 5-FU X 3 NA 10 NA NS
S  24 10

Kelsen - INT113 
 (1998)14

C + S
S

213
227

Neo Cis, 5-FU X 3
Adj Cis, 5-FU X 2

2.5%  14.9
 16.1

2 y 35
37

NS

MRC (2002)7 C + S 400 Cis, 5-FU X 2 4%  16.8 2 y 43 P = 0.004
S 402  13.3 34

Cuningham 
 (2006)21

C + S
S

250
253

Cis, 5-FU, Epi X 3
Adj Cis, 5-FU, Epi X 3

0% 24
20

36.3
23.0

P = 0.009
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surgery after chemoradiotherapy. Three-year survival 
was signifi cantly better in the multimodality arm com-
pared to surgery alone (32% vs. 6%;  P  < 0.01). Median 
survival also increased to 16 months from 11 months 
with neoadjuvant chemoradiation ( P  < 0.01) (10). Criti-
cism of this trial includes inadequate preoperative stag-
ing and unusually poor survival in the surgery-alone arm 
(6% at 3 years). Most surgical series, including those 
from the study center itself, showed a 3-year survival of 
at least 20% with surgery alone. These results suggest a 
potential critical imbalance between the 2 arms of the 
trial favoring the trimodality arm (4,38–40,48). Despite 
these limitations, this study remains the only completed 
randomized trial demonstrating a survival benefi t from 
preoperative chemoradiation (4,38–41,48). 

 Other randomized studies, including those by Urba 
et al., Nygaard et al., Le Prise et al., Burmeister et al., 
Bosset et al. and Aninop et al., were unable to demon-
strate a statistically signifi cant survival benefi t from neo-
adjuvant chemoradiation (Table 58.3) (20,21,47,49–51). 
However, most of these trials presented evidence based 
on secondary end-point or post-hoc subgroup analy-
sis that suggests a potential benefi t from preoperative 
chemoradiation. 

 For example, in one of the largest trials to date, Bur-
meister et al. randomized 256 patients with esophageal 
carcinoma to either surgery alone or neoadjuvant cisplatin 

and 5-FU and concurrent 35 Gy of radiotherapy followed 
by surgery. Roughly 60% of patients in each group had 
adenocarcinoma and all had resectable disease (stage I 
to III) as staged by endoscopy and computed tomography. 
A complete pathologic response was seen in 27% of the 
patients (16% overall, 10% for those with adenocarci-
noma). Although neither overall survival nor disease-free 
survival differed between the 2 study arms, this study repor-
ted that neoadjuvant chemo radiation improved  disease-
free survival in patients with squamous cell carcinoma 
(hazard ratio [HR] 0.47; 95% CI 0.25–0.86,  P  = 0.014) 
with a trend toward improved recurrence-free survival for 
those with adenocarcinoma (21). 

 Bosset et al. also showed a similar improvement 
in 3-year disease-free but not overall survival in patients 
receiving neoadjuvant therapy (40% vs. 28%,  P  = 0.003) 
(49). In this study, 282 patients with squamous cell 
carcinoma, stage I and II, were randomized to cispla-
tin and 37 Gy of radiotherapy split over two 1-week 
courses followed by surgery (143 patients) or surgery 
alone (139 patients). A complete pathologic response 
was seen in 26% patients receiving neoadjuvant therapy. 
Although no signifi cant difference in median or overall 
survival was observed, there was a signifi cant difference 
in disease-free survival (a secondary end-point) favor-
ing the combined modality arm. In this trial, neoadju-
vant therapy was associated with a signifi cantly higher 

TABLE 58.3 
Neoadjuvant Chemoradiotherapy Randomized Trials

Study Patients Histology
Chemotherapy 

RT
Surgical 
mortality

pCR 
(%)

Median 
survival 

(mo)

Three-Year 
survival 

(%) P value

Nygaard (1992)16 S 41 S Cis + Bleo 13 NA 7.5  9 NS
CRT +S 47 35 Gy 24 7.5 17

Le Prise (1994)20 S 45 S Cis + 5-FU 7 10 10 14 NS
CRT +S 41 20 Gy 8.5 10 19

Apinop (1994)5 S 34 S Cis + 5-FU 15 NA 7 20 NS
CRT +S 35 40 Gy 14 10 26

Walsh (1996)10 S 55 A Cis + FU 4 25 11  6 P = 0.01
CRT +S 58 40 Gy 8 16 32

Law (1998)3 S 30 S Cis + 5-FU 0 25 27 NA NS
CRT +S 30 40 Gy 0 26 NA

Bosset (1997)12 S 139 S Cis 4 26 19 37 NS
CRT +S 143 37 Gy 12.3 19 39

Urba (2001)17 S 50 S (25%) Cis + 5-Fu + Vin 2 28 18 16 NS
CRT +S 50 A (75%) 45 Gy 7 17 30

Burmeister 
 (2002)18

S
CRT +S

128
128

S (36%)
A (61%)

Cis + 5-FU
35 Gy

NA
 

16%
 

22
19

NA
NA

NS
 

Tepper (2005)2 S 26 S (25%) Cis + 5-FU 7.7 40% 54 39 P < 0.008
CRT +S 30 A (75%) 50.4 Gy 0  22 16  
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postoperative mortality (17 of 138 deaths in the neo-
adjuvant chemotherapy arm vs. 5 of 137 in the surgery-
alone arm,  P  = 0.012). 

 The lack of any observed survival benefi t in these 
2 trials may be due to the suboptimal chemotherapy 
reg imens given in each trial. In the Bosset et al. trial, 
cisplatin was administered 0 to 2 days before radiation 
as a single dose in two 1-week courses, while in the Bur-
meister et al. study a single cycle of cisplatin and 5-FU 
was given. Single agent or single cycle of chemother-
apy may not be suffi cient to provide a survival benefi t 
(4,21,38–41,49). 

 The American Cancer and Acute Leukemia 
Group B (CALGB)-9781 trial evaluating neoadjuvant 
chemoradiation for esophageal cancer was closed pre-
maturely due to poor accrual of patients with only 
56 patients, out of a planned accrual of 500 patients, 
enrolled prior to closure. The majority of the patients 
had esophageal adenocarcinoma (75%) and all had 
 resectable disease (stages I to III). Patients were ran-
domized to either 2 cycles of chemotherapy with 5-FU 
and 50.4 Gy of radiation prior to surgery (30 patients) 
or surgery (26 patients) alone (4,45). Despite the small 
numbers, this trial demonstrated an overall median 
survival benefi t for preoperative chemoradiation fol-
lowed by surgery (4.5 years vs. 1.8 years,  P  = 0.02) 
with a 10% rate of complete pathologic response. Five-
year survival was also improved from 16% to 39% 
( P  < 0.008) after preoperative therapy (4,45). As this 
trial was closed prematurely due to poor accrual, it is 
diffi cult to completely validate the results of this trial. 

 Four recent meta-analyses evaluating neoadjuvant 
chemoradiotherapy have been reported by Malthaner 
et al., Urschel et al., Fiorica et al., and Greer et al. (32,52–
54). Each of these studies reported a small survival ben-
efi t from preoperative chemoradiation but only after 
3 years. However, there was a trend toward higher post-
operative mortality after chemoradiation (32, 52–54). 

 Fiorica et al. pooled 6 randomized controlled trials 
comparing preoperative chemoradiation and surgery vs. 
surgery alone (20,47–51) encompassing 764 patients 
(53). Trials were restricted to include only patients with 
resectable esophageal carcinoma and no metastatic dis-
ease. Only 1 of the 6 trials (48) showed a statistically 
signifi cant survival benefi t after preoperative chemora-
diation. Three-year mortality was lower after chemo-
radiation and surgery compared to surgery alone (odds 
ratio [OR] 0.53; 95% CI 0.31–0.92;  P  = 0.025). How-
ever, the postoperative mortality was almost doubled 
after chemoradiation and surgery (OR 2.10; 95% CI 
1.18–3.73;  P  = 0.01) (53). Greer et al. pooled the same 
trials and reached similar conclusions although their 
results did not reach statistical signifi cance (OR 0.86; 
95% CI, 0.74–1.01;  P  = 0.07) (54). Both of these meta-
analyses did not analyze individual patient data but 

rather group averages. Hence, any small therapeutic 
benefi t from chemoradiation may have been lost in the 
statistical analysis depending on the modeling methods 
used. 

 Urschel et al. combined data from 9 randomized 
controlled trials. The 6 trials analyzed by Fiorica et al. 
and Greer et al. were included, as well as 3 additional tri-
als (21,46,55). These trials included the results of 1,116 
patients and were graded for quality using the 5-point 
Jadad scale (52). No additional benefi t was found to the 
addition of preoperative chemoradiation to surgery until 
3 years were reached (OR 0.66; 95% CI 0.47–0.92; 
 P  = 0.016). A nonsignifi cant trend toward increased 
postoperative mortality with preoperative chemoradia-
tion was seen (OR 1.63; 95% CI 0.99–2.68;  P  = 0.053). 
Another meta-analysis pooled the data from 8 trials 
(20,21,47–51,56) and compared survival at 3 years. 
As reported by Malthaner et al., 3-year mortality was 
lower for patients receiving preoperative chemoradiation 
(OR 0.87; 95% CI 0.80–0.96;  P  = 0.004) (32). Although 
individual patient data were obtained to some extent in 
both of these meta-analyses, this was not possible for 
most of the trials analyzed. The majority of the results 
in both of these studies is therefore based on summary 
estimates, which seriously limits the strength of the con-
clusions reached by Urschel et al. and Malthaner et al. 

 Preoperative Chemotherapy Followed by 
Surgery vs. Preoperative Chemoradiation 

Followed by Surgery 

 Despite the lack of evidence supporting the use of pre-
operative chemoradiotherapy, trimodality regimens have 
gained popularity, especially in the United States and 
parts of Europe. The question remains, however, whether 
chemotherapy or chemoradiotherapy constitutes the op-
timal preoperative regimen. A direct attempt to answer 
this question was conducted by the German Esophageal 
Cancer Study Group in their Preoperative Chemother-
apy or Radiochemotherapy in Esophagogastric Adeno-
carcinoma Trial (POET) trial (57). 

 In this trial, patients with stage T3–4NxM0 adeno-
carcinoma of the esophagus were randomly assigned to 
either preoperative chemotherapy only with 2.5 cycles 
of cisplatin and 5-FU or 2 courses of cisplatin and 5-FU 
 followed by 3 weeks of chemoradiotherapy (30 Gy, 
cisplatin, and etoposide) (57). Surgical resection was 
planned 3 to 4 weeks after the end of preoperative ther-
apy in each arm. The study was closed early due to poor 
accrual with only 126 out of the planned 394 patients 
accrued. A total of 120 eligible patients were randomly 
assigned; 90 patients underwent surgical resection. As 
reported by Stahl et al., a complete pathologic response 
was found in 2.5% of patients who received neoadjuvant 
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chemotherapy in comparison to 17% of patients who 
received neoadjuvant chemoradiation ( P  = 0.06) (57). 
However, this did not translate into a statistically sig-
nifi cant survival benefi t (median survival 32.8 vs. 21.1 
months, 3-year survival 43% vs. 27%, logrank  P  = 0.14 
for chemoradiation vs. chemotherapy). Although this 
study was underpowered due to poor patient accrual, 
extrapolation of these results suggests that preoperative 
chemoradiation may be marginally superior to preoper-
ative chemotherapy in treating locally advanced esopha-
geal cancer. However, this benefi t may come at the cost 
of an increased postoperative mortality (8.3% vs. 3.3% 
postoperative mortality for preoperative chemoradia-
tion vs. preoperative chemotherapy, respectively). 

 Based on the results of this trial as well as the 
previously discussed randomized trials, there are sparse 
data supporting the routine use of neoadjuvant chemo-
radiation as a treatment modality for locally advanced 
esophageal cancer. The randomized trials are either un-
derpowered or have shortcomings such as inadequate 
staging or high operative mortality. The single trial to 
date that showed a survival advantage for preoperative 
chemoradiation, Walsh et al. (48), has multiple short-
comings, as previously discussed. Even the results of 
the meta-analyses demonstrate only a marginal survival 
benefi t, if at all, from neoadjuvant chemoradiation, 
often achieved at the expense of increased postopera-
tive morbidity. Collectively, these results do not provide 
level 1 evidence to support the routine use of preopera-
tive chemoradiotherapy. Hence, neoadjuvant chemo-
radiation regimens should be deemed investigational in 
nature and limited to the context of clinical trials. 

 Defi nitive Chemoradiation 

 Two recent randomized trials have compared the effi -
cacy of chemoradiation and surgery to chemoradiation 
alone (58,59). All patients in these trials had locally ad-
vanced carcinoma of the esophagus (T3N0–1M0). In the 
French 9102 trial, Bedenne et al. evaluated 444 patients 
(90% squamous cell carcinoma) who received 2 cycles of 
5-FU and cisplatin with radiation (concurrent 46 Gy on 
the fourth, fi fth weeks or a split course of 15 Gy on days 
1–5 and 22–26). Of these 444 patients, 259 patients had 
a partial response and were then randomized to additional 
chemoradiation (130 patients) or surgery (129 patients). 
Neither median survival nor 2-year survival were sta-
tistically different between the 2 groups: 17.7 months 
(chemoradiation [CRT] + surgery [S]) vs. 19.3 months 
(CRT); and 34% (CRT + S) vs. 40% (CRT),  P  = 0.56 
(59). However, those who underwent surgery had im-
proved 2-year local control rates with less dysphagia 
and need for stents: 66.4% (CRT + S) vs. 57.0% (CRT) 
local control rate,  P  = 0.0014; 5% (CRT + S) vs. 32% 

(CRT) stent usage,  P  < 0.001. Although the authors con-
cluded that surgery is not necessary for those with locally 
advanced esophageal cancer, there are important limi-
tations in the study design. Since only patients who re-
sponded to chemoradiation were included, the question 
of whether surgery is benefi cial in nonresponders cannot 
be answered. Hence, this trial is inherently biased against 
surgery (4,38–40,59). Furthermore, 6-month mortality in 
the chemoradiation and surgery arm was 16% and only 
6% in the chemoradiation only arm ( P  = 0.15). The au-
thors concluded that the addition of surgery to chemo-
radiation simply increases 6 months mortality without 
improving survival. An alternative explanation is that 
the high postoperative mortality likely refl ects the multi-
center nature of the trial underscoring the need to limit 
such complex treatment designs to high-volume centers 
thus reducing surgical mortality and thereby identifying 
any possible benefi t from surgical resection. 

 In another trial reported by Stahl et al., 172 patients 
with squamous cell carcinoma of the esophagus (T3–
4N0–1M0) were randomized after 3 cycles of induc tion 
chemotherapy with 5-FU, leucovorin, and cisplatin to ei-
ther defi nitive chemoradiation with cisplatin, etoposide, 
and 65 Gy of radiation (86 patients) or more chemora-
diation with cisplatin, etoposide, and 40 Gy followed by 
surgery in 4 to 6 weeks (86 patients) (58). This trial also 
demonstrated no survival difference between the 2 study 
arms in median survival and 2-year survival (16.4 months 
[CRT + S] vs. 14.9 months [CRT]; and 31% [CRT + S] 
vs. 24% [CRT],  P  = 0.007 for equivalence), despite dem-
onstrating a difference in local progression-free survival 
(64.3% [CRT + S] vs. 40.7% [CRT],  P  = 0.003) (58). 
Mortality was signifi cantly increased in those who had 
surgery than those who had chemoradiotherapy (12.8% 
vs. 3.5%, respectively,  P  = 0.03). However, the chemora-
diotherapy regimen given was unconventional making the 
results of this trial diffi cult to interpret. Both trials had pa-
tients with predominantly squamous cell histology, which 
is known to be slightly more responsive to chemotherapy 
than adenocarcinoma. Hence, these results may not be 
applicable to those with esophageal adenocarcinoma. 
As in Bedenne et al., the authors of this study similarly 
concluded that the addition of surgery to chemoradiation 
increases mortality without a survival benefi t. However, 
this trial was a multicenter trial with 11 participating cen-
ters, 5 of which contributed less than 10 patients. Hence, 
the high postoperative mortality once again underscores 
the need to restrict these trials to high-volume centers in 
order to remove any confounding from surgical morbidity 
and mortality. Given these shortcomings and the fact that 
the trial was underpowered to prove equivalence, the trial 
results are not conclusive (4,38–40). In fact, Stahl et al. 
suggest that surgery may benefi t those who fail to re-
spond to chemotherapy since this group of patients had a 
32% 3-year survival with a R0 resection. These trials, like 
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other studies evaluating therapies for esophageal cancer, 
invites further randomized trials (4,38–40,59). 

 BRIEF WORD ON ADJUVANT THERAPY 

 Several randomized trials have been published evaluat-
ing the use of postoperative chemotherapy or chemora-
diation after esophagectomy. Two randomized Japanese 
trials have compared the benefi t of adjuvant chemo-
therapy for squamous cell carcinoma of the esophagus 
after esophagectomy with patients receiving cisplatin 
and vindesine in one trial and cisplatin and 5-FU in an-
other over surgery alone (41,60,61). Each of these trials 
had randomized 100 patients to each arm. No difference 
in overall survival was detected in either trial. The trial 
evaluating postoperative cisplatin and 5-FU did, how-
ever, show an improved disease-free survival at 5 years 
(55% vs. 45%,  P  = 0.37) (41,60,61). 

 Data are sparse for the use of postoperative 
chemoradiotherapy in patients with adenocarcinoma 
of the esophagus. MacDonald et al. reported the results 
of intergroup trial 0116 in which 556 patients with 
gastric and gastroesophageal cancer were randomized 
to surgery followed by postoperative 5-FU and leu-
covorin combined with 45 Gy of radiotherapy or sur-
gery alone. Improved median survival was seen in the 
adjuvant treatment group (36 months vs. 27 months,  
P  = 0.005) (62). However, it is unclear if this trial is 
applicable to esophageal cancer, as patients with pre-
dominantly gastric and gastroesophageal junction 
cancers were evaluated. Yet this trial and the previ-
ous trials do suggest that adjuvant therapies may be 
provide a survival benefi t. More conclusive data are 
needed to answer such questions, but trials may be 
limited by the fact that there is little theoretical sup-
port to favor adjuvant over neoadjuvant therapies for 
esophageal cancer (4,40,62). 
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lthough esophageal carcinoma is a 
relatively uncommon malignancy, 
its incidence and prevalence have 
been dramatically increasing in the 
Western countries. Squamous cell 

cancer represents 95% of all esophageal cancer and is 
the seventh-leading cause of cancer death worldwide. Its 
incidence varies between 30 and 800 cases per 100,000 
in parts of northern Iran, southern Russia, and northern 
China (1). Environmental teratogens such as smoking 
and alcohol have been implicated in the development of 
squamous cell carcinoma. Other defi nite risk factors in-
clude chronic achalasia, lye-induced strictures, tylosis, 
and human papilloma virus. Although adenocarcinomas 
make up only 5% of the worldwide esophageal cancer 
cases, they account for more than 50% of the esopha-
geal malignancies in Western civilizations (1). Unlike 
squamous cell cancer, which is seen in association with 
a history of smoking and alcohol use, adenocarcinoma 
has been linked gastroesophageal refl ux and Barrett’s 
epithelium (1). 

 Regardless of histology and despite best medi-
cal and surgical care, esophageal cancer continues to 
carry a dismal prognosis. According to the Surveillance, 
Epidemiology, and End-Results Program from the Na-
tional Cancer Institute, there will be 15,560 new cases 
of esophageal cancer in 2007, and out of those patients, 

13,940 patients will die from this disease. At diagnosis, 
less than 5% of patients will have localized disease with-
out regional lymph node involvement, 50% of patients 
will present with locoregional involvement, and the rest 
will present with distant metastasis (1). 

 PATTERNS OF RECURRENCE 

 The optimal treatment for resectable esophageal cancer 
is still the subject of debate. Some advocate surgical re-
section, either as the sole treatment or in combination 
with neoadjuvant or adjuvant therapy. Other groups 
recommend a nonsurgical approach and treat patients 
with defi nitive chemoradiation alone (2–6). Despite 
the different combinations of therapeutic regimens and 
the extent of esophageal resection, 36.1% to 64.2% of 
esophagectomy patients will develop recurrent disease 
(7–9). In patients who undergo complete surgical re-
section, recurrent disease can present as either local re-
currence at the anastomotic site, recurrence in regional 
lymph nodes, distant recurrence (i.e., liver, bone), or a 
mixed recurrence, which is a combination of any of the 
above. Another unique type of recurrence is Barrett’s 
esophagus, which develops in the postesophagectomy. 
This problem may be more likely to develop in esopha-
gectomy patients who have been reconstructed with a 

 A
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thoracic anastomosis and have a longer proximal esoph-
ageal remnant. Even if the initial esophageal resection 
was complete with negative surgical margins, ongoing 
refl ux of gastric contents across the anastomosis may 
lead to metaplasia and dysplasia (10,11). Even though 
most esophageal resections involve division of the vagal 
trunks, Gutschow et al. demonstrated that the dener-
vated stomach recovers its ability to secrete acid over 
time (12). Other investigators observed a signifi cant in-
crease in the median acid and bile scores in 63% and 
80% of esophagectomy patients (13). They also found 
a correlation between gastroesophageal refl ux and the 
development of Barrett’s metaplasia. Given the relatively 
high reported incidence of intestinal metaplasia after 
esophagectomy (50%), periodic screening endoscopy 
may be justifi ed especially in long-term survivors. 

 Mariette et al. retrospectively reviewed the patterns 
of recurrence following complete resection of esopha-
geal carcinoma and the factors predictive of recurrent 
disease in 230 out of 439 consecutive patients (14). 
From 1982 to 2002, 460 patients underwent subto-
tal esophagectomy with 2-fi eld lymphadenectomy and 
complete resections. The predominant histologic type 
was squamous cell carcinoma over adenocarcinoma 
in a ratio of 4.7:1. Even with an extensive and poten-
tially curative resection, the French group observed a 
52.4% (230 of 439) recurrence rate. Local recurrence, 
defi ned as anastomotic recurrence, occurred in 53 pa-
tients (12.1%). Regional recurrence was observed in 90 
patients (20.5%), and this was defi ned as mediastinal 
or upper abdomen at the site of previous resection and 
nodal clearance or recurrence in the cervical area, where 
no lymphadenectomy was performed. Finally, distant 
recurrence occurred in 87 patients (19.8%), with the 
predominant sites being liver (35 patients), lung (21 pa-
tients), bone (18 patients), and brain (7 patients). The 
mean time to recurrence after the operation was 17.8 
months with 45.7% (105 of 230) recurrences develop-
ing within 12 months of surgery. The median time to 
recurrence was 12 months, and the median survival after 
recurrence was 7 months. There was no signifi cance dif-
ference in median disease-free survival between patients 
with adenocarcinoma and squamous cell carcinoma. 
Tumor location (i.e., upper, middle, lower esophagus) 
did not have a signifi cant impact on survival. In a mul-
tivariate analysis, the only factor that was predictive of 
recurrent disease was the depth of invasion of the tumor 
(T stage) on initial pathologic assessment. 

 Hulscher et al. also evaluated the recurrence pattern 
of esophageal cancer after transhiatal resection. In their 
patient population, the most common histology was ad-
enocarcinoma (15). Of the 149 patients, 72 (52.6%) devel-
oped a recurrence. Thirty-two patients (23.4%) developed 
locoregional recurrence, 21 patients (15.3%) developed 
distant recurrence, and 19 patients (13.9%) presented with 

both locoregional and distant recurrence. Only 1 patient 
recurred with stage I cancer (5.9%), while the recurrence 
rates for stages IIa, IIb, III, and IV were 42.4%, 63.6%, 
69.8%, and 76.9%, respectively. Lymph node status was 
an independent prognostic factor for recurrence. The other 
predictor of recurrence was the completeness of resec-
tion (R0 vs. R1). R0 refers to complete surgical resection 
with negative microscopic margins, and R1 signifi es docu-
mented microscopic residual disease after surgery. Of the 
109 patients who had an R0 resection, 50 (45.9%) devel-
oped a recurrence, while the R1 group had a 78.6% overall 
recurrence rate. 

 SURGICAL OPTIONS FOR LOCALLY 
 RECURRENT ESOPHAGEAL CANCER 

 Salvage Esophagectomy for Recurrence 
after Surgical Resection 

 Despite the generally poor survival in recurrent esopha-
geal cancer, there may be a benefi t from repeat resection 
in patients with local recurrence (16–19). The largest 
published series originated from Japan and retrospec-
tively analyzed 131 out of 367 consecutive patients 
with postsurgical recurrence (16). Out of 131 patients, 
94  patients underwent some form of treatment that in-
cluded chemotherapy (n = 35), radiation ± chemother-
apy (n = 35), and surgery ± other therapy in the form of 
chemotherapy, radiation, or both (n = 24). There were 
no signifi cant differences observed in pathological stage 
among the treatment groups. The 5-year survival rate 
in the chemotherapy, radiation ± chemotherapy, surgi-
cal resection ± other treatment, and no-treatment groups 
were 0%, 11.8%, 29.2%, and 0%, respectively. The 
5-year survival rate was signifi cantly improved in pa-
tients who had recurrent disease amenable to surgical re-
section. Another group from the Mayo Clinic evaluated 
the role of re-resection for locally recurrent esophageal 
cancer (20). They analyzed 27 consecutive patients who 
presented with locally recurrent esophageal carcinoma 
after surgical resection. Of the 27, 19 (70%) were re-
resected, while the other 8 were deemed unresectable at 
the time of surgical exploration. Complete R0 resection 
was achieved in 15 out of the 19 patients (79%), and 
the other 4 patients had microscopic margins. The most 
common postoperative complications were arrhythmias 
(26%), anastomotic leaks (26%), and sepsis (19%). The 
total rate of complications was 59% with an operative 
mortality rate of 7.4% (n = 2). In completely resected 
patients, the survival rates at 1, 3, and 5 years were 
62%, 44%, and 35%, respectively. The corresponding 
survival rates for incompletely re-resected patients were 
lower at 27%, 18%, and 0%, respectively. Prognostic 
factors associated with an improvement in survival were 
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disease-free interval greater than 2 years and complete 
resection. Age, neoadjuvant therapy, presence or  absence 
of symptoms, complications, and site of local recurrence 
did not signifi cantly affect survival. In a recent study by 
Nemoto et al., patients with locally recurrent esopha-
geal cancer after curative resection were treated with 
external beam radiation and had 1-year and 3-year sur-
vival rates of 33% and 12% (21). Patients treated with 
combined chemotherapy and radiotherapy similarly had 
lower survival rates as compared to surgical re-resection 
of 47% at 1 year and 4% at 3 years (22  ). The authors 
concluded that, although technically challenging and as-
sociated with signifi cant morbidity, complete surgical re-
section of locally recurrent esophageal cancer may result 
in prolonged survival when compared to other forms of 
nonoperative therapy. However, the results should be in-
terpreted in context of the biases attributed to retrospec-
tive study designs. 

 Salvage Esophagectomy for Recurrence 
after Defi nitive Chemoradiation 

 Defi nitive chemoradiation without surgery is an accept-
able form of treatment for esophageal cancer. One ran-
domized, prospective trial from Hong Kong compared 
surgery to defi nitive chemoradiation in 80 patients with 
squamous cell esophageal cancer and found no signifi cant 
difference in early, cumulative survival, and disease-free 
survival (23). It has been suggested that radical surgical 
intervention offers no signifi cant survival benefi t over 
defi nitive chemoradiation in the treatment of stages II to 
III esophageal cancer (24). Despite maximum doses of 
chemoradiation, a signifi cant proportion of patients recur, 
and there is relatively limited information on the role of 
salvage esophagectomy in this clinical scenario. 

 At the M. D. Anderson Cancer Center, 13 patients 
were treated with salvage esophagectomy after chemora-
diation over a 13-year period (25). These patients were 
compared to a control group (n = 99) who had a planned 
esophagectomy after neoadjuvant chemoradiation. The 
patients undergoing the salvage procedure generally had 
a signifi cantly higher dose of radiotherapy as compared 
to the control group (56.7 Gy vs. 41.4 Gy). The salvage 
group was reconstructed mainly with a cervical anasto-
mosis. The operative time, blood loss, and units of packed 
red blood cells transfused were signifi cantly higher in 
these patients. There was a trend toward a longer period 
of ventilator dependence and a higher operative mortality 
after salvage esophagectomy. The length of hospital stay 
(29.4 days vs. 18.4 days) and the anastomotic leak rate 
(38% vs. 7%) were signifi cantly higher in patients who 
received a higher preoperative radiation dose. Despite 
differences in short-term complication rates, the 5-year 
survival rate was similar between the groups. Although 

the numbers are too small to make generalizations, sal-
vage esophagectomy appeared to benefi t 4 patients who 
lived longer than 2 years and 2 others who were still alive 
without any evidence of disease 5.7 years and 12.2 years. 
In their multivariate analysis, the authors stated that there 
was a trend toward improved long-term survival in early-
stage, node-negative tumors (T1–2 N0) (25). 

 Complications of Salvage Esophagectomy 

 The complications of salvage esophagectomy for recur-
rence after any form of treatment are high. The 2 major 
complications are respiratory failure from acute respi-
ratory distress syndrome (ARDS) and/or pneumonia 
and sepsis from anastomotic leaks (26). These adverse 
events can potentially be lethal. Other morbidities in-
clude airway necrosis and fi stula formation, recurrent 
laryngeal nerve injury, chylothorax, and pericardial ef-
fusion (26–28). 

 Respiratory Failure 

 Respiratory failure is a generalized condition without any 
precise criteria, but ARDS, acute lung injury, and pneu-
monia are the most common variants. Keller et al. dem-
onstrated that high-dose radiation therapy and concurrent 
chemotherapy for esophageal cancer are associated with 
signifi cant life-threatening injury to the lungs (29). Radia-
tion to the mediastinal area can also cause pneumonitis, 
and surgery releases a myriad of cytokines that can also 
result in acute lung injury. Mechanical ventilation may 
also perpetuate the infl ammatory cascade and cause acute 
lung injury by exposing the lungs to prolonged periods of 
intraoperative single lung ventilation, high lung volumes, 
and high oxygen concentrations. Moreover, the pulmo-
nary lymphatic obstruction resulting from mediastinal 
lymph node dissection and mediastinal radiation therapy 
may also contribute to acute lung injury (30,31). These 
factors may explain the increased morbidity and mor-
tality from respiratory failure after esophagectomy with 
neoadjuvant or adjuvant chemoradiation (30–34). 

 Respiratory complications are very common after 
esophagectomy and range from 18% to 57% (35,36). 
Ferguson and Durkin reviewed 292 patients who under-
went an esophagectomy for cancer and identifi ed age, 
spirometry function (i.e., percent predicted FEV 1 ), and 
performance status as 3 preoperative risk factors for 
pulmonary complications (37). Other independent risk 
factors include chronic lung disease, malnutrition, immu-
nosuppression, and swallowing dysfunction. Avendano 
et al. confi rmed that besides advanced age and immuno-
suppression from neoadjuvant therapy, one of the most 
important risk factors leading to pneumonia was previ-
ous chronic lung disease (FEV1 < 65% predicted) (38). 
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 Anastomotic Failure 

 A leak occurring at the esophagogastric anastomosis is a 
dreaded complication associated with a signifi cant risk 
of sepsis and death (39). Urschel et al. observed a 35% 
mortality rate in a retrospective review of 23 anastomotic 
leaks in 307 patients undergoing esophagectomy. They 
postulated that although not statistically signifi cant, 
factors that contributed to an increased mortality were 
advanced age, early postoperative leaks, and clinically 
signifi cant anastomotic leak (40). The etiology of anas-
tomotic breakdown is multifactorial but can usually be 
attributed to technical errors and/or poor gastric tissue 
perfusion (41,42,43  ). The perfusion of the gastric con-
duit depends on intact right gastroepiploic vessels and 
the submucosal vascular plexus, which allows for col-
lateral blood to the proximal fundus even after ligation 
of the left gastric, left gastroepiploic, and short gastric 
vessels. Improper surgical technique in preserving the 
right gastroepiploic vessels during dissection, aggressive 
transthoracic mobilization of the conduit, excessive tu-
bularization, and imprecise alignment of the anastomo-
sis leading to tension and tissue trauma are the primary 
technical culprits leading to anastomotic leaks (41,42). 
Preoperative radiation may also increase the risk of 
anastomotic dehiscence by obliterating the submucosal 
collateral vessels of the proximal stomach and the ves-
sels supplying the esophageal portion of the anastomosis 
as well. Improvements in the rates of mortality and leaks 
after esophagectomy have been attributed to improved 
surgical techniques, mechanical stapling devices, earlier 
recognition of the problem, and increased surgical expe-
rience (41,42,  44–47). 

 Malignant and Nonmalignant Fistulae 

 Fistulae from the trachea or bronchus to the esophagus 
or pleura are serious complications of salvage esophagec-
tomy. Radiation therapy, anastomotic leaks, extensive 
intrathoracic dissection and mobilization, and residual 
or recurrent malignancy are all factors that increase 
the probability of developing a fi stula to the airways or 
major blood vessels. Fistulae to the airways are clinically 
challenging and are associated with a mortality rate of 
29% to 47% (48). These fi stulae can be divided into 
nonmalignant and malignant in origin. Unfortunately, 
the only treatment option for malignant tracheoesopha-
geal fi stula is palliation because the underlying process 
is usually incurable (48,49). Malignant tracheoesopha-
geal fi stulae are best palliated by exclusion from the ali-
mentary tract using either endoscopic stents or surgery 
(48,49). The perioperative mortality rate of surgical 
bypasses for malignant fi stulae is 25% to 61%, while 
the mortality from endoscopic stent insertion ranges 
from 0% to 15%. With supportive measures alone, the 

 survival rate is dismal at 1 to 6 weeks (48). Therefore, 
endoscopic palliation is probably the preferred palliative 
option in most cases (50,51). 

 Bartels et al. described the prevalence, predisposing 
factors, and outcomes of 31 out of 785 patients who 
developed tracheobronchial fi stulae after esophagec-
tomy. Fistulae were more prevalent in transthoracic than 
transhiatal resections, in tumors located at or above the 
tracheal bifurcation, with substernal gastric conduit 
placement, and in patients treated with neoadjuvant 
chemoradiation (52). All patients had a more extensive 
resection that may have resulted in increased esopha-
gogastric devascularization and ischemia. Ten out of 
the 31 patients (32%) died during the fi rst postopera-
tive month from respiratory failure, multiorgan failure 
secondary to sepsis, or bleeding secondary to erosion 
into the aorta. The authors also noted that a reduction 
in tidal volume and increase in respiratory rate in their 
ventilator management dramatically reduced the air leak 
rate from 2.8 L/min to 1.1 L/min. This, in turn, resulted 
in earlier extubation and complete healing or decrease 
in size of the fi stulae in 23 patients (53). The principles 
of treatment for nonmalignant tracheoesophageal fi stu-
lae are nutritional support and exclusion of the airways 
from the alimentary tract. Available treatment options 
to achieve exclusion include esophageal stents, tracheal 
stents, fi brin-based sealants, and surgical repair with 
pedicled muscle fl aps (48–58). 

 CHEMOTHERAPY AND RADIATION FOR 
 RECURRENT ESOPHAGEAL CANCER 

 Another treatment modality for patients with recurrent 
esophageal cancer is chemotherapy, radiotherapy, or a 
combination of both. The response rates for fi rst-line 
single-agent chemotherapy in esophageal cancer patients 
range from 16% to 33% (63–68). According to the lit-
erature, the combination of cisplatin, 5-fl uorouracil, and 
radiotherapy has resulted in complete response rates 
ranging from 35% to 50%; however, the associated 
toxicities have led researchers to evaluate newer com-
pounds, such as taxanes and irinotecan (59–63). It is im-
portant, however, to keep in mind that a good response 
does not necessarily equate to an improved survival and 
that in patients with metastatic esophageal cancer, the 
median survival is still only 4 to 8 months despite the use 
of such therapeutic modalities (61). 

 In 1985, the Radiation Therapy Oncology Group 
initiated a randomized, prospective phase III trial (RTOG 
81-01) to evaluate the benefi t of multimodality treatment 
(concurrent chemotherapy with radiation) over single-
agent radiation treatment in the long-term survival of 
patients with esophageal cancer (65). Patients that were 
included had squamous cell or  adenocarcinoma, T 1–3, 
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N 0–1, M 0, and Karnofsky scores of at least 50. An in-
terim analysis in 1990 caused an early termination in the 
study when it showed a staggering difference in 5-year 
survival between those patients receiving chemotherapy 
plus radiation versus radiation alone in both random-
ized (26% vs. 0%, respectively) and nonrandomized 
groups (14% vs. 0%). On further follow-up, it was ob-
served that 22% (n = 10) were still alive 8 years and that 
20% (n = 3) were alive at 10 years after initiation of 
treatment. The authors therefore concluded that nonop-
erative multimodality treatment could potentially cure 
selected patients with esophageal cancer (65). 

 Ultimately, patients with recurrent or metastatic 
esophageal cancer have a poor prognosis, and the role 
of chemotherapy should be directed toward palliation 
rather than cure. The combination of cisplatin and 5-FU 
is still the most commonly prescribed regimen, with 
 documented rates of response nearing 35% and me-
dian survival durations of 6 to 8 months (61,65,67,  69). 
As stated before, though, an improvement in response 
rate may not correlate with an increased survival. For 
 instance, Mariette et al. observed a median survival of 
7 months in patients with untreated recurrent esopha-
geal cancer (14). From 1986 to 1993, Raoul et al. evalu-
ated 31 patients with recurrent esophageal cancer after 
surgical resection and treated them with combined 
chemoradiation (22). The chemotherapy regimen in-
cluded cisplatin and 5-FU, and radiation therapy was 
administered to a total dose of 60 Gy. The French group 
observed symptomatic relief that lasted for a median of 
6.3 months in 74% (n = 23) of their patients. Tumor re-
sponse was observed in 65% of the patients, and among 
these patients, 26% achieved complete response accord-
ing to clinical  evaluation and radiographic imaging. The 
survival rates at 1, 2, and 3 years were 47%, 17%, and 
4%, respectively, and median duration of survival was 
10.7 months from the initial diagnosis of recurrence. The 
authors stated that a combination of chemotherapy and 
radiation was benefi cial in treating recurrent esophageal 
cancer, in improving in the quality of life, and in accom-
plishing the goals of palliation (22). Other investigators 
have also reported similar results after chemoradiation 
in a small group (n = 33) of patients with locoregional 
recurrence (21). 

 ENDOSCOPIC PALLIATION FOR 
RECURRENT LOCALLY RECURRENT 

ESOPHAGEAL CANCER 

 Endoscopic Palliation 

 The focus of treatment shifts from curative to pal-
liative intent in patients with inoperable recurrent 
disease.  Because of the dismal prognosis associated 

with  unresectable esophageal cancer, the primary goal 
 becomes rapid relief of dysphagia with minimal hospital 
stay in the remaining days of life. Endoscopic palliation 
may help to achieve this goal with the use of stents, dila-
tion, brachytherapy, neodymium:yttrium-aluminum gar-
net (Nd:YAG) laser, and photodynamic therapy (PDT). 

 Endoscopic dilation is a widely available and rela-
tively safe means to provide short-term relief of dyspha-
gia. In their retrospective study of 26 patients undergoing 
616 palliative dilations, Moses and colleagues reported 
that 92% of patients were able to resume a soft or regu-
lar diet with minimal procedural morbidity and no mor-
tality (  72). The large number of repeat dilations in this 
series points to the temporary nature of the improve-
ment in swallowing afforded by this modality. Lundell 
et al. reviewed 41 patients undergoing 128 dilations and 
noted a signifi cant improvement in dysphagia, but re-
peat dilations were required at approximately 4-week 
intervals (71). The procedure was also associated with 
a 5% perforation rate. Similar to these reports, a third 
series evaluating 46 patients reported dysphagia relief in 
90% with a complication rate of 8% (73). Because of its 
wide availability, low cost, and relative technical ease, 
dilation may be a reasonable palliative option in selected 
patients with a very limited life expectancy. However, 
expandable metal stents (EMS) are still preferred be-
cause they provide longer lasting relief and require less 
re-interventions. 

 Stenting is the most frequently employed modality 
for palliation of esophageal cancer (74). Silicon stents 
were originally used but were associated with a high 
rate of obstruction, perforation, and migration as well 
as a high procedural mortality (75,76). EMS were in-
troduced to offer a potentially safer palliative approach. 
Two randomized trials conducted in the 1990s com-
pared silicon and metal stents. Knyrim and colleagues 
evaluated 42 patients with esophageal cancer and found 
that technical success (95%–100%), relief of dysphagia 
(95%), improvement in Karnofsky performance score, 
reintervention rate (33%), and 30-day mortality (EMS = 
14%; silicon = 29%) were statistically similar between 
the two groups (76). However, 2 important differences 
were noted: complications were more frequent in the 
silicon stent group (43% vs. 0%), and the mean length 
of hospitalization after stent placement was longer in the 
silicon cohort (12.5 vs. 5.4 days). These two factors led 
the authors to conclude that metal stents were more cost 
effective despite a higher initial purchase price. Siersema 
et al. randomized 75 patients to receive either latex-
based or coated metal stent (77). As in the previous trial, 
successful placement of the stent (97%–100%), im-
provement in mean dysphagia score (3.1–0.75), and rate 
of recurrent dysphagia (25%) were similar between the 
two groups. Those with a latex prosthesis had a longer 
hospital stay (6.3 vs. 4.3 days) and higher complication 
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rate (47% vs. 16%). Several large series, each evaluating 
over 100 patients with EMS, have consistently demon-
strated successful stent placement and improvement of 
dysphagia in over 85% of patients along with a low pro-
cedural mortality of 0% to 2.5% (79–84). Procedural 
complications of EMS placement are limited to 5% to 
15% of patients and include perforation, bleeding, as-
piration pneumonia, and chest pain. Delayed complica-
tions such as fi stulization, bleeding, obstruction, stent 
migration, and tumor ingrowth or overgrowth occur in 
30% to 45% (85). Other benefi ts of EMS are relatively 
easier insertion, as well as no requirement for expertise 
in rigid endoscopy. Additionally, newer generation EMS 
can be fully or partially covered with polyurethane or 
silicone, allowing for less tumor ingrowth at the cost of 
an increased migration rate (86). In the case of tracheo-
esophageal fi stulae, covered EMS are the preferred treat-
ment as closure may be achieved in up to 70% to 100% 
of patients (87–89). 

 Brachytherapy allows local delivery of radiation 
and can also be utilized to palliate obstructing esopha-
geal cancer. In a multicenter randomized trial comparing 
outcomes of stent placement (n = 108) and brachyther-
apy (n = 101), dysphagia was relieved more rapidly with 
stenting, but brachytherapy was associated with supe-
rior relief after 30 days (90). Dysphagia improved in 
73% of patients receiving brachytherapy, and there were 
no signifi cant differences in rate of recurrent dysphagia 
or survival between the cohorts. In their 10-year retro-
spective analysis of 149 patients receiving high-dose-rate 
brachytherapy, Homs et al. noted improvement in dys-
phagia in 51% of patients with a 12% major complica-
tion rate, including bleeding (5%) and fi stula formation 
(4%), as well as a 2% mortality rate (91). Another 
study evaluating 197 patients reported a similar rate 
(54%) of dysphagia improvement with brachytherapy 
(92). The major disadvantage of brachytherapy is the 
relatively prolonged time necessary to afford relief. This 
becomes an important issue in palliative care where sur-
vival is limited and rapid symptomatic relief a priority. 

 Nd:YAG laser therapy is another option that can 
offer temporary relief of malignant dysphagia. Small exo-
phytic tumors (< 6 cm) in the middle third of the esopha-
gus are most suitable for this type of treatment (12). In 
a randomized trial comparing alcohol injection (n = 23) 
with Nd:YAG (n = 24), 78% and 88% of patients had 

a substantial improvement in dysphagia, respectively. 
There was 1 (4.3%) esophageal perforation that oc-
curred during the preliminary dilation in the ethanol in-
jection group. No complications were encountered with 
Nd:YAG, and there were no procedure-related deaths 
in either group (93). Another prospective randomized 
trial of laser therapy (n = 18) and metal stents (covered, 
n = 23; uncovered, n = 19) concluded that stents were 
more effective at relieving dysphagia (94). A potential 
disadvantage of Nd:YAG laser treatment is the need for 
repeated sessions, as dysphagia tends to recur within 4 
to 6 weeks (84). The addition of external beam radio-
therapy prolongs the dysphagia-free interval in patients 
treated with this modality (95). Additional limitations 
include availability and cost of the necessary equipment 
as well as the technical expertise required. 

 Photodynamic therapy (PDT) is another modality 
that offers palliative benefi ts by utilizing a photosensitiz-
ing agent followed by nonthermal ablation. In a review of 
215 patients undergoing palliation with PDT at our insti-
tution, 85% of patients had an improvement in swallow-
ing with a mean dysphagia-free interval of 66 days (96). 
Additionally, the perforation rate was 2% and proce-
dural mortality was 1.8%. In a multicenter randomized 
trial including 218 patients (PDT = 110; Nd:YAG = 108), 
the proportion of patients with relief of dysphagia was 
similar between the 2 groups at 1-week (PDT = 40%, 
Nd:YAG = 44%) and 1-month follow-up (PDT = 32%, 
Nd:YAG = 27%). Termination of therapy second  ary 
to side effects was less frequent in those receiving PDT 
(3% vs. 19%), and the rate of perforation was higher in 
the laser group (7% vs. 1%). Adverse effects following 
PDT in this trial included sunburn (19%), fever (16%), 
pleural effusion (10%), and nausea (8%). 

 Judicious patient selection is an important factor 
in determining the appropriate plan of care for patients 
with recurrent esophageal cancer. Only a careful, com-
prehensive clinical evaluation will identify patients who 
are fi t enough to potentially benefi t from surgery, che-
motherapy, or radiation despite associated complica-
tions and toxicities. Therefore, surgeons and physicians 
must be prepared to offer patients additional options, 
such as esophageal dilation and stent insertion, laser 
therapy with Nd:YAG or photodynamic therapy, and 
brachytherapy, for more immediate and effective means 
of palliation. 
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  60  
Preoperative 
Immunonutrition 

sophageal cancer has signifi cant 
nutritional implications with at 
least 40% of patients being mal-
nourished at the time of diagnosis 
(1). Unintentional weight loss > 5% 

in 1 month or > 10% over 6 months, low body mass 
index, and declining oral intake is suggestive of malnu-
trition or increased nutritional risk (2–4). Malnutrition 
results in diminished lean body mass, impaired immune 
function, and adverse effects on wound healing. It is 
associated with a signifi cant increase in perioperative 
morbidity and mortality (2,5). Signs of malnutrition are 
listed in Table 60.1. 

 Poor preoperative nutrition status of esophagec-
tomy patients has been correlated with increased com-
plications postoperatively. Even when compared to other 
major gastrointestinal surgeries, esophagectomy patients 

appear to be at highest risk (6,7). Tashiro et al. investi-
gated the metabolic changes following esophagectomy 
in comparison to gastric or colorectal cancer surgery. 
Esophageal cancer patients undergoing surgery had the 
greatest increase in protein loss over both gastric and 
colorectal surgery (7). 

 The etiology of malnutrition in esophageal cancer 
is multifactorial. Tumor location, stage, tissue type, and 
timing of presentation, as well as the metabolic altera-
tions related to the tumor burden have a role in the high 
frequency of malnutrition observed in this population. 
Dysphagia, altered taste, severe refl ux, anorexia, and 
 altered gastric motility also contribute to a malnourished 
state secondary to diminished food intake (3). Nutrient 
metabolism and appetite are negatively infl uenced by 
altered proinfl ammatory and catabolic hormone levels, 
neuropeptides, cytokines, and neurotransmitters that 
are associated with the tumor burden (3,5). In addition 
to the local and systemic effects of esophageal tumors, 
treatment of esophageal cancer also adversely affects 
nutrition status. Neoadjuvant therapy often  results in 
food aversions, odynophagia with  mucositis, xerostomia, 
nausea, vomiting, diarrhea, dehydration, and pain. Sur-
gery commonly results in altered gastric motility, early 
satiety, odynophagia, and pain (3).  Because of the high 
risk of malnutrition developing during the treatment of 
esophageal cancer, pretreatment nutrition screening and 
assessment is recommended to  optimize the patients’ 
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TABLE 60.1
Signs of Malnutrition

BMI < 18.5 kg/m2

Unintentional weight loss > 10% in 3 to 6 months.
BMI < 20 kg/m2 + unintentional weight loss > 5% in
 3 to 6 months
Minimal to zero oral intake > 5 days
Disease or altered functional status (cancer, dysphagia)
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 response to treatment and minimize  perioperative mor-
bidity and mortality. 

 NUTRITION ASSESSMENT 

 Nutrition Screening 

 The purpose of nutrition screening is to identify patients 
with nutrition risk who are more likely to benefi t from 
nutrition assessment and intervention (8). More than 
50 published screening tools are available that evalu-
ate and score a variety of criteria, such as weight loss, 
changes in appetite, gastrointestinal complaints, chewing 
or swallowing dysfunction, lab parameters, and psycho-
logical and functional status (8–10). The patients’ scores 
from the screening tools identify their nutrition risk, and 
a referral for nutrition assessment of those deemed mod-
erate to high risk for malnutrition is strongly recom-
mended. The Nutritional Risk Screening incorporates 
measures of potential undernutrition and disease sever-
ity (major surgery, malignancy, chronic disease, and so 
on) and is the preferred screening tool for hospitalized 
patients in Europe (4,11). The Subjective Global Assess-
ment (SGA) has also been investigated as a viable nutri-
tion screening tool in the surgical population (12). The 
components of the SGA include weight changes, changes 
in dietary intake, gastrointestinal symptoms, and func-
tional capacity (9,12). The Nutrition Risk Index (NRI) 
is a simple equation using albumin and weight loss. The 
NRI and the SGA have been shown to be predictive for 
malnutrition and postoperative complications in patients 
undergoing major abdominal surgery (12,13). 

 Recently revised Joint Commission on Accredita-
tion of Healthcare Organizations (JCAHO) standards 
require all hospitalized patients to be screened for nu-
trition risk within 24 hours of admission. However, the 
standards clearly do not apply to the complex gastro-
intestinal (GI) surgical patient where perioperative nu-
trition therapy is often necessary to optimize outcome 
and reduce risk (14,15). Despite emphasis on nutrition 
screening related to the standards of the JCAHO, there 
is no consensus on the best method for screening at-
risk patients (5,9,10–16). Table 60.2 provides examples 
of commonly used nutrition screening tools in surgical 
populations. 

 Nutrition Assessment 

 Nutrition assessment is a comprehensive evaluation of 
patient data, including nutritional adequacy, health sta-
tus, and functional and behavioral status (Table 60.3), 
for those patients who are identifi ed at nutrition risk 
(8). Nutritional adequacy data describe dietary hab-
its and adequacy of nutrient intake (3,8). Appropriate 
evaluation of the health status provides information 
regarding anthropometric data, laboratory data, and 
physical and clinical information. Examples of physical 
information include the severity of symptoms related to 
tumor or treatment and its impact on nutritional sta-
tus (3). Clinical data include pertinent medical history 
or medications that also impact nutritional status (3). 
Biochemical parameters or laboratory data are particu-
larly signifi cant in preoperative nutrition assessment (3). 
Studies have demonstrated that in the preoperative set-
ting serum albumin remains the single best indicator of 
postoperative complications (2,6,17,18). Kudsk et al. 
used albumin levels to stratify nutritional risk. In this 
retrospective cohort study, the authors reported that 
albumin levels are relatively accurate and inexpensive 
indicator of potential morbidity (6). They also noted 
that the signifi cance of preexisting hypoalbuminemia is 
underrecognized and therefore undertreated. They rec-
ommended that in esophageal, gastric, and pancreatic 
surgery, when albumin is below 3.25 g/dL, the operation 
should be postponed whenever possible for additional 
nutritional and metabolic support (2,6,14). Although 
albumin is a valuable marker for preoperative assess-
ment and postoperative outcomes, a valid interpretation 
of serum proteins requires careful consideration of all 
the factors that may infl uence their result, particularly in 
the postoperative period. The decreased serum albumin 

TABLE 60.2
Nutrition Screening Tools

Malnutrition Universal Screening Tool (MUST)
Mini Nutritional Assessment (MNA)
Nutritional Risk Index (NRI)
Nutritional Risk Screening (NRS)

TABLE 60.3
Features of Nutrition Assessmenta

Nutritional adequacy
 •  Dietary history/detailed nutrient intake
Health status
 •  Anthropometric measurements (height, weight, and 

weight changes)
 •  Biochemical measurements (visceral proteins, 

 lymphocyte count, and liver function tests)
 •  Physical and clinical conditions (physiological and 

disease status)
Functional and behavioral status
 •  Social and cognitive function
 •  Psychological and emotional factors
 •  Quality-of-life measures
 •  Change readiness

aAdapted from Lacey and Pritchett (8).
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and prealbumin levels observed immediately following 
esophagectomy or any major insult are due to hepatic 
reprioritization of protein synthesis, volume shifts, and 
the associated infl ammatory response rather than mal-
nutrition (2,3,16). Hydration status, renal function, liver 
function, and corticosteroids can infl uence serum protein 
levels separately from nutrition status as well (2,3,16). 
Despite the availability of numerous global assessment 
tools, visceral proteins, and various combinations of 
the two, no single tool or laboratory value consistently 
yields information that would alter nutritional practice 
in the acute setting (14). 

 CANDIDATES FOR NUTRITION THERAPY 

 Nutrition intervention is recommended for patients 
identifi ed at nutrition risk or those who will undergo 
treatments that may potentially contribute to malnutri-
tion. In addition to the criteria previously mentioned 
(unintentional weight loss [Table 60.1] and serum pro-
teins), stages 3 to 4 disease, poor performance status, 
and advanced age (> 70) are additional factors that may 
indicate the need for nutrition support (1). Nutrition 
therapy should also be considered when neoadjuvant 
treatment is planned prior to surgery in patients with 
preexisting malnutrition. 

 Recent studies have reported that appropriate nu-
tritional therapy preceding neoadjuvant treatment mini-
mized weight loss, improved treatment tolerance, and 
was associated with fewer hospital admissions (19–22). 
The American Society for Parenteral and Enteral Nutri-
tion (A.S.P.E.N.) practice guidelines for nutrition sup-
port of adults with cancer is described in Table 60.4. 

 NUTRIENT REQUIREMENTS 

 Indirect calorimetry is considered the gold standard 
for determining calorie requirements; however, it is not 
widely available. General A.S.P.E.N. guidelines recom-
mend 25 to 35 kcal/kg/d and 1.75 to 2.25 g protein/kg 
in cancer patients. The upper end of the range is rec-
ommended for patients who are hypermetabolic, are 
severely stressed, have wounds, or need to gain weight 
(3). Cancer cachexia, which is commonly present in the 
malnourished esophageal cancer patient with advanced 
disease, signifi cantly alters nutrient metabolism and re-
quirements. Cancer cachexia is the result of poorly un-
derstood complex catabolic processes. It is described by 
loss of lean body tissue, adipose tissue, and metabolic 
reserves. Nutrient repletion and/or reversal of lean body 
mass is nearly impossible with nutrition alone (23). The 
nutrition-specifi c treatments for patients with cancer ca-
chexia are beyond the scope of this chapter, but several 

nutrients and protocols have shown potential benefi t. 
These include appetite regulatory hormone manipula-
tion and the use of an enteral formula containing omega-
3 fatty acids (EPA and DHA) with various proteins and 
amino acid combinations (24–29). 

 NUTRITION THERAPY IN 
ESOPHAGEAL CANCER 

 Nutrition therapy may include oral nutrition supple-
ments, enteral tube feeding, or parenteral nutrition. A 
regimen for nutrition therapy in malnourished patients 
should be considered in the initial stages of treatment 
planning. Appropriate perioperative nutrition therapy 
can reduce postoperative complications (30). Although 
minimal, nutrition support therapies are not without 
risk, these risks must also be considered when planning 
nutrition therapy. 

 ORAL NUTRITION SUPPLEMENTS 

 Standard oral nutrition supplements are generally the 
fi rst choice for those patients able to tolerate oral in-
take. Oral supplements range from commercially pre-
pared products, some containing immune modulating 

TABLE 60.4
A.S.P.E.N. Guidelines for Nutrition Support of 

Adults With Cancer (33)a

1.  Specialized nutrition support (SNS) should not be 
used routinely in patients undergoing major cancer 
operations.

2.  Preoperative SNS may be beneficial in moderately or 
severely malnourished patients if administered for 
7 to 14 days preoperatively, but the potential benefits 
of nutrition support must be weighed against the 
 potential risk of the SNS itself and of delaying 
the operation.

3.  SNS should not be used routinely as an adjunct to 
chemotherapy.

4.  SNS should not be used routinely in patients 
 undergoing head and neck, abdominal, or pelvic 
irradiation.

5.  SNS is appropriate in patients receiving active anti-
cancer treatment who are malnourished and who are 
anticipated to be unable to ingest and/or absorb 
adequate nutrients for a prolonged period of time.

aAdapted from A.S.P.E.N. Board of Directors and the Clinical 
Guidelines Task Force. Guidelines for the use of parenteral and 
enteral nutrition in adult and pediatric patients. J Parenter 
Enteral Nutr. 2002;26:1SA–137SA.



484 V • THERAPY

nutrients, to homemade shakes and fortifi ed foods. In 
recent randomized control trials, severely malnourished 
surgical patients that received standard oral nutrition 
supplements preoperatively experienced less weight loss 
and suffered fewer minor postoperative  complications 
than those who were not supplemented (31,32). Little 
evidence supports the use of standard oral nutrition 
supplements for preoperative patients who are not 
malnourished. 

 Adequate volitional oral intake is generally not re-
sumed for 7 to 10 days following esophagectomy. Once 
oral intake is tolerated after esophagectomy, oral supple-
ments may have a role in providing adequate nutrition 
postoperatively. 

 ENTERAL NUTRITION 

 Enteral nutrition (EN) is preferred in malnourished pa-
tients who are unable to meet their needs through oral 
intake, so they can successfully obtain enteral access and 
have a functioning gastrointestinal tract. Few absolute 
contraindications exist for enteral feeding. Thorough as-
sessment of the patient’s medical status and anatomy is 
required to decipher absolute and/or relative contraindi-
cations for enteral feeding. Contraindications to enteral 
feeding in the esophageal cancer patient are commonly 
associated with the inability to access the GI tract. Tim-
ing, formula selection, and dosing of EN have become 
key concepts when considering nutrition therapy (2,13). 
Standardized enteral feeding protocols have emerged 
to successfully guide these nutrition therapy concepts 
(33–36). 

 Timing 

 EN should be initiated as soon as appropriate prior to 
neoadjuvant therapy and/or surgery for patients who 
are unable to meet nutrition needs through oral intake. 
Postoperatively, feeding should be started as soon as the 
patient is hemodynamically stable and adequately resus-
citated. Most protocols reporting benefi t start enteral 
feeds at low rates (10–20 cc/h) within 48 hours of sur-
gery and slowly advance feeds by 10 to 20 cc/h every 12 
to 24 hours until goal rates are obtained. Randomized 
controlled trials have clearly shown that early (within 
24–48 hours postoperatively) EN decreases infectious 
complications and lengths of stay (37,38). Favorable ef-
fects of early EN include improved immune competence, 
improved nitrogen balance and wound healing, better 
substrate utilization, decreased hypermetabolic response 
to injury, prevention of mucosal atrophy, and preserva-
tion of gut fl ora (2,13,37–41). Enteral feeding should 
not be started in the hemodynamically unstable patient. 

 Formula Selection and Dosing 

 Formula selection is dependent on the patient’s nutrient 
requirements, digestive and absorptive capacity, disease 
state, organ function, and the route of administration of 
enteral feeding (3). Generally a standard high protein en-
teral formula (1 cal/mL) is used for patients needing en-
teral support prior to neoadjuvant treatment prescribed 
at 25 to 35 kcal/kg. The current literature would support 
the use of preemptive immune or metabolic modulating 
therapy for 5 to 7 days preoperatively (3 servings, or 
~750 mL of an immune-modulating formula containing 
arginine and omega-3 fatty acids from fi sh oil sources) is 
preferred (42). Immune and metabolic modulating for-
mulas and nutrients are described in detail later in this 
chapter. If an immune modulating formula is not avail-
able preoperatively, then an immune modulating for-
mula can be used in the immediate (within 24–48 hours) 
postoperative period for approximately 7 to 10 days 
(40,42). If the immune-modulating formulas are not 
available, a standard complete high-protein tube feed-
ing with adequate vitamins and trace elements should be 
used. Initial postoperative calorie recommendations are 
conservative, ~20 to 25 kcal/kg for the fi rst 5 to 7 days. 
During the initial days postoperatively, the primary goal 
is not caloric adequacy but delivery of nutrients that en-
hance immune and metabolic function as well as main-
tain the mucosal barrier and gut-associated lymphoid 
tissue (11,37,39,43). Calories from EN are titrated to-
ward 30 to 35 kcal/kg as appropriate for anabolism and 
postoperative healing following the fi rst week. 

 Enteral Feeding Protocols 

 Standardized enteral feeding protocols guide appropriate 
selection, timing, dosing, and monitoring of EN. A well-
designed enteral feeding protocol will provide consis-
tency in nutrition therapy and aid in eliminating barriers 
to feeding, such as delayed initiation and unnecessary 
holding or stopping. Enteral feeding protocols also act 
to heighten awareness regarding possible signs of intol-
erance (33–36). Recent studies of patients in an intensive 
care unit (ICU) in which a standardized, evidence-based 
feeding protocol was implemented reported shortened 
duration of mechanical ventilation and a reduced moral-
ity (35,36). EN may be initiated once the patient is fully 
resuscitated and is hemodynamically stable, within 24 
to 48 hours postoperatively. Giuseppe et al. published 
their protocol in 2005 for jejunostomy feedings follow-
ing esophagectomy (44). Standard tube feeding is started 
12 hours postoperatively at 30mL/h advancing 20mL/h 
every 5 hours to a max rate of 110mL/h (44). Published 
protocols vary in rate of advancing feeds postopera-
tively. The authors of this chapter take a more conserva-
tive approach in the early postoperative period and start 
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feeding within 24 to 48 hours, following adequate stabi-
lization and resuscitation, at 10 mL/h and then advance 
infusion rates slowly over 2 to 5 days to reach protein 
and caloric goals. Caloric delivery is not the prime ob-
jective with early postoperative feeding. The feeding is 
done primarily to help maintain the mucosal border in-
tegrity and gut-associated immune function (39). Care-
ful patient assessment and evaluation is required for the 
appropriateness of feeding advancement regardless of 
protocol guidelines. 

 IMMUNE/METABOLISM-MODULATING 
ENTERAL FORMULAS 

 Over the past several decades, numerous animal and 
human models have shown that certain individual nu-
trients are able to modulate immune function. These 
specifi c nutrients have been shown to provide added 
benefi t above and beyond their role in routine metabo-
lism. Most of the current focus appears to involve the 
nutrients arginine, glutamine, omega-3 fatty acids, and 
nucleotides (40). As a result of these promising animal 
and now multiple clinical studies, several enteral for-
mula manufacturers have developed and are marketing 
immune-modulated enteral formulas. These formulas 
have been shown to improve clinical outcomes by de-
creasing infectious complications, shortening hospital 
length of stay, and minimizing wound complications. 
These benefi ts have been shown in high-risk surgical 
and/or critically ill patients (41,42,45–47). The im-
mune-modulating formulas commercially available all 
vary slightly in the quantity and quality of the ‘‘neutra-
ceuticals’’ they contain. More than 36 human studies 
have been conducted to determine if surgical, medical, 
or critically ill patients experience risk reduction or 
benefi cial outcomes as a result of receiving these for-
mulations (48,49). Results of these studies vary, but the 
general consensus of all 5 meta-analysis done to date in 
surgical patients is that they have benefi t (50). These 
studies have been extensively scrutinized for variables 
including lack of feeding comparisons, lack of homo-
geneous study population, and the manner in which 
the data were analyzed. Despite the minor study de-
sign variations, most of these studies show clear benefi t 
of reduced rates of infection, decreased antibiotic use, 
lowered incidence of intra-abdominal abscesses, and 
reduced ICU and hospital length of stay (40). The vast 
majority of the 36 currently published peer-reviewed 
studies report benefi t in the surgical population with 
only a few reporting no signifi cant change (51,52). 
In addition to the more than 36 individual studies, 
5 meta-analyses have now been completed, all show-
ing similar outcome benefi t in the surgical population 
(48,49,51,53). 

 SPECIFIC NUTRIENTS OF INTEREST 

 The exact nutrient makeup for the ICU and immediate 
postoperative period remains a relatively controversial 
topic. More than 200 enteral formulas are currently 
available for use, and several are considered appropri-
ate for the ICU and postoperative esophageal surgical 
patient. 

 Arginine 

 Arginine is classifi ed as a conditionally essential amino 
acid, indicating that in stress situations inadequate 
amounts are available to meet the accelerated demand. 
Studies indicate that supplemental arginine is benefi cial 
in wound healing, immune response, and enhancing net 
nitrogen balance (54). The exact mechanism for these 
benefi ts remains open for some speculation. Arginine 
has been reported to infl uence several systems from va-
somotor tone to maintaining immune function through 
its action in lymphocytes. Arginine is also a potent stim-
ulant of growth hormone, glucagon, prolactin, and in-
sulin release (55). Arginine is also the only precursor for 
nitric oxide, a highly reactive molecule synthesized from 
arginine by the action of 1 of the 3 isoforms of nitric 
oxide synthase resulting in the formation of nitric oxide 
and citrulline (55). Nitric oxide is a ubiquitous molecule 
with important roles in the maintenance of vascular 
tone, coagulation, the immune system, and the GI tract 
and has been implicated as a factor in disease states as 
diverse as sepsis, hypertension, and cirrhosis (55). 

 Glutamine 

 Glutamine is the other conditionally essential amino 
acid that has recently gained even greater support in the 
surgical and critical care arena. Over the past 20 years, 
glutamine has been reported to offer a myriad of benefi ts 
in surgical patients, including maintenance of acid/base 
balance, provision of primary fuel for rapidly prolifer-
ating cells (i.e., enterocytes and lymphocytes), being a 
precursor in the synthesis of glutathione and arginine, 
attenuation of the oxidant stress, decreasing peripheral 
insulin resistance, enhanced stress protein response, 
 attenuation of the infl ammatory response, and its func-
tion as a key substrate for gluconeogenesis (56). Recent 
evidence that glutamine can induce heat-shock protein 
is yet another benefi cial molecular effect of this amino 
acid (57). The heat-shock proteins are a class of cellu-
lar chaperone proteins that support appropriate pro-
tein folding (58). With glutamine-enhancing heat-shock 
 protein, the cell is able to better protect itself from sub-
sequent stress. 
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 Lipids 

 Understanding lipid modulation of the metabolic re-
sponse in the surgical and critical care setting is ham-
pered by the fact that lipids are traditionally given as one 
of many active components of an immune-enhancing 
formula. When delivered with multiple other immune-
modulating nutrients, determining the exact contribu-
tion of the lipid component is virtually impossible. This 
is made even more confusing by recent data demon-
strating that the omega-3 fatty acid eicosapentaenoic 
acid modulates arginine metabolism (59). The omega-
3 fats found in fi sh oil (DHA and EPA) have multiple 
benefi cial effects in the perioperative period, including 
modulation of leukocyte function and regulation of in-
fl ammatory cytokine release through nuclear signaling 
and gene expression (60). Leukotrienes, thromboxane, 
and prostaglandins derived from omega-6 lipids have 
demonstrated a much higher proinfl ammatory response 
than that associated with the omega-3 class (61). The 
omega-3 lipids have recently been reported to enhance 
the production of a new group of prostaglandin deriva-
tives called resolvins and neuroprotectins (62). These 
new compounds play a role in accelerating the resolu-
tion of the proinfl ammatory state (63). Abundant data 
report the infl uence of omega-3 fats on nuclear signal-
ing and gene expression (60). For example, polyunsatu-
rated fatty acids interact with various nuclear receptor 
proteins, such as peroxisome proliferator–activated 
receptor, which then infl uence nuclear factor kappa B 
and gene expression. In effect, by decreasing nuclear 
factor kappa B migration into the nucleus, omega-3 
fats down-regulate the proinfl ammatory response to 
stressful stimuli (61). Heller et al. (64) recently reported 
that omega-3 fatty acids given intravenously at a dose 
of 0.11 g/kg/d for a mean of 8.7 days demonstrated a 
decrease in mortality in 661 surgical and ICU patients, 
many of which were esophageal surgery patients. The 
route of delivery of omega-3 fats is important to keep 
in mind; when given enterally, it takes approximately 
3 days to achieve adequate omega-3 fat levels in the 
cellular membrane. However, when given parenterally, 
a clinically relevant response can be achieved in 1 to 3 
hours (60). 

 In summary, the literature strongly supports the 
concept that immune-modulated formulas may be ben-
efi cial in esophageal surgery patients. The patients who 
appear to benefi t the most are those who will undergo or 
have undergone complicated esophageal resections, who 
are malnourished preoperatively, or who have a history 
of previous major GI surgery (40). Although these for-
mulas have shown consistent reduction in length of ICU 
and hospital stay and reduction in infectious complica-
tions, they have not shown a decrease in mortality in all 
populations. 

 ENTERAL VERSUS PARENTERAL 
NUTRITION THERAPY 

 EN offers multiple structural, functional, and metabolic 
benefi ts compared to parenteral nutrition (PN) (Table 
60.5). Current literature supports the use of PN only 
when EN is not feasible or has failed. However, esopha-
geal cancer and its treatment, either surgical or medical, 
sometimes results in the need for supplemental total PN 
to supply timely adequate nutrition support. 

 Randomized controlled trials evaluating perioper-
ative PN and EN have generally reported fewer infec-
tions and reduced hospital stays in the EN-fed groups 
(30,65,66). Takagi et al. (67) evaluated isocaloric PN 
versus EN in esophagectomy patients from 1 week prior 
to 2 weeks following surgery. Serum IL-6, IL-10, and 
endotoxin concentration were measured before, dur-
ing, and at 2 h and 1, 3, and 7 days after the operation. 
Serum IL-6 and endotoxin concentration were signifi -
cantly lower in the EN group than in the PN groups 
on the third and seventh days (67). In another study of 
esophagectomy patients, early postoperative EN was 
compared to PN. EN patients had shorter lengths of 
stay and recovered bowel function more quickly than 
PN patients (66). Although the results of these stud-
ies are comparable to other randomized controlled tri-
als in surgical populations, the small sample sizes and 
methods lead to study limitations. Clearly the enteral 
route of nutrition is the preferred method whenever 
possible. 

 TUBE FEEDING ACCESS 

 The appropriate access device is dependent on the pa-
tient’s medical and surgical history, anatomy and function 
of the digestive tract, and expected duration of therapy. 
Multiple tube feeding devices are available; however, the 
most commonly used will be described. 

TABLE 60.5
Benefits of Enteral Nutrition (4)a

Helps maintains normal gastrointestinal 
 function and flora
Maintains mucosal barrier
Provides physiological nutrients not available in PN
Improves immune response
Reduced cost compared to PN

aAdapted from A.S.P.E.N. Nutrition Support Core Curriculum: 
A Case-Based Approach. A.S.P.E.N., 2007.
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 Nasoenteric Feeding Tube Placement 

 Nasoenteric feeding tubes can be placed at the bedside 
using standardized protocols, endoscopically, or under 
fl uoroscopic guidance to the stomach or small intestine 
(duodenum or jejunum) (68). Nasoenteric feeding tube 
placement is the preferred method when duration of 
nutrition therapy is expected to be less than 4 weeks 
and the esophagus is not completely occluded. A recent 
study showed successful placement of nasoenteric feed-
ing tube placement by using an ultrathin transnasal en-
doscope in esophageal cancer patients when traditional 
methods failed (69). Nasoenteric feeding tube placement 
is generally the preferred access device by surgeons for 
appropriate patients awaiting esophagectomy. Nasoen-
teric feeding tubes are not without disadvantages, as 
they can be inconvenient for the patient, cause nasal 
irritation, slightly increase the risk of sinusitis, and clog 
frequently because of the small tube size and can be 
easily dislodged (70). 

 Percutaneous Endoscopic Gastrostomy 

 Percutaneous endoscopic gastrostomy (PEG) is not 
widely used in esophageal cancer because of concerns 
about altering the stomach as a suitable esophageal re-
placement, transversing the esophageal tumor with the 
endoscope, and potentially inoculating tumor metastasis 
to the abdominal wall. Despite these concerns, Margo-
lis et al. showed that PEG placement in patients with 
esophageal cancer receiving neoadjuvant therapy fol-
lowed by surgical resection may be safe and does not 
compromise the stomach as a conduit (70). Sixty-one 
patients received PEG placement prior to surgical resec-
tion without evidence of compromise to the gastric con-
duit. Of signifi cance was the ability of the PEG patient 
to attain target doses of chemotherapy and radiation 
prior to surgical resection better than the non-PEG pa-
tients (70). Another retrospective review of patients with 
upper aerodigestive tract cancer also showed improved 
outcome for patients with early nutrition via PEG at the 
start of cancer treatment (71). Eighty out of 85 PEGs 
were successfully placed by Hujala et al. in early stages 
of treatment planning for esophageal cancer (72). The 
majority of these PEGs were placed by an otorhinolar-
yngologist who performed additional diagnostic proce-
dures during the pretreatment work-up, such as open 
biopsy and panendoscopy (72). 

 A suitable gastric conduit appears a valid concern; 
however, the benefi ts of enhancing perioperative nutri-
tion and attainment of target neoadjuvant therapy may 
outweigh the risk of PEG placement. An interdisciplin-
ary approach is imperative to highlight the patient’s 
medical background and surgical plan prior to PEG 

placement to optimize location and avoid compromise 
of the conduit. 

 Jejunostomy 

 In certain circumstances, nasoenteric or PEG feeding 
tube placements are not possible in esophageal cancer 
preoperatively because of esophageal obstruction. Jen-
kinson et al. places laparoscopic feeding tubes at the 
time of standard laparoscopic staging with success re-
sulting in minimal complications or added cost (22). 

 Nearly 50% to 60% of esophagectomy patients 
require nutrition support for more than 10 days follow-
ing surgery (67). For this reason, as well as the multiple 
benefi ts of EN discussed earlier in this chapter (Table 
60.5), feeding jejunostomy or feeding access to the 
small bowel at the time of esophagectomy is strongly 
recommended. 

 In 1994, Gerndt and Orringer described successful 
placement of jejunostomy feeding tubes in a large retro-
spective review with a low complication rate of 2.1% 
(73). Giuseppe et al. also described safe and successful 
jejunostomy feeding tube placement in 262 patients with 
a comparably low complication rate of 1.5% (44). In a 
recent population-based study, patients receiving post-
operative jejunostomy feeding tube placement had a re-
duced risk of postoperative weight loss compared to the 
group without jejunostomy feeding tube placement (74). 
Although the general consensus in the literature favors 
feeding tube placement at the time of open esophagec-
tomy, the use of jejunostomy feeding tube placement 
as routine practice still varies among institutions. The 
growing trend toward laparoscopic esophagectomy may 
decrease the need for small-bowel feeding access at the 
time of surgery as these patients appear to have earlier 
return of bowel function and fewer postoperative nu-
tritional issues, from early personal observations at our 
institution. 

 POSTOPERATIVE DIET ADVANCEMENT 

 The typical diet advancement following esophagectomy 
begins with liquids and transitions to soft semisolids or 
pureed diet over the course of 4 to 6 weeks. Eventu-
ally, the esophagectomy patient may be able to tolerate 
a near normal diet. Small frequent meals and remaining 
upright following mealtime are key recommendations to 
promote adaptation in the postoperative period. Table 
60.6 provides general diet recommendations following 
esophagectomy. Dysphagia, refl ux, appetite loss, and 
postoperative dumping are symptoms that often occur 
postoperatively and can adversely affect postoperative 
nutrition status (75). A speech language pathologist as 
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well as the dietitian play an integral role in modifying 
the diet according to food texture and nutrient needs 
throughout the course of recovery. 

 CONCLUSION 

 The importance of nutrition in the perioperative man-
agement of the esophageal cancer patient cannot be 
understated. It is now abundantly clear that EN is the 
preferred route of nutrition therapy in the perioperative 
period for esophageal cancer patients. Studies suggest 
that immune-modulating formulas may provide signifi -
cant benefi t over standard formulas for patients under-
going esophagectomy. Several studies now support the 
concept “preoperative loading of the cell” with meta-
bolically active nutrients may offer additional benefi t in 
optimizing outcomes. Early identifi cation of malnour-
ished esophageal cancer patients and a multidisciplinary 
approach to treatment will optimize outcomes. 

TABLE 60.6
General Diet Guidelines Following Esophagectomy

1. Eat 5 to 6 small meals per day
2. Sit upright while eating
3. Remain upright for 45 to 60 minutes after eating
4. Take small bites and chew food thoroughly
5. Drink no more than ½ cup of liquid with meals
6. Avoid concentrated sweets
7.  Supplement meals with high-calorie milkshakes if 

having difficulty maintaining weight
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   61  Surgery Techniques: 
Management of Benign 
Esophageal Tumors 

enign tumors of the esophagus are 
on the whole rather rare, making 
up only approximately 1% of all 
esophageal tumors. These tumors 
are a heterogeneous group, and as 

such the surgical management, when indicated, may take 
a variety of approaches. The choice of these  depends on 
factors such as whether they are symptomatic and their 
type, size, and location, and they range from endoscopic 
resection to esophagectomy. Because of this, it will be 
most useful to discuss the surgical techniques in the con-
text of the different types of benign esophageal tumor 
that may be encountered. 

 LEIOMYOMA 

 Esophageal leiomyomas are the most common benign 
intramural esophageal tumors. These are rare and ac-
count for only 0.4% of all esophageal tumors (1).   They 
represent about 10% of all gastrointestinal leiomyomas. 
In autopsy series, their incidence is reported to be be-
tween 0.006% and 0.1%. They are more common in 
men (ratio of 2:1), they are mostly solitary, and 90% 
of them occur in the lower two-thirds of the esopha-
gus (1).   Diffuse esophageal leiomyomatosis is uncom-
mon (2,3).   Malignant transformation of leiomyomas 
has been reported rarely (0.2%) (4).   These tumors are 

typically asymptomatic and are discovered incidentally. 
They generally tend to cause symptoms when the size 
reaches 5 cm or more. 

 PREOPERATIVE  WORK-UP 

 Imaging 

 Asymptomatic leiomyomas are usually discovered when 
an abnormal chest radiograph prompts further work-up. 
However, chest X-rays are neither sensitive nor specifi c 
enough to detect leiomyomas. 

 Because of its inexpensive and noninvasive nature, 
barium swallow is the most commonly used imaging 
modality for esophageal leiomyomas as well as other be-
nign esophageal tumors. These tumors usually appear as 
round, elevated fi lling defects with clearly demarcated 
margins between esophagus and tumor. There is usually 
no ulceration of overlying mucosa (Figure 61.1). 

 Computed tomography (CT) scanning can be help-
ful in planning surgical therapy. CT demonstrates the 
relationship of the mass with surrounding organs; yields 
information regarding tumor size, location, and inva-
sion into surrounding structures; and differentiates be-
tween extrinsic compression and masses intrinsic to the 
esophagus. However, CT does not as readily differenti-
ate between solid and cystic masses and cannot image 
the layers of the esophageal wall. 

 B
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 Endoscopy and Endosonography 

 Endoscopy should be performed in all patients suspected 
of harboring this lesion to better ascertain the diagno-
sis, defi ne its characteristics, and determine the exact 
location. The 4 endoscopic fi ndings characteristic of 
leiomyoma include the following: the overlying mucosa 
appears normal and intact, the tumor projects into the 
lumen of the esophagus, the tumor is freely mobile as 
is the overlying mucosa over the lesion, and no stenosis 
or obstruction of the lumen is present. Biopsy of a leio-
myoma is not necessary and may increase the chance 
of perforation (at the time of operation), bleeding and 
infection (5,6).   

 Endoscopic ultrasound (EUS) may be employed to 
ascertain the layer of origin of the tumor. On EUS, leio-
myomas appear as well circumscribed, homogeneous, 
hypoechoic masses with smooth borders. However, EUS 
does not differentiate between benign and malignant 
masses. Some researches have advocated the use of EUS-
guided fi ne-needle aspiration (EUS-FNA) of the mass to 
determine its malignant nature. A multicenter prospec-
tive trial that included a series of 115 gastrointestinal 
(GI) tract lesions reported that the sensitivity, specifi city, 
and accuracy of EUS-FNA in diagnosing neoplastic GI 
tract lesions were 61%, 79%, and 67%, respectively (7).   

While EUS-FNA potentially adds to the diagnostic accu-
racy of EUS alone, further studies are needed to evaluate 
the utility of this technique. 

 THERAPY 

 Treatment options for esophageal leiomyomas include 
endoscopic resection, minimally invasive surgical ap-
proaches, and open resection. Each is discussed next. 

 Endoscopic Resection 

 Endoscopic approaches utilized in the treatment of esoph-
ageal leiomyomas include polypectomy, rubber band liga-
tion, and tumor ablation (8).   However, these treatment 
options are constrained by a number of technical factors, 
such as tumor size, origin, and shape. The advent of EUS 
allows for more precise characterization of esophageal le-
sions. Esophageal leiomyomas can originate from either 
the muscularis mucosa or the muscularis propria. Leio-
myomas originating from the former are usually small 
protruding masses like a polyp, less than 2 cm in size, 
and usually discovered incidentally. These are the most 
amenable to endoscopic techniques. Therefore, most 
agree that EUS is necessary to confi rm the origin of these 
tumors from the muscularis mucosa rather than the mus-
cularis in order to attempt endoscopic resection (9,10).   

 Kajiyama et al. fi rst described the use of endoscopic 
techniques in the treatment of esophageal leiomyomas 
in 1995 (11).   Two years later, Hyun et al. reported their 
series of 62 patients who underwent endoscopic resec-
tion by either polypectomy or incisional enucleation 
(12).   The mean tumor diameter was 19 mm with one 
tumor reported to be 7 cm. Wehrmann et al. reported 
their experience with endoscopic resection in 20 patients 
with   biopsy-proven benign esophageal tumors. The mean 
tumor size was 17 ± 8 mm. In the majority of patients, the 
tumor was ligated with a rubber band and resected with 
a snare (n = 11), while others required simple snare resec-
tion (n = 7) or cap resection (n = 2). In all but 2 patients 
was a complete resection (R0) possible. None of the pa-
tients had signifi cant bleeding after the procedure (13).   

 To perform polypectomy, the tumor is fi rst sepa-
rated from the submucosal layer by injection of a hyper-
tonic solution of 10% glycerol, 5% fructose, and saline. 
The tumor is then suctioned into a transparent cylinder, 
and a snare wire is closed around the lesion. Alterna-
tively, ethanol injections can be employed to cause ne-
crotic exfoliation of the tumor. 

 Although they are the least invasive, endoscopic 
approaches are not widely used. Most of these tumors 
do not lend themselves to endoscopic resection, as they 
span the entire wall, tend to protrude outside as well 

FIGURE 61.1

Barium radiograph of a large distal esophageal leiomyoma.
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as inside, and there is a potential risk of hemorrhage 
and perforation. Ultimately it is indicated only for those 
tumors originating from the muscularis mucosa, and 
therefore this technique cannot be advocated for all 
esophageal leiomyomas. 

 Minimally Invasive Surgery 

 Tumors less than 7 cm in size can be resected through ei-
ther a thoracoscopic or laparoscopic approach. Usually, 
tumors in the distal third of esophagus and the gastro-
esophageal junction (GEJ) are approached laparoscopic-
ally, while tumors in the middle third of the esophagus 
are approached thoracoscopically via the right chest. 
The thoracoscopic approach requires intubation with a 
double-lumen tube to exclude the right lung by selective 
ventilation. An on-table endoscopy should be performed 
to confi rm the location of the tumor by transillumination. 
It is also useful to perform endoscopy after resection to 
confi rm the integrity of the esophageal mucosa. 

 The patient is placed in a left lateral decubitus po-
sition with the surgeon standing behind the patient and 
the assistant in front. Four ports are placed as follows: a 
10-mm camera port in the eighth intercostal space in the 
midaxillary line, another 10-mm port in the fourth in-
tercostal space in the anterior axillary line, and 2 5-mm 
“working ports” posterior to the posterior axillary line. 

 The inferior pulmonary ligament is divided by 
ultrasonic shears, and the lung is retracted anteriorly 
and away from the esophagus. The mediastinal pleura 
overlying the esophagus is now exposed and divided 
(Figure 61.2). To facilitate intraoperative localization of 
the tumor, a fl exible endoscope or an esophageal bou-
gie can be used. Another alternative is to use a balloon-
mounted endoscope to facilitate protrusion of the tumor 
from the esophageal wall. The longitudinal fi bers of the 

FIGURE 61.2

Thoracoscopic view of esophageal leiomyoma after exposure 
and mobilization of the esophagus.

FIGURE 61.3

Myotomy made to expose esophageal leiomyoma and begin 
enucleation.

FIGURE 61.4

Thoracoscopic enucleation of esophageal leiomyoma.

 muscularis propria overlying the tumor are then divided 
with electrocautery (Figure 61.3). The plane between the 
tumor and the esophagus is developed using a combina-
tion of blunt and sharp dissection (Figure 61.4). Once 
the tumor is completely enucleated, it is removed using a 
retrieval bag. The tumor bed is then inspected to assess 
the integrity of the mucosa. Insuffl ation of the esophageal 
lumen with air while it is submerged under water may 
help identify small leaks. Any gaps in the mucosa are re-
paired primarily. The muscle layer is then reapproximated 
with a nonabsorbable suture (Figure 61.5).  Occasionally 
one may fi nd that the tumor is not just round but has 
 horseshoe-type extensions around one side or the other 
of the esophagus. While these tumors can still be resected 
using minimally invasive approaches, the dissection is 
much more complex. After removing the tumor, a 28-Fr 
chest tube is left in place through one of the port sites. 
This tube is removed the following day. A contrast study 
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of the esophagus is obtained on postoperative day 1 to 
rule out any leak. 

 Kent et al. reported their experience of 20 patients 
who underwent minimally invasive surgery for benign 
esophageal tumors. Mean tumor size was 3.5 cm, while 
the median length of stay was 2.75 days. They found 
worsening (n = 3) or new onset (n = 2) refl ux in 5 pa-
tients requiring fundoplication (5).   Whether the my-
otomy should be resutured after enucleation is also a 
subject of controversy. Some authors maintain that if 
the integrity of the mucosa is not compromised, then 
the muscle need not be reapproximated. Yet other sur-
geons believe that suturing the muscularis is essential in 
order to prevent mucosal bulging and development of 
a pseudodiverticulum (14,15).   Further, reapproximation 
of the esophageal wall likely maintains the continuity of 
peristalsis and prevents esophageal dysmotility; thus, it 
is our preferred technique (6,16).   

 The laparoscopic approach is more commonly used 
for tumors at or near the GEJ. The patient is placed in 
a modifi ed, low lithotomy position. A beanbag is used 
to create a “seat” for the patient, which avoids patient 
slippage when placing the patient in the steep reverse 
Trendlenburg position. The surgeon stands between the 
patient’s legs and operates in the most ideal ergonomic 
position, while the assistant stands on the left side of the 
patient. 

 Ports are placed similarly to the technique used to 
perform a laparoscopic Nissen fundoplication. A 1-cm 
transverse incision is made over the left costal margin 
lateral to the midclavicular line, and a Veress needle is 
introduced through this incision and carbon  dioxide 
pnuemoperitoneum established. An optical trocar is 
then advanced through the planes of the abdominal 
wall. Four additional ports are placed: a 10-mm peri-
umblical port to the left of midline (for the camera), a 
10-mm left-sided port approximately 10 cm below and 
to the left of the subcostal port, another 10-mm port 
on the right side for the liver retractor, and a 10-mm 

port at the right costal margin. The phrenoesophageal 
membrane is divided and the esophagus mobilized. A 
Penrose drain is placed around the esophagus to aid in 
retraction. Extensive mobilization of the esophagus and 
dissection of the posterior mediastinum are necessary to 
permit adequate visualization of distal esophageal and 
GEJ tumors. Once the tumor is identifi ed, enucleation 
and completion of the procedure are performed in an 
identical manner to that described for the thoracoscopic 
approach as detailed previously. 

 Open Surgical Excision 

 The principles guiding the open technique are the same 
as those outlined for minimally invasive procedures. 
The choice of surgical approach depends on the size 
and location of tumor, suspicion for malignant poten-
tial, surgeon preference, and surgeon experience. Studies 
have demonstrated shorter hospital stays, less pulmo-
nary complications, and less postoperative pain with 
minimally invasive techniques compared with open ap-
proaches (5,17).   

 The location of the tumor along the esophageal 
body dictates whether a right (middle third) or a left 
(lower third) thoracotomy is performed. An upper mid-
line laparotomy may also be utilized for very low (near 
GEJ) tumors. Once the tumor is identifi ed, the longitudi-
nal fi bers are split, and the tumor bluntly dissected away 
from surrounding structures. Recurrence after surgical 
resection is extremely rare (18).   

 Esophagectomy 

 Esophagectomy may be necessary for tumors that are 
large (more than 8 cm), adherent to overlying mucosa, 
or when diffuse leiomyomatosis of the esophagus is 
present. However, there is signifi cant postoperative mor-
bidity associated with esophagectomy, including refl ux 
esophagitis, anastomotic strictures, dumping syndrome, 
diarrhea, and weight loss. Many of these complica-
tions are thought to be caused when vagal nerves are 
sacrifi ced during surgery. To avoid these complications, 
some authors have advocated the use of a vagal- sparing 
technique. After vagal-sparing esophagectomy was per-
formed for a number of benign esophageal diseases in-
cluding leiomyoma, Banki et al. found that patients were 
free of dumping and diarrhea and had normal bowel 
function (19).   

 GASTROINTESTINAL STROMAL TUMOR 

 Over the past 2 decades, a mesenchymal tumor type 
known as a gastrointestinal stromal tumor (GIST) has 

FIGURE 61.5

Closure of myotomy after enucleation of leiomyoma.
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been recognized. Many of these were previously thought 
to be leiomyomas, but in fact they are distinct from these 
tumors and appear to derive from the interstitial cells of 
Cajal (20–22). They are defi ned pathologically by posi-
tivity on immunostaining for the KIT antibody (CD117) 
(20).   Only 5% or less of all GISTs occur in the esopha-
gus (22,23).   

 The biologic behavior of GISTs is diffi cult to pre-
dict. Whereas some will pursue a benign and indolent 
course, approximately 10% to 30% may ultimately 
metastasize or locally recur (24),   and this incidence is 
likely higher for GISTs in the esophagus (25).   The risk 
for malignant potential is determined primarily by size 
and mitotic rate. Small tumors (less than 2 cm in greatest 
dimension) and those with less than 5 mitotic fi gures per 
50 high-power fi elds are considered low risk; however, 
occasionally metastases have been seen associated with 
tumors having these characteristics (20).   

 Although many esophageal GISTs may be discov-
ered incidentally, frequently patients with these tumors 
will present with dysphagia (25).   In addition, upper GI 
bleeding as the presenting symptom has been described 
(25,26).   The work-up is the same as that described pre-
viously for leiomyomas and typically includes upper en-
doscopy and computed tomography. Endosonography 
is also quite helpful in determining the layer of origin 
of the tumor within the esophageal wall. Unfortunately, 
none of these methods are able to distinguish GIST from 
leiomyoma (22).   

 Management for esophageal GISTs without evi-
dence of metastasis involves complete surgical exci-
sion. This can be accomplished by enucleation using 
thoracoscopic or laparoscopic techniques as described 
for leiomyoma (22,27).   For larger tumors (> 8 cm), 
however, esophagectomy will be necessary (23).   A ty-
rosine kinase inhibitor, imatinib mesylate (Gleevec), 
has been used with signifi cant benefi t in the treatment 
of metastatic or unresectable GIST and will likely have 
a role in the adjuvant therapy of those tumors with 
higher risk of malignant behavior after surgical resec-
tion (21,23).   Imatinib has also been used in the neoad-
juvant setting to decrease tumor volume and enhance 
resectability for GISTs at various sites, including the 
esophagus (28).   

 OTHER BENIGN TUMORS 

 Benign esophageal tumors are a miscellaneous group 
that includes leiomyomas, fi brovascular polyps, an-
giolipomas, granular cell tumors, hemangiomas, and 
schwannomas. Because of the rarity of these tumors, the 
exact incidence is unknown. Management reported in 
the literature has ranged from endoscopic polypectomy 
to simple enucleation to esophagectomy as dictated by 

tumor location, size, and preoperative assessment of the 
potential for malignancy. 

 Schwannoma 

 Neurogenic tumors of the esophagus are very rare, and 
only a few are reported in the literature. These lesions 
are located mostly within the muscularis propria. They 
are usually round or oval and tend to protrude into the 
esophageal lumen. Reported schwannomas have ranged 
in size from 0.5 to 14 cm in greatest diameter and are 
commonly located in the upper esophagus. Tumors less 
than 2 cm can be resected endoscopically; however, 
larger tumors may have a cervical blood supply that can 
result in signifi cant hemorrhage if bleeding vessels are 
not directly controlled (29,30).   

 Fibrovascular Polyp 

 These tumors are very rare, slow-growing tumors. They 
most commonly originate in the cervical esophagus and 
are usually pedunculated. Patients present with dyspha-
gia and weight loss (31,32).   In some cases, the polypoid 
mass can also be regurgitated into the oral cavity, caus-
ing airway obstruction (32).   Because of the propensity 
for fi brovascular polyps to occur in the proximal esoph-
agus, this tumor is usually approached through a left 
cervical esophagotomy (33)   (Figure 61.6). 

 Angiolipoma 

 Angiolipomas of the esophagus have been rarely re-
ported. The typical presentation includes dysphagia and 
weight loss. These tumors are usually more hypodense 
on CT than are leiomyomas. Depending on the location 

FIGURE 61.6

Excision of a fibrovascular polyp via the cervical approach. 
Note the very long stalk of this polyp.
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within the esophagus and the size of the lesion, endo-
scopic as well as open resection techniques have been 
employed (34).   

 Granular Cell Tumor 

 This lesion is usually restricted to the submucosa, but oc-
casionally it can be seen arising from the muscularis. The 
lesions are located in the distal third of esophagus. There is 
a higher incidence in women. It is estimated that between 
1.5% and 2.7 % of these tumors are malignant (35).   

 Most of these tumors are asymptomatic and are 
diagnosed incidentally. When symptoms do arise, they 
are nonspecifi c and include epigastric pain, dyspep-
sia, and thoracic pain. On endoscopy, they appear as 
small sessile submucosal nodules with a fi rm consis-
tency. The overlying mucosa is usually intact but can 
be ulcerated as well (36).   Microscopically, they com-
prise epitheloid cells with eosinophilic cytoplasm and 
hyperchromatic nuclei. They stain positively for S100, 
vimentin, neuron specifi c enolase, and laminin on im-
munohistochemistry. 

 EUS is useful for diagnosis. Palazzo et al. reported 
their experience with 21 lesions suspected to be granular 
cell tumors on endoscopy. Twenty were removed endo-
scopically, with only 1 requiring open surgery (37).   For 
tumors with a high suspicion for malignancy, open re-
section may be considered. 

 Hemangioma 

 With the widespread use of endoscopy, the incidental 
discovery of asymptomatic esophageal hemangiomas is 
increasing. When symptomatic, they can cause dyspha-
gia, weight loss, or upper gastrointestinal hemorrhage. 
On endoscopy they are purplish-red tumors confi ned to 
the submucosa. These are most commonly seen in the 
middle and lower thirds of the esophagus. While endo-
scopic biopsy secures the diagnosis, it also carries the 
risk of hemorrhage. Like other benign esophageal tu-
mors, hemangiomas can be removed endoscopically or 
via minimally invasive and open approaches (38). 

 CONCLUSION 

 While there are several widely different types of benign 
esophageal tumor, the incidence of each is relatively rare. 
A variety of approaches may be employed in resecting 
these lesions, including endoscopic removal, enucleation 
by thoracoscopy or laparoscopy, open enucleation, and 
occasionally esophagectomy. The choice of approach 
primarily depends on the size and location of the le-
sion as well as the tissue of origin (mucosa, submucosa, 
muscularis) and is less dependent on the type of lesion. 
Most can be removed with little to no residual defi cit in 
esophageal function, and, with the exception of GIST, 
recurrence is extremely uncommon. 
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sophagectomy for neoplasia is a 
major surgical undertaking, his-
torically associated with some of 
the highest perioperative morbidity 
and mortality rates of any routinely 

performed elective surgical procedure. In the decades 
leading up to and including the 1970s, esophagectomy 
carried with it a mortality rate of greater than 25% (1). 
With advances in patient selection and preparation for 
surgery, perioperative care, and surgical technique, the 
rate of complications and death resulting from esopha-
gectomy has been improving, particularly in high-volume 
institutions. Recent U.S. results analyzed from large 
administrative databases reveal perioperative mortal-
ity rates far below what had been previously reported. 
A 2007 publication utilized the Nationwide Inpatient 
Sample to assess esophagectomy outcomes in 17,395 
patients over the years 1999–2003 (2). Overall mor-
tality after esophagectomy was 8.7% and high-volume 
centers (performing more than 10 esophagectomies per 
year) had signifi cantly lower mortality rates compared 
to lower-volume institutions. In a prior report reviewing 
complications in U.S. Veterans Administration hospitals, 
1,777 esophagectomies were performed in 109 facilities 
during the years 1991–2000 and 30-day postopera-
tive mortality was 9.8% (3). Many of the procedures, 
however, were undertaken in hospitals with a small in-
stitutional or surgeon experience in performing esoph-

agectomy, as only 1.6 esophagectomies were done per 
year in the average facility. The importance of institu-
tional volume also was demonstrated in a study derived 
from a Medicare database that analyzed esophagec-
tomy outcomes during the time period 1994–1999 (4). 
Mortality after esophagectomy was 20.3% in hospitals 
where fewer than 2 esophagectomies were performed, 
compared to 8.4% in hospitals performing more than 
19 esophagectomies per year. Of all operations assessed, 
esophagectomy was found to be among the most sensi-
tive to the infl uence of institutional procedural volume 
on operative mortality. 

 In comparison, data derived from high-volume facili-
ties in the United States specializing in esophageal surgery 
suggest operative mortality rates in the range of 3%–5% 
following esophagectomy for cancer (Table 62.1). In ad-
dition, when surgery is performed in specialty centers and 
is undertaken in selected patients for a specifi c indication 
(Barrett’s esophagus with high-grade dysplasia [HGD]), 
esophagectomy can be performed with a mortality ap-
proximating 1% (8). A number of plausible factors ex-
plain the apparent improvement in outcomes following 
esophagectomy for HGD. Of most signifi cance, perhaps, 
is the ability to select appropriate patients for esophagec-
tomy in this setting, given alternative management strate-
gies for HGD in the high-risk patient. 

 Considerable judgment must be exercised on the 
part of the operating surgeon in deciding upon whom to 

 E
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operate, the optimal timing of surgical intervention, and 
the best match of surgical approach to the given patient 
and their disease. Given the extensive array of esopha-
gectomy techniques, the surgeon must be knowledgeable 
about their appropriate application and be technically 
adept at a number of different foregut resective and 
reconstructive procedures. Unlike resections for many 
gastrointestinal malignancies where surgical options are 
limited and decision making is straightforward, esopha-
gectomy carries with it a litany of decisions and the need 
for fl exibility; a “one size fi ts all” approach is generally 
not applicable. 

 PATIENT SELECTION AND PREPARATION 

 The epidemiology of esophageal cancer has changed 
over the past 3 decades, from predominantly squamous 
cell carcinoma associated with alcohol consumption and 
tobacco use to adenocarcinoma associated with gastro-
esophageal refl ux disease. With this change in risk factors 
for these 2 diseases, and with improvements in screening 
and surveillance of the major precursor of esophageal 
adenocarcinoma, Barrett’s esophagus, the potential to 
detect esophageal neoplasia at an early, or even pre-
 invasive, stage has improved. Despite this fact, esopha-
geal cancer too commonly presents in an advanced stage 
and frequently remains a disease of the elderly. Accord-
ing to the Surveillance Epidemiology and End Results 
(SEER) database of the National Cancer Institute, the 
median age at diagnosis for all esophageal cancer pa-
tients was 69 years over the time period 2001–2005, 
67 years in men, and 73 years in women (11). Surgeons 
performing esophagectomy often must decide, therefore, 
whether to subject an elderly individual to a major and 
potentially morbid or mortal procedure. 

 Assessment of Cardiopulmonary Function 

 An assessment of the patient’s cardiopulmonary reserve 
is essential prior to any major surgical undertaking such 
as esophagectomy. Evaluation commences with a thor-
ough history, concentrating on respiratory diffi culties at 
rest or with exertion, exercise tolerance, chest pain, or 
fatigability. Physical examination should concentrate on 
cardiopulmonary fi ndings. When questions exist about 
coexistent cardiac or pulmonary disease based on the pa-
tient’s age, comorbidities, physical signs, or symptoms, 
formal physiologic testing should be pursued. Cardiac 
imaging and stress testing can elicit subtle changes in 
cardiac function suggestive of ischemia, cardiomyopa-
thy, or valvular heart disease. It has been estimated that 
approximately 20%–30% of patients with esophageal 
cancer present with evidence of cardiovascular disease. 
Prophylactic perioperative beta-blocker therapy is ef-
fective in reducing perioperative cardiac complications 
(death or myocardial infarction) in the population at 
risk (12,13). 

 When coronary artery or valvular pathology is 
deemed signifi cant, interventions such as angioplasty, 
coronary stenting, or even open heart surgery should 
be completed prior to elective esophageal surgery in 
an effort to minimize perioperative risk at the time of 
esophagectomy. Recent data suggest that angioplasty 
alone should be performed when major surgery must be 
carried out within approximately 2 months (14). If sur-
gery can be postponed for a period of at least 2 months, 
which is often the case when considering esophagec-
tomy, then placement of a bare metal stent becomes an 
option. Drug-eluting stents (DES) should only be used if 
surgery can be postponed for at least 1 year, given the 
risk of early stent thrombosis and the need for aggressive 
antiplatelet therapy in the period immediately following 
stent placement (14). Thus, in general, DES placement 

TABLE 62.1 
Modern Mortality after Esophagectomy for Cancer in U.S. Specialty Centers

Institution Resection type Year Number Mortality (%)

Brigham (5) TTE 2001  250 3.6

Cornell (6) 3-field 2002   80 5

USC (7) THE/TTE 2004  263 4.5

Rochester (8) THE/TTE 2007  244 4.1

MSKCC (9) THE/TTE 2007  352 4.5

Michigan (10) THE 2007 1,525 3

Abbreviations: TTE = transthoracic esophagectomy; THE = transhiatal esophagectomy; USC = University of Southern California; 
MSKCC = Memorial Sloan-Kettering Cancer Center.
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should be avoided when an esophagectomy for cancer 
is being planned. 

 For patients with a history of smoking or chronic 
obstructive pulmonary disease, preoperative pulmonary 
function testing and arterial blood gas analysis should 
be performed. Patients with signifi cant impairment in 
the forced expiratory volume at 1 second (FEV1 < 1.2 li-
ters), the presence of hypercapnia (PaCO2 > 45 mm Hg) 
or hypoxemia (PaO2 < 55 mm Hg), maximum voluntary 
ventilation < 35% of predicted normal values, mid-expi-
ratory fl ow (forced expiratory fl ow 25%–75%) of < 0.6 
to 1 liters/second, or diffusion capacity < 35% of pre-
dicted normal values are at increased risk for respiratory 
complications after surgery (15). Preoperative optimiza-
tion through smoking cessation, bronchodilators, expec-
torants, antibiotics, or steroids (inhaled or systemic) is 
prudent. For more severe cases, consideration should be 
given to a formal pulmonary rehabilitation program. Pa-
tient education should commence before surgery about 
the importance of postoperative incentive spirometry, 
ambulation, and pulmonary toilet. 

 Recent smoking exposes patients to a variety of 
potential postoperative pulmonary complications rang-
ing from increased production and reduced clearance 
of sputum to atelectasis, pneumonia, and respiratory 
failure requiring intubation (16). The association be-
tween cigarette smoking and delayed wound healing 
is well recognized in clinical practice (17,18). Nicotine 
increases platelet adhesiveness, thrombotic microvas-
cular  occlusion and vasoconstriction resulting in re-
duction of blood fl ow, tissue ischemia, and impaired 
healing.  Smoking cessation should occur several weeks 
prior to surgery in order to achieve the maximum rever-
sal of smoking-induced reduction in lung function and 
 impairment of immune function (19). 

 Nutritional Assessment and Support 

 Nutritional assessment, education, and support have be-
come a part of routine patient preparation in most high-
volume esophageal surgery centers. The quantifi cation 
of weight loss, physical examination, and albumin/pre-
albumin assays are helpful in the prediction of patient 
recovery, morbidity and mortality after surgery, as well 
as the possibility of prolonged mechanical respiratory 
support. A correlation exists between preoperative val-
ues of prognostic nutritional indices and the incidence of 
postoperative complications (20). In addition, the rate of 
esophageal tumor resectability in patients with anorexia 
is signifi cantly decreased (21). Nutritional supplementa-
tion is crucial in any cancer patient with 10% or greater 
weight loss or an abnormally low serum albumin level 
(22). The exact timing, duration, and mode of preop-
erative nutritional support are matters of  controversy 

and are discussed more thoroughly in another chapter, 
though enteral nutrition appears preferable. Finally, 
patients receiving neoadjuvant chemotherapy or ra-
diation are at substantially higher risk for preoperative 
malnutrition. 

 Prophylaxis against Venous Thrombosis 
and Thromboembolism 

 Pulmonary embolism (PE) and deep venous thrombosis 
(DVT) prophylaxis is a standard of care in all cancer 
 patients, particularly during the perioperative period, 
due to the possibility of cancer-induced hypercoagulabil-
ity, the pro-coagulable effects of general anesthesia, and 
the potential for insuffi cient ambulation after surgery. 
Patients undergoing major surgery have an approxi-
mately 6-fold increase in risk of PE (23). Cancer patients 
undergoing surgery have twice the risk of developing 
DVT and a 3-fold increase in risk of fatal PE compared 
with patients without cancer (24,25). The presence of 
malignancy is associated with an impaired response 
to thromboprophylaxis (25). Patient education, pain 
control, early use of TED stockings, lower extremity 
intermittent pneumatic compression (IPC)  devices, pre-
operative and perioperative use of prophylactic antico-
agulation (low-dose unfractionated heparin 5000 units 
2 or 3 times daily or its equivalent of lower molecular 
weight heparin), and early ambulation all play an im-
portant role in PE/DVT prevention. 

 Anesthetic Assessment 
and Postoperative Analgesia 

 The importance of an evaluation by an anesthesiologist 
in advance of esophagectomy cannot be overempha-
sized. Such an encounter serves many purposes, includ-
ing risk stratifi cation based on the American Society of 
Anesthesiologists (ASA) classifi cation system, a review 
of comorbidities and medications and how they might 
affect anesthetic management, a detailing of prior sur-
geries and exposures to anesthetic agents, a pertinent 
family history of adverse anesthetic effects (e.g., malig-
nant hyperthermia), and a discussion of the options for 
postoperative pain control. 

 Three widely utilized modalities for postoperative 
pain control following esophagectomy are regional epi-
dural catheter placement, intercostal nerve block, and 
intravenous patient-controlled analgesia. Such meth-
ods can be used alone or in combination. Preoperative 
insertion of epidural catheters in patients undergoing 
esophageal resection has become common practice un-
less medically contraindicated. Epidural analgesia, when 
accomplished correctly, provides excellent pain control 
with decreased need for systemic narcotics, effective 
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 pulmonary toilet, return of ambulation, and a decreased 
incidence and severity of postoperative ileus. Objective 
improvements have been found in functional vital ca-
pacity as a result of epidural placement, leading to a re-
duced risk of pulmonary complications (26). The use of 
epidural analgesia has also contributed to a decrease in 
length of stay (27). Epidural medication usage must be 
judicious, particularly with regard to instillation of local 
anesthetic agents, to prevent systemic hypotension and 
the potential for profound adverse effects on the esopha-
geal replacement conduit. Of course, an eventual and 
adequate transition to intravenous and oral analgesics 
is necessary. The success of epidural analgesia is only as 
good as the competency of the anesthesiologist in accu-
rate catheter placement and management, as well as the 
ability of a pain team to provide continuous, around-
the-clock monitoring and care of the  patient. If not all 
elements of the pain service are adequate, the benefi ts of 
epidural use may be outweighed by the shortcomings. 

 Patient Education and General Preparation 

 Preoperative patient education is an important part of 
the preparation for esophageal cancer surgery. The com-
plexity of the surgical approach and perioperative care, 
the expected postoperative course and length of stay, 
possible adverse effects and complications of the pro-
cedure, discharge planning and postoperative recovery 
should be explained to the patient and their family in de-
tail. An accurate set of expectations is paramount to an 
outcome perceived as successful by the patient and their 
referring physicians. Issues that deserve specifi c empha-
sis in the preoperative discussions include the high in-
cidence of at least minor morbidity following surgery 
and the surgeon’s or institution’s mortality rate for the 
procedure. Esophagectomy-specifi c perioperative com-
plications include the potential for pneumonia and/or 
respiratory failure, bleeding requiring transfusion, chy-
lothorax requiring subsequent thoracic duct ligation, 
recurrent laryngeal nerve injury leading to transient or 
permanent hoarseness, injury to the membranous air-
way, anastomotic leakage, and anastomotic stricture 
requiring (serial) dilatation. If placement of a feeding je-
junostomy tube is opted at the time of surgery, the plans 
for its use should be outlined. Finally, the expectations 
for long-term functional outcomes should be reviewed 
in terms of meal capacity and frequency, as well as the 
potential for gastroesophageal refl ux, dysphagia, chok-
ing, diarrhea, cramping, and dumping. 

 Though the patient and his/her physicians may 
feel time pressure to treat an esophageal malignancy, a 
successful surgical outcome depends upon a  thorough 
work-up, adequate assessment of risk factors, and 
 optimization of comorbidities. While no absolute thresh-

olds exist for abandoning surgery due to nutritional, 
pulmonary, or cardiac compromise, such objective in-
formation often can assist the surgeon quite signifi cantly 
in making a decision for or against esophagectomy and 
in the type of operation chosen. 

 Evaluation of the Colon for Use 
as an  Esophageal Substitute 

 When the colon is being considered as a potential esoph-
ageal substitute, colonoscopy or barium radiography is 
performed to evaluate the status of the colonic mucosa. 
Mild diverticular disease is generally not a contraindica-
tion to the use of colon as an esophageal replacement, 
though extensive diverticulosis, frank diverticulitis, or 
infl ammatory fi brosis may preclude colon interposition. 
Similarly, the presence of a few colonic polyps, whether 
hyperplastic or adenomatous, that can be removed be-
fore surgery does not preclude the use of colon. The 
presence of extensive polyposis or malignancy, however, 
is an absolute contraindication. 

 Some controversy exists around the necessity of 
routine preoperative mesenteric arteriography when co-
lonic interposition is planned. As the successful use of 
colon critically depends upon an adequate vasculature, 
the surgeon should have a low threshold to perform 
such studies. When arteriography is performed, selective 
injections of the celiac, superior mesenteric (SMA), and 
inferior mesenteric (IMA) arteries should be undertaken, 
including lateral views, and paying particular attention 
to any anatomic aberrancy. When the left colon is to 
be utilized for interposition, the most important angio-
graphic fi nding is the status of the IMA, particularly at 
its origin, which can be stenosed in elderly individuals or 
in those with peripheral vascular disease. As the blood 
supply of a left colon interposition critically depends 
upon adequate infl ow from the IMA, a signifi cant ste-
nosis of this vessel is a contraindication to the use of 
the left colon for esophageal reconstruction (28). A right 
colon interposition, based on the middle colic branches 
of the SMA, can be used in this situation, as it is not de-
pendent upon IMA infl ow. Other angiographic features 
thought important to the successful use of left colon for 
interposition include a visible ascending branch of the 
left colic artery, a well-defi ned anastomosis between the 
left colic and middle colic systems (along the marginal 
artery of Drummond) and a single middle colic trunk 
prior to division into right and left branches. Because 
of its more reliable and predictable arterial infl ow and 
venous outfl ow, not to mention its better size match to 
the native esophagus, the left colon is generally preferred 
over the right colon for esophageal replacement. 

 As patients undergoing foregut reconstruction have 
not uncommonly undergone multiple prior abdominal 
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operations, mesenteric arteriography can help to defi ne 
the resultant vascular anatomy and ascertain that ves-
sels supplying planned esophageal substitutes are patent 
and not disrupted by prior surgeries. In particular, prior 
operations involving the greater curvature of the stom-
ach may have disrupted the right gastroepiploic artery, 
critical to the blood supply of a planned gastric pull-up, 
or the middle colic artery and marginal artery of Drum-
mond, critical to the blood supply of a planned colon 
interposition. Preoperative knowledge of such vascular 
abnormalities can help the surgeon plan surgery and 
save considerable time and effort during the procedure. 

 APPROACHES TO ESOPHAGECTOMY 
FOR CANCER 

 The fi rst attempts at cervical esophagectomy were un-
dertaken by Billroth in the late 19th century. The fi rst 
successful cervical esophagectomy for carcinoma in a 
human was credited to Czerny in 1877, while the fi rst 
successful transthoracic esophagectomy (TTE) was per-
formed by Torek in 1913. Since these initial efforts, a 
wide spectrum of esophagectomy procedures and recon-
structive options has arisen. As long ago as 1928, the 
observation was made that “judging from the literature, 
it would seem that every method which ingenuity can in-
vent has been practiced for the purpose of reestablishing 
the continuity of the esophagus after resection” (29). 

 At present, a number of techniques are commonly 
employed for resection of esophageal cancer (Table 
62.2). The surgeon must choose, therefore, from such a 
menu of procedures when deciding upon the optimum 
approach for a given individual, both in terms of the 
strategy for resection as well as for plans for reconstruc-
tion. Mobilization of the esophagus can be accomplished 
successfully by open transthoracic, thoracoscopic, or 
transhiatal (open or minimally invasive) approaches. 
The route chosen depends, in part, upon surgeon experi-
ence and preference. Certain principles, however, favor 
one approach over another (Table 62.3). 

 Factors Favoring Transthoracic Resection 

 Factors favoring a transthoracic resection, whether open 
or thoracoscopic, include any situation that make a safe 
blunt resection potentially diffi cult or hazardous, such 
as large tumors abutting the membranous airway, azy-
gos vein, or aorta where resectability may be an issue. 
In the setting of prior surgery involving the intratho-
racic esophagus, such as a myotomy, diverticulectomy, 
or repair of an esophageal perforation, periesophageal 
fi brosis may require direct transthoracic visualization 
to allow safe resection. When esophageal squamous cell 

carcinoma arises within the background of achalasia and 
a megaesophagus, extensive esophageal neovasculariza-
tion can complicate dissection and lead to signifi cant 
hemorrhage if a blunt resection is attempted. While safe 
transhiatal esophagectomy (THE) has been undertaken 
in the setting of a megaesophagus, considerable judg-
ment and experience are required and the surgeon must 
exercise a low threshold for conversion to a transtho-
racic approach if the dissection proves diffi cult (30,31). 

 A TTE allows for a more thorough and complete 
mediastinal lymphadenectomy than is afforded by a 
transhiatal approach. An en bloc resection of the esoph-
agus with the adjacent periesophageal and subcarinal 
lymph nodes, azygos vein and its tributaries,  thoracic 
duct and mediastinal pleura can be accomplished via 

TABLE 62.2 
Esophagectomy Options

•  “Minimally invasive” (thoracoscopic, laparoscopic, 
robotic)

•  Transhiatal with cervical esophagogastrostomy 
+/– vagal-sparing

•  Transhiatal with jejunal interposition

•  Right thoracotomy, laparotomy, intrathoracic 
esophagogastrostomy

•  Right thoracotomy, laparotomy, cervical 
esophagogastrostomy

•  Left thoracotomy/thoracoabdominal with intrathoracic 
esophagogastrostomy

•  Radical (en bloc) esophagectomy
  •  with 2-field lymphadenectomy
  •  with 3-field lymphadenectomy
  •  using gastric pull-up
  •  using colon interposition

•  Others

TABLE 62.3
Factors Influencing Type of Esophagectomy

1.  Surgeon training and experience

2.  Tumor location and size

3.  Patient comorbidities and performance status

4.  Availability and suitability of esophageal replacement 
conduits (stomach, jejunum, colon)

5.  Prior thoracic or upper abdominal operations

6.  Goals of surgery (cure, palliation)
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either a right or left transthoracic approach. Paratra-
cheal lymph nodes and recurrent laryngeal nerve nodes, 
if desired, can be resected as well, particularly from the 
right. 

 If the available esophageal replacement conduits 
are of limited length, a considerable segment of intra-
thoracic esophagus may need to be preserved in order to 
reestablish alimentary continuity after esophagectomy. 
In addition, such a situation mandates an intrathoracic 
(posterior mediastinal or retrosternal) anastomosis. Of 
course, a limited esophageal resection can only occur 
in the setting of distal esophageal or gastroesophageal 
junction tumors, in that resection margins will be com-
promised for more proximal malignancies. 

 Finally, some surgeons prefer routine placement 
of an esophagogastric anastomosis in an intrathoracic 
position, citing the lower incidence of symptomatic 
anastomotic strictures compared to cervical esophago-
gastrostomy. General thought holds that such anasto-
moses should be placed high in the chest, at or above 
the level of the azygos arch, to minimize the potential 
for postoperative gastroesophageal refl ux. The extent of 
refl ux, however, based upon the position of an esopha-
gogastric anastomosis has never been subject to careful 
objective scrutiny. Some centers have reported extensive 
experiences with low intrathoracic anastomoses after 
esophagectomy for cancer, though the long-term symp-
tomatic outcomes are not well characterized. 

 Factors Favoring Transhiatal Resection 

 Factors favoring a transhiatal resection include situa tions 
where much of the intrathoracic esophagus is uninvolved 
with tumor, particularly if an extensive lymph adenectomy 
is not required. Examples include pharyngeal neoplasms as 
well as Barrett’s esophagus with HGD. In the latter case, 
some centers have  advocated a vagal-sparing transhiatal 
operation without deliberate lymphadenectomy in order 
to preserve gastrointestinal function (32,33). In the setting 
of HGD without an endoscopically  visible esophageal mu-
cosal nodule or ulcer, the likelihood of  encountering an 
occult invasive carcinoma that penetrates deeper than the 
muscularis mucosa and, therefore, may have metastasized 
to regional lymph nodes is quite low. 

 An obvious advantage of THE is the avoidance 
of a thoracic incision or incisions with their potential 
for pain, postoperative respiratory compromise, and 
the need for single-lung ventilation during surgery. For 
patients deemed at high risk for operation because of 
underlying pulmonary comorbidities, a transhiatal ap-
proach holds intuitive appeal for these reasons. When 
deciding upon a tailored approach to surgery based on 
individual patient factors, many surgeons will choose a 
transhiatal operation in the setting of the frail or elderly 

patient or those with signifi cant respiratory embarrass-
ment prior to surgery. 

 Some surgeons will choose a THE as their proce-
dure of choice for most esophageal or esophagogastric 
junction cancer resections, barring the presence of a 
specifi c contraindication as listed above. Advocates cite 
the ability to perform a mediastinal lymphadenectomy 
through the esophageal hiatus, particularly if maneuvers 
are undertaken to open the space in a wide fashion, and 
the advantages inherent to avoidance of a thoracotomy 
in terms of operative time, pain, cosmesis, and pulmo-
nary sequelae. 

 Transhiatal esophagectomy requires placement of 
the subsequent esophageal anastomosis in the neck or 
upper thorax. While the consequences of an intratho-
racic leak are generally worse than those in the neck, the 
leak rate reported after cervical esophagogastrostomy 
is generally higher. The University of Michigan group 
 recently reported a cervical anastomotic leak rate of 
12% (10). The incidence has fallen in recent years, how-
ever, with improvements in anastomotic techniques. In 
their hands, the clinically signifi cant leak rate now falls 
in the range of 3%, with an additional 2% rate of gastric 
tip necrosis (10,34). 

 Also of tremendous signifi cance is the incidence of 
esophagogastric anastomotic strictures developing after 
cervical esophagogastrostomy. The need for postopera-
tive dilation has been reported to be as high as 55% 
after THE, though rarely represents a disabling, long-
term complication (10). Considering that many patients 
are referred for foregut reconstruction due to severe dys-
phagia, the persistence of dysphagia after surgery, how-
ever, can be a signifi cant adverse outcome. 

 Outcomes after Transthoracic and Transhiatal 
Esophagectomy for Cancer 

 A number of large series from single institutions have 
reported outcomes after transthoracic, transhiatal, or 
minimally invasive esophagectomies and will be covered 
in separate chapters. Limitations of much of the avail-
able data, however, include the fact that such reports 
are generally nonrandomized, retrospective case series. 
Stage-for-stage outcomes comparisons are diffi cult, given 
the potential for stage migration when a more thorough 
lymphadenectomy is undertaken via a transthoracic ap-
proach. In addition, some centers have relegated tran-
shiatal esophagectomy to older, sicker patients with 
more advanced disease, utilizing a more extensive en 
bloc resection for more physiologically fi t individuals 
with a higher chance of cure. Such reports also inher-
ently refl ect surgeon or institutional bias in terms of the 
optimal treatment approach, not only regarding surgical 
resection but also relative to multimodality therapy such 
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as neoadjuvant or adjuvant chemotherapy or combined 
chemoradiation. 

 A number of studies have compared results be-
tween THE and en bloc resections and a few deserve 
further mention (Table 62.4). A recent report assessed 
perioperative outcomes after transthoracic and tran-
shiatal esophagectomy over the years 1999 through 
2003 utilizing the Nationwide Inpatient Sample (NIS) 
(2). The NIS contains data representing approximately 
20% of all hospital discharges from nonfederal U.S. 
facilities. The database included 17,395 patients un-
dergoing esophagectomy, 11,914 of them undergoing 
THE, and 5,481 undergoing TTE. Thus, in the United 
States, recent practice patterns demonstrate an approxi-
mately 2:1 utilization of THE compared to TTE. The 
2 groups were evenly matched for age (61.9 versus 
62.0 years in the THE and TTE groups, respectively). 
Overall morbidity was 50.7%, consistent with prior 
reports. In-hospital mortality after THE was 8.91% 
and 8.47% after TTE ( P  = 0.642). Multivariate logis-
tic regression analysis demonstrated no signifi cant dif-
ferences in the incidence of pulmonary, cardiovascular, 
infectious, or overall complications or hospital length of 
stay between the 2 groups. High-volume centers (per-
forming more than 10 esophagectomies per year) had 
signifi cantly lower mortality rates compared to low-
 volume centers. In addition, a higher incidence of gas-
trointestinal and systemic complications was seen after 
TTE in low- volume centers. The authors concluded that 

peri operative outcomes after THE and TTE were equiv-
alent, though higher volume institutions demonstrated 
lower morbidity and mortality.     

 Care must be taken in interpreting these data. Such 
an analysis cannot control for surgeon bias in selection 
of patients for the various operations. Conceivably, THE 
was chosen for sicker individuals with more comorbidi-
ties. Also, no information is available regarding tumor 
stage or location, completeness of resection, use of neo-
adjuvant therapy, or long-term follow-up. 

 In a population-based, retrospective, case-control 
study from Finland, the long-term cure rate of 42 pa-
tients undergoing esophagectomy with 2-fi eld lymph-
adenectomy was compared to 129 patients following 
standard esophagectomy (35). The 5-year survival was 
signifi cantly better following 2-fi eld lymphadenectomy 
than with a less extensive resection (50% versus 23.2%, 
respectively;  P  = 0.005). This survival advantage held up 
at 8 years of follow-up as well (43% versus 21%), sug-
gesting a durable effect. 

 The only prospective randomized controlled study 
to date comparing simple to extended esophagectomy 
was performed in the Netherlands by Hulscher and col-
leagues (36,37). The initial results in 220 patients at a 
median follow-up of 4.7 years demonstrated a trend 
toward improved survival with the en bloc resection, 
which did not reach statistical signifi cance ( P  = 0.08) 
(36). The study has been faulted, however, for being un-
derpowered (38). The calculations for sample size were 

TABLE 62.4
Comparison Trials between Transhiatal Esophagectomy and Transthoracic En Bloc 

Esophagectomy of Long-Term Survivala

Survival, %

Source Type of trial Resections, no. THE group EBE group Follow-up, y P value

Hagen et al, (51) 1993 Retro 30 EBE 14 41 5 <. 001

39 THE    

Putnam et al, (52) 1994 Retro 102 EBE 12 30 4 .02

30 THE    

Horstmann et al, (53) 1995 Retro 41 EBE 18 17 3 NS

46 THE    

Altorki et al, (54) 1997 Retro 78 EBE 11 35 4 .007

50 THE    

Hulscher et al, (36) 2002 RCT 114 EBE 27 39 5 .08

106 THE  

Abbreviations: EBE = en bloc esophagectomy; NS = not significant; RCT = randomized controlled trial; Retro = retrospective clinical 
study; THE = transhiatal esophagectomy.
a Adapted with permission from Archives of Surgery 2004, Vol. 138, 627–633 (39).
Copyright © (2004) American Medical Association. All rights reserved.
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based on a survival of 30% following simple transhia-
tal resection, whereas the available literature would 
support a 25% survival rate even in specialty centers. 
In addition, the authors estimated a 15% difference in 
survival between the 2 arms but observed a difference 
of only 10%. Given these data and corrected assump-
tions, the sample size necessary to detect a statistically 
signifi cant difference is 260 patients per arm, while 
the study enrolled only approximately 110 patients 
per arm. 

 A follow-up report to this trial was published in 
2007 and contained complete 5-year survival data (37). 
After transhiatal and transthoracic resection, 5-year sur-
vival was 34% and 36%, respectively ( P  = 0.71) (Figure 
62.1). In the 90 patients found to have a Siewert type I 
tumor, a statistically signifi cant survival benefi t of 14% 
was seen with TTE (Figure 62.2). In addition, patients 
found to have 1 to 8 positive regional lymph nodes in 
the resection specimen demonstrated a 5-year locore-
gional disease-free survival advantage following TTE, 
whereas patients with fewer or greater numbers of posi-
tive nodes showed no such benefi t (Figure 62.3). Based 
on their analysis, the authors favored an extended TTE 
for type I esophageal carcinoma, especially in the set-
ting of a limited number of clinically suspicious lymph 
nodes, and a limited THE for type II carcinoma of the 
gastroesophageal junction.     

 Critics of an extended lymphadenectomy claim 
that although a more extensive resection may improve 
survival, any apparent advantages are offset by the 
 increased morbidity and mortality inherent to a more 
invasive operation. The Netherlands trial showed a 
higher incidence of pulmonary complications, a lon-
ger  mechanical ventilation time, a longer intensive care 
stay, and a longer overall hospitalization in patients un-
dergoing a TTE compared to THE (36). Reports assess-
ing early postoperative morbidity and mortality after 

FIGURE 62.1

Overall survival of all patients after transhiatal (THE) or 
transthoracic (TTE) esophagectomy (P = 0.71) based on per 
protocol analysis and after exclusion of patients who did not 
undergo surgical resection. Adapted with permission from 
Omloo JMT, Lagarde SM, Hulscher JBF, et al., Extended 
transthoracic resection compared with limited transhiatal 
resection for adenocarcinoma of the mid/distal esophagus: 
five-year survival of a randomized clinical trial. Annals of 
Surgery, 2007, 246, 992–1001 (37).

FIGURE 62.2

(A) Overall survival of patients with type I adenocarcinoma 
of the esophagus after transhiatal (THE) or transthoracic 
esophagectomy (TTE) (P = 0.33). (B) Overall survival of 
patients with type II adenocarcinoma of the gastric cardia 
after transhiatal or transthoracic esophagectomy. Adapted 
with permission from Omloo JMT, Lagarde SM, Hulscher 
JBF, et al., Extended transthoracic resection compared with 
limited transhiatal resection for adenocarcinoma of the mid/
distal esophagus: five-year survival of a randomized clinical 
trial. Annals of Surgery, 2007, 246, 992–1001 (37).
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TTE and THE do not, in general, show an appreciable 
difference between the two approaches, though such 
a retrospective analysis cannot assess the severity of 
complications or patient selection biases (Table 62.5). 
Finally, given the limitations in current preoperative 
staging techniques, particularly relative to the number 
and location of involved lymph nodes, selection of ap-
propriate candidates likely to be benefi ted by en bloc 
resections remains diffi cult as well.   

 Esophageal Replacement Conduit 

 The preferred esophageal substitute is a widely discussed 
and debated issue. Historically, esophagectomy for carci-
noma was associated with a poor long-term survival (1). 
Outcomes assessment after surgery, therefore, focused 
on operative mortality and early postoperative morbid-
ity. More recently, with changes in the epidemiology of 
esophageal cancer and the screening and surveillance of 
malignant precursors (e.g., Barrett’s esophagus), patients 
have been detected with earlier stage cancer. Due to this 
fact, as well as to improvements in operative techniques 
and perioperative management, an increasing number of 
patients are surviving surgery and are cured after esoph-
agectomy for carcinoma. Long-term symptomatic out-
comes, therefore, are assuming increasing importance. 
In the case of foregut reconstruction for benign disease 
or early stage malignancy, where life expectancy may be 

FIGURE 62.3

Overall survival of all patients with 1 to 8 positive lymph 
nodes in the resection specimen after transhiatal (THE) or 
transthoracic (TTE) esophagectomy. Adapted with permis-
sion from Omloo JMT, Lagarde SM, Hulscher JBF, et al., 
Extended transthoracic resection compared with limited 
transhiatal resection for adenocarcinoma of the mid/distal 
esophagus: five-year survival of a randomized clinical trial. 
Annals of Surgery, 2007, 246, 992–1001 (37).

TABLE 62.5
Mortality and Morbidity Rates for Transthoracic En Bloc Esophagectomy 

and Transhiatal Esophagectomya

Source Patients, no. Mortality, % Morbidity, % LOS, d

EBE
 Putnam et al, (52) 1994* 134   8 75 20
 Horstmann et al, (53) 1995*  41  10 NA 23
 Altorki et al, (54) 1997*  78   5 24 NA
 Hulscher et al, (36) 2002* 114   4 57 19
 Swanson et al, (5) 2001 250   4 33 13
 Hagen et al, (55) 2001 100   6 71 14
 Overall range 4–10 24–75 13–23
THE
 Putnam et al, (52) 1994*  42   5 69 19
 Horstmann et al, (53) 1995*  46  11 NA 26
 Altorki et al, (54) 1997*  50   6 26 NA
 Hulscher et al, (36) 2002* 106   2 27 15
 Orringer et al, (56) 1993 417   5 32 11–14
 Rentz et al, (57) 2003 385  10 49 NA
 Overall range 2–11 26–69 11–26

Abbreviations: EBE = en bloc esophagectomy; LOS = length of hospital stay; NS = not significant; THE = transhiatal esophagectomy. 
*Both EBE and THE are included in the study.
a Adapted with permission from Archives of Surgery 2004, Vol. 138, 627– 633 (39).
Copyright © (2004) American Medical Association. All rights reserved.
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measured in many years or decades, the issue of the best 
esophageal substitute remains controversial. 

 The 2 most commonly utilized conduits for esopha-
geal replacement are the stomach and the colon. Each organ 
has been extensively evaluated and each has its proponents. 
A closer analysis demonstrates that the stomach and colon 
possess several theoretic advantages and disadvantages 
compared to each other and to the jejunum. 

 Proponents of esophageal replacement via gastric 
pull-up tout the relative ease of gastric mobilization, the 
need for only a single (esophagogastric) anastomosis, 
as well as the relatively quick operative time and return 
of alimentation. In addition, where expertise exists, the 
operation can be completed through minimally invasive 
means, with laparoscopic gastric mobilization and cervi-
cal esophagogastrostomy or intrathoracic anastomosis 
accomplished via thoracoscopy. 

 Disadvantages of the stomach include the loss of 
the gastric reservoir with the potential for early satiety 
and dumping, and the potential for gastroesophageal re-
fl ux into the remaining esophageal remnant or pharynx. 
The placement of the stomach within the negative pres-
sure environment of the thorax, coupled with the loss of 
the normal GEJ anti-refl ux barriers, predisposes the pa-
tient to refl ux, regurgitation, and aspiration. Although 
there is general acceptance of the concept that a cervical 
esophagogastrostomy is less prone to refl ux than an in-
trathoracic anastomosis, particularly when placed low 
in the chest, refl ux can occur in either scenario and may 
cause signifi cant symptomatology or induce complica-
tions. The placement of gastric mucosa in juxtaposition 
to squamous esophageal mucosa predisposes the patient 
to proximal esophagitis, stricture, or Barrett’s esopha-
gus, resulting from the chronic exposure of the remaining 
esophageal mucosa to gastric and/or duodenal content. 
A series from Japan demonstrated refl ux esophagitis in 
44% of patients and Barrett’s metaplasia in 12% of pa-
tients followed for more than 2 years after a cervical 
esophagogastrostomy (40). Several other reports have 
shown the risk of development of columnar metapla-
sia in the esophageal remnant over the years follow-
ing esophagectomy and primary esophagogastrostomy 
(Table 62.6). Of note, esophageal columnar metaplasia 
appears more likely to occur in those with Barrett’s mu-
cosa resected at the time of esophagectomy than in those 
without, suggesting an underlying genetic predisposition 
to the development of metaplasia in susceptible individu-
als. The clinical signifi cance of this metaplastic response, 
however, is uncertain in that the incidence of cancer in 
the esophageal remnant after esophagectomy and gastric 
pull-up is unknown and likely quite low. In contrast, the 
esophageal mucosa in patients undergoing colon inter-
position appears to undergo few histologic changes.     

 The blood supply to the proximal tip of the gastric 
conduit can be quite tenuous. The incidence of ischemic 

complications, such as esophagogastric anastomotic leaks 
or strictures, is relatively high as a result. The anastomotic 
leak rate after cervical esophagogastrostomy ranges be-
tween 3% and 20% in large surgical series. (34,45– 47). 

 With regard to colon interposition, several theoreti-
cal advantages have been suggested. The interposed co-
lonic segment separates the remaining esophageal mucosa 
from acid-producing gastric mucosa and duodenal con-
tent, as previously stated. The incidence of refl ux-induced 
complications, such as esophagitis, stricture, or Barrett’s 
esophagus, is low. The blood supply to the colon, when 
mobilized appropriately, is generally quite robust. The 
incidence of ischemic complications at the esophageal 
anastomosis, such as leaks or strictures, is also quite low. 
Watson et al. reported on 85 patients undergoing colonic 
interposition for benign disease, with an esophagocolonic 
leak rate of 3.5% and a need for postoperative anasto-
motic dilation in 5% (48). Both of these rates were much 
less than those after cervical esophagogastrostomy in their 
series, where anastomotic leaks occurred in 20% and the 
need for dilation in 30% of patients. Similarly, Briel et al. 
reported on 395 consecutive patients undergoing esopha-
gectomy for both malignant and benign disease (45). The 
development of either anastomotic leak or stricture was 
analyzed in patients undergoing gastric pull-up compared 
to colonic interposition. Leaks and strictures were more 
common (14.3% versus 6.1%,  P  = 0.013, 31.3% versus 
8.7%,  P  < 0.0001, respectively), and strictures were more 
severe after gastric pull-up. 

 The colon possesses a reservoir function, allow-
ing for a more normal meal capacity. The distal colonic 
segment and residual stomach remain in the positive 
pressure environment of the abdomen, helping to guard 
against refl ux. In some individuals, the stomach is not 
suitable or available for use as an esophageal substitute. 
In such cases, the colon may serve the purpose quite 
well and can be anastomosed distally to a Roux limb 
of jejunum if the antrum has been resected or there is a 

TABLE 62.6 
Occurrence of Intestinal Metaplasia after 

 Esophagectomy and Primary Esophagogastrostomy

Author # Patients % IM
Time until 
IM (yrs)

Hamilton (41) 17 18% 6.3–8.8

Oberg (42) 32  9% 8.5–10.4

Dresner (43) 40 22% 1.0–9.8

Lord (44) 20 20% N/A

Abbreviations: IM = intestinal metaplasia within esophageal 
remnant.
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signifi cant gastric outlet obstruction. Finally, if the inter-
posed colon becomes dilated or tortuous over the long 
term, it often can be successfully revised via a tailoring 
coloplasty or segmental resection (48,49). A dilated, tor-
tuous, or poorly emptying gastric pull-up, on the other 
hand, cannot be similarly remediated and requires re-
placement should signifi cant dysfunction develop. 

 Disadvantages of the colon as an esophageal substi-
tute are most apparent. The colon must be free of signifi -
cant pathology such as extensive diverticulosis, polyposis, 
or frank malignancy, and must be adequately evaluated 
and prepared for use, as for elective colon resection. 
Along with the need for 3 anastomoses (esophagocolonic, 
cologastric, and colocolonic), there is an inherently longer 
operative time, with a greater extent of mobilization and 
dissection compared to gastric pull-up. The operation may 
be technically challenging, especially in terms of preserv-
ing the arterial infl ow and venous drainage of the conduit. 
Seemingly minor mistakes in judgment or technique can 
have disastrous consequences with regard to maintenance 
of adequate vascularity. Leaks and/or strictures can occur 
at any of the anastomoses, and bowel obstruction can 
occur if the colonic mesentery is not adequately closed. 
Minimally invasive techniques for completion of the op-
eration have yet to be mastered. The colon is generally 
thought to be slower to allow resumption of alimentation 
compared to the stomach. Finally, and of great impor-
tance, is the fact that colon interpositions are known to 
become dilated and/or tortuous when in place for many 
years. Such redundancy can lead to problems with dys-
phagia, regurgitation, and/or aspiration, though surgical 
remediation is often feasible, as stated above. 

 Clinical experience with the jejunum as an esopha-
geal substitute is much less than with either stomach or 
colon. This fact is largely due to the limited extent to 
which the jejunum can be brought into the thorax, either 
as a Roux limb or a jejunal interposition, because of its 
short mesentery and tethered blood supply. Supercharged 
pedicled jejunum has been used with success for total 
esophageal replacement in esophageal cancer patients 
with limited reconstructive options (50). Of course, a 
free jejunal interposition can be placed wherever there is 

a suitable arterial infl ow and venous outfl ow, though it is 
a technically more demanding procedure than the other 
options due to the need for microvascular anastomoses. 

 The many published reports on esophageal re-
placement inherently refl ect an institutional or surgeon-
specifi c bias in terms of the types of reconstructions 
performed. Randomized trials comparing the differ-
ent reconstructive options are lacking. Analysis of the 
published reports reveals that they suffer from a lack 
of uniform assessment of long-term symptomatic and 
functional outcomes. The long time periods covered in 
the various reports also make results diffi cult to inter-
pret in the setting of changing surgeons, refi nements in 
operative technique, and advancements in perioperative 
care. Firm conclusions, therefore, regarding the optimal 
operative approach and esophageal replacement conduit 
for a given patient are lacking. Be that as it may, cur-
rent practice patterns reveal that the stomach is the most 
widely utilized esophageal substitute. 

 CONCLUSIONS 

 Esophagectomy for carcinoma remains a signifi cant sur-
gical undertaking best performed in high-volume centers 
with considerable experience and a well-established multi-
disciplinary team. Despite the magnitude of the operation 
and the comorbidities inherent to the cohort of patients 
presenting with esophageal cancer, esophageal resection 
can be accomplished successfully in selected  patients 
with low mortality and acceptable morbidity. Consider-
able judgment is required on the part of the surgeon in 
deciding upon an overall treatment strategy, appropriate 
candidates for surgery, assessment and optimization of 
comorbidities, choice of operative approach, timing of 
intervention, selection and preparation of an esophageal 
replacement conduit, and perioperative management. Ex-
perience in the technical details and nuances of the vari-
ous operative approaches is also critical to a successful 
outcome. Considerable controversy continues regarding 
the best operation for a given patient, though a procedure 
that the surgeon can perform safely is certainly best. 
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  63  Surgery Techniques: 
Anesthesia in the 
Esophageal Cancer Patient 

or those providing an anesthetic 
service, the primary goal is to main-
tain and, where possible, improve 
the safety and health of the patient 
undergoing a surgical intervention. 

Esophageal surgery presents special challenges to the an-
esthesiologist because of the comorbidities of the typical 
patient and the signifi cant risk of morbidity and mortality 
related to this class of surgery. Preanesthetic preparation 
focuses on identifying and optimizing the patient’s other 
medical conditions. Intraoperative management includes 
selection of anesthetic techniques and agents that will 
maintain homeostasis; provide amnesia, analgesia, and 
muscle relaxation; and ensure an optimal operating en-
vironment for the surgeon. Postoperative care addresses 
management of postsurgical pain and treatment of pul-
monary, cardiac, and other system derangements often 
associated with esophageal surgery. The anesthesiologist 
works closely with the surgeon, oncologist, critical care 
team, and other consultants to achieve these goals. This 
chapter provides the nonanesthesiologist physician in-
volved in the surgical care of esophageal cancer an over-
view of the anesthesia management for these patients. 

 GENERAL ANESTHETIC CONSIDERATIONS 

 Over the past several decades, the risk of signifi cant 
morbidity and mortality associated with anesthesia has 

decreased dramatically. The development of new anes-
thetic agents with improved therapeutic margins, the 
introduction of monitoring devices to quickly identify 
hypoxemia and inadequate ventilation, and enhanced 
understanding of the effects of anesthetic agents and sur-
gical interventions on the patient have all contributed 
to these improvements in care. In the 1999 Institute of 
Medicine (IOM) publication  To Err Is Human: Building 
a Safer Health System,  the IOM specifi cally recognized 
the specialty itself, the American Society of Anesthesi-
ologists and the Anesthesia Patient Safety Foundation as 
having a visible commitment to reducing errors and im-
proving patient safety (1). These advances have changed 
the risk-to-benefi t equation, allowing patients who were 
never before considered surgical candidates to undergo 
highly invasive and complex procedures. Esophageal 
surgery for cancer management clearly falls into this 
procedural category. 

 PREANESTHESIA EVALUATION 

 Patients receiving anesthesia care undergo a preanes-
thetic evaluation that is very similar to a new-patient visit 
evaluation and management service (2). The elements of 
the evaluation include identifi cation of the patient, a his-
tory of present illness, past medical and surgical history, 
identifi cation of prior anesthetic diffi culties, delineation 

 F

 Norman A. Cohen
Jeffrey R. Kirsch 



512 V • THERAPY

of medications and allergies, a personal and social his-
tory, family history of conditions relevant to anesthesia 
care such as malignant hyperthermia or pseudocholin-
esterase defi ciency, a thorough review of systems, and a 
physical examination to identify integumentary, airway, 
cardiac, pulmonary, and neurological anomalies as well 
as potential diffi culty with vascular access. 

 The anesthesiologist carefully reviews available 
medical records, confi rms the surgical consent with the 
patient, interprets available laboratory and diagnostic 
studies, reviews any medication orders from the surgical 
team, and, where indicated, discusses any special anes-
thetic requests or requirements with the surgical team. 
Based on the entirety of the evaluation, the anesthesiolo-
gist develops an anesthetic plan that includes the chosen 
technique, medications to be used or avoided, determi-
nation of the need for invasive monitoring, and vascular 
access requirements. Discussion of the anesthetic proce-
dure, alternatives where available, common and serious 
risks associated with the selected anesthetic technique, 
and solicitation and answering of any patient questions 
make up the anesthetic informed consent. The anesthesi-
ologist enters the fi ndings, assessment, and plan into the 
medical record before providing anesthesia care. 

 Proper evaluation leads to the development of an 
anesthetic plan that meets the specifi c needs of the indi-
vidual patient. From addressing the needs of the chronic 
pain patient to identifying patients who may be diffi cult 
to intubate with an endotracheal tube, the preanesthetic 
evaluation is a crucial and indispensable element in the 
safe delivery of anesthesia. 

 Comorbidities 

 Anesthesia morbidity ranges in severity from the minor 
to the serious. Minor morbidity is time limited and does 
not create permanent injury. This may include sore 
throat, hoarse voice, nausea, and postdural puncture 
headache. Serious anesthesia morbidity may involve re-
spiratory or cardiac adverse events, airway misadven-
tures, or drug reactions or interactions. Often the fi nal 
common expression for these incidents is brain injury, 
ranging from mild cognitive impairment through persis-
tent vegetative state or even brain death. Certain coex-
isting disease states present preoperatively may increase 
the frequency and severity of anesthesia morbidity. 

 Patients with esophageal cancer frequently have 
coexisting medical conditions that may affect anesthesia 
risk, alter anesthesia planning, or both. These conditions 
may be risk factors for the development of this cancer, 
frequently presenting comorbidities, or consequences 
of the disease itself. The following sections cover each 
category in turn, with attention to the need for further 
evaluation before surgery and implications for anesthe-
sia care. 

 Risk Factors for the Development of 
Esophageal Cancer 

 Smoking, heavy alcohol consumption, achalasia, esoph-
ageal diverticuli, and human papilloma virus infection 
appear to be risk factors for squamous cell carcinoma of 
the esophagus, while smoking, chronic gastroesophageal 
refl ux disease (GERD) including Barrett’s esophagitis, 
and risk factors for GERD such as obesity and certain 
medications that affect lower esophageal sphincter tone 
are risk factors for esophageal adenocarcinoma. 

 Tobacco 

 Tobacco use has been found to increase perioperative 
morbidity in a number of ways (3). In addition to de-
velopment of chronic obstructive pulmonary disease, the 
risk of myocardial infarction and thromboembolism in-
creases, as does pulmonary complications such as failure 
to wean from the ventilator in bariatric surgery patients 
(4). Recent exposure to cigarette smoke increases car-
boxyhemoglobin levels because of the presence of carbon 
monoxide in smoke. Carboxyhemoglobin reduces oxy-
gen delivery to end organs, leading to increased risk for 
coronary ischemia (5) and ventricular arrythmias (6). 

 Smokers undergoing ventral hernia repair (7) but 
not total hip arthroplasty have an increased risk of 
wound infection (8). Interestingly, smoking does not 
appear to affect the viability of vascular or free fl aps, 
perhaps because of preferential blood fl ow to skeletal 
muscle caused by nicotine (9–11). 

 The infl uence of tobacco use on pain perception 
appears to be complex, with chronic pain more fre-
quently seen in smokers and postoperative analgesic 
requirements being greater; however, acute tobacco use 
appears to increase the pain threshold, possibly because 
of the analgesic effects of nicotine itself (12). Smokers 
have a reduced incidence of nausea and vomiting post-
operatively. Tobacco use does have measurable effects on 
drug metabolism because of induction of the cytochrome 
P450 system and may also affect central nervous system 
response to benzodiazepines and other anesthetics. Pro-
pofol requirements for induction of anesthesia do appear 
to be increased; however, the effect is small (13). 

 Alcohol 

 Chronic alcohol use can create pathophysiological 
changes of importance to anesthesia care. In excess, this 
drug can alter hepatic function, induce hematological 
changes, contribute to coagulopathy, and potentiate the 
risk for postoperative cognitive dysfunction (14). Cir-
rhosis and portal hypertension can lead to increased 
perioperative bleeding from esophageal varices, platelet 
dysfunction, and coagulation factor defi ciencies. 
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 Alcohol appears to have only minimal effect on 
propofol drug pharmacokinetics and pharmacodynam-
ics (15). Conversely, the depressant affects of alcohol 
when combined with opioids increases the potential for 
respiratory depression. 

 Unrecognized or underappreciated chronic alcohol 
abuse may lead to the development of acute alcohol with-
drawal in the postoperative period. Alcohol withdrawal 
syndrome is a highly morbid condition, with a 9.7% 
risk of mortality in intensive care unit (ICU)  patients; 
furthermore, alcohol dependence is an independent pre-
dictor of organ failure, sepsis, and septic shock in those 
admitted to the ICU (16). 

 The anesthesiologist may consider interventions to 
reduce the potential for alcohol withdrawal syndrome. 
Regional anesthetic techniques to reduce postoperative 
analgesic needs and use of alpha 2 agonist therapy with 
agents such as clonidine and dexmedetomidine may be 
benefi cial in managing this syndrome (17). 

 GERD 

 In addition to being a predisposing factor for the devel-
opment of esophageal adenocarcinoma, reduced lower 
esophageal sphincter tone may increase the risk for pul-
monary aspiration of gastric contents during surgery, 
particularly during induction of and emergence from 
anesthesia. Aspiration is relatively infrequent, occur-
ring in 3.1 to 10.2 patients per 10,000 anesthetics in the 
United States (18). While pulmonary morbidity may be 
signifi cant, mortality is fairly low, ranging from 0% to 
4.6% of patients who aspirate during anesthesia. Fur-
thermore, chronic refl ux may lead to chronic and recur-
rent pulmonary aspiration, with deleterious affects on 
pulmonary gas exchange. 

 Techniques to reduce the risk of aspiration during 
anesthesia induction include treatment with nonpar-
ticulate antacids shortly before surgery (e.g., sodium 
citrate), maintenance of the patient on their chronic 
medications for GERD (e.g., ranitidine and pantopra-
zole) or treatment with these agents for untreated GERD 
patients, and a period of fasting before surgery to allow 
for maximal gastric emptying (19). Yamanaka et al. (20) 
demonstrated that oral omeprazole 20 mg signifi cantly 
decreased gastric acidity and volume in 13 patients un-
dergoing a rapid sequence induction, with a history of 
gastric tube reconstruction for esophageal cancer. 

 With symptomatic GERD, most anesthesiologists 
will elect to perform a “rapid-sequence induction” of 
anesthesia, fi rst described by Sellick in 1961 (21). This 
technique incorporates posterior cricoid pressure dur-
ing anesthesia induction. Since the cricoid consists of a 
circumferential ring of cartilage, pressure applied to the 
cricoid may help occlude the esophagus, thus reducing 

the possibility of gastric refl ux and pulmonary aspira-
tion once the patient loses his or her protective airway 
refl exes. In addition to cricoid pressure, the anesthesi-
ologist will typically not ventilate the patient from the 
time that the induction drugs and rapid acting muscle 
relaxant are administered, until the endotracheal tube 
has been placed into the trachea and the cuff has been 
infl ated. This technique requires ventilation with a 
100% oxygen mixture for several minutes before induc-
tion. This period of preoxygenation usually provides a 
 several-minute window of adequate arterial oxygen lev-
els during the apneic period. 

 Some controversy exists as to the effi cacy of cricoid 
pressure in reducing aspiration risk. Smith et al. (22), in 
a study evaluating anatomic changes via magnetic reso-
nance imaging, demonstrated that, before application of 
cricoid pressure, the esophagus is lateral to the trachea 
more than 50% of the time and that both lateral laryn-
geal displacement (67%) and airway compression (81%) 
occur with application of such pressure. In awake pa-
tients, cricoid pressure actually reduces lower esophageal 
sphincter tone; however, administration of remifentanil 
with or without propofol attenuates this relaxation (23). 

 When considering mask ventilation, cricoid pres-
sure does appear to reduce insuffl ation of air into the 
stomach (24). Butler and Sen (25) reviewed 241 papers 
published between 1950 and 2005, addressing emergent 
airway management. They ultimately focused on 3 pa-
pers that addressed whether cricoid pressure reduced the 
incidence of aspiration in patients undergoing emergency 
rapid sequence induction. They concluded that “there is 
little evidence to support the widely held belief that the 
application of cricoid pressure reduces the incidence of 
aspiration during a rapid sequence intubation,” noting 
that cricoid pressure may interfere with airway manage-
ment, create diffi culties with passing the endotracheal 
tube, and worsen the view on direct laryngoscopy. In 
addition, maintenance of cricoid pressure during active 
regurgitation could result in esophageal rupture, requir-
ing that cricoid pressure be discontinued if the patient 
begins to vomit (e.g., secondary to inadequate muscle 
relaxation). 

 Frequently Presenting Comorbidities 

 Esophageal cancer patients commonly present with 
other coexisting medical conditions that are not spe-
cifi cally risk factors for their cancer but that do signifi -
cantly contribute to perioperative morbidity. In the case 
of esophageal resection surgery, differentiating whether 
anesthesia, surgery, or both are the cause of serious 
morbidity may be very diffi cult; therefore, this discus-
sion will discuss the implications of coexisting disease 
on morbidity without focusing on causation. 
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 Analysis of tumor registries demonstrate that ap-
proximately 20% of esophageal cancer patients have 
pulmonary disease, cardiac disease, or diabetes; each 
occur in about 10% of patients, and 4% to 7% of pa-
tients present with 2 or more major comorbidities. Pres-
ence of comorbidities predict an increase in the 30-day 
postsurgical mortality, with an odds ratio of 1.5 to 1.6 
per comorbid condition (26). Given the fairly high prev-
alence of comorbid conditions, the anesthetic evaluation 
will focus on establishing the severity of the condition 
including other related systemic derangements, deter-
mining the condition’s stability, identifying conditions 
that may impact perioperative morbidity, and determin-
ing strategies to improve the patient’s health status be-
fore and throughout the perioperative period. 

 Managing cardiac risk is challenging because of vari-
ations in patient condition, lack of an accurate prediction 
tool, and limited randomized controlled trials evaluating 
management strategies. The combination of patient-spe-
cifi c factors such as the extent of atherosclerotic disease, 
surgical-specifi c elements including the risk for mechani-
cal injury to the heart, and the patient’s functional status 
have all been shown via multivariate analysis to predict 
the need for further investigation; however, guidelines for 
the use of specifi c studies (e.g., exercise or dobutamine 
echocardiography) most appropriate for the patient re-
main in question. When the patients do have signifi cant 
atherosclerotic disease, the most appropriate management 
strategies, such as percutaneous coronary interventions, 
statin therapy, beta receptor blockade, or the use of alpha-
2 agonists, should be tailored to the individual patient’s 
needs and preexisting conditions and therapies (27,28). 

 Historically, anesthesiologists have believed that se-
vere arterial hypertension signifi cantly increases the risk 
of perioperative morbidity. Practitioners often establish 
limits for elective surgery, such as a systolic blood pres-
sure over 200 or a diastolic blood pressure over 100. In 
the absence of other conditions, Howell et al. demon-
strated that isolated arterial hypertension has only a 
mild but statistically signifi cant risk for perioperative 
cardiac morbidity in patients undergoing surgery, with 
an odds ratio of 1.35 (29). 

 The development of atrial fi brillation (AF) periop-
eratively dramatically increases the incidence of a num-
ber of undesired outcomes, including stroke, mortality, 
length of stay, and overall cost of hospitalization. In an 
analysis of more than 2,500 thoracic surgery patients 
tracked via database prospectively, Vaporciyan et al. 
identifi ed risk factors for the development of AF using 
multivariate analysis. Esophageal resection had a sig-
nifi cant association with AF, with an odds ratio of 2.95. 
Other factors with positive predictive value included 
increasing age, male sex, intraoperative transfusion, 
history of congestive heart failure, arrhythmias, and pe-
ripheral vascular disease (30). 

 The American College of Physicians (ACP) recently 
published a practice guideline on risk assessment and 
management strategies to reduce perioperative pulmo-
nary complications (PPC) (31). The authors noted that 
PPC are as common as cardiac complications and con-
tribute equally to morbidity, mortality, and extended 
lengths of stay. 

 Many patients undergoing esophageal surgery for 
cancer have a number of characteristics identifi ed by the 
ACP as risk factors for pulmonary complications. These 
include American Society of Anesthesiologists (ASA) 
physical status (32) of 2 or greater, age greater than 60, 
chronic obstructive pulmonary disease, abdominal sur-
gery, thoracic surgery, use of general anesthesia, and a 
low serum albumin level. Other less common but equally 
worrisome predictors for PPC include congestive heart 
failure and functional dependence (being either partially 
or completely dependent on others for performance of 
normal activities of daily living); however, obesity and 
asthma do not appear to be reliable indicators. Other 
factors that may increase risk for PPC include obstructive 
sleep apnea, impaired level of consciousness, alcohol use, 
abnormalities on chest examination, and weight loss. 

 Advanced age is an independent predictor of in-
creased morbidity and mortality. Moskovitz et al. re-
ported that octogenarians have a surgical mortality 
from esophageal resection 3.9 fold greater than cohorts 
in the 50–79 age-group after correcting for comorbidi-
ties (33). 

 Recently, researchers have focused increasing at-
tention on the relationship between anesthesia, surgery, 
age, and postprocedure cognitive dysfunction (POCD). 
Newman and colleagues’ recent systematic review of 
the literature (34) demonstrated “relatively clear evi-
dence” of cognitive impairment 1 week after major (but 
not minor) surgical procedures and that this result ap-
pears to be more common in the elderly. Incidence did 
not signifi cantly differ by anesthetic technique. The stud-
ies currently available show “a little evidence” for long-
term cognitive dysfunction. The authors do caution that 
many of the studies looking at POCD lacked suffi cient 
numbers of subjects to demonstrate statistically signifi -
cant differences and also suffered from other method-
ological confounding factors, including neither control 
over types of surgery studied nor types of tests used for 
evaluating cognitive performance. 

 Sequelae of Esophageal Cancer 
Present at Surgery 

 Sequelae of esophageal cancer itself are often present at 
the time of surgery. These include malnutrition, anemia, 
chronic pain, recurrent laryngeal nerve injury, and hy-
percalcemia associated with paraneoplastic syndrome. 
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 Malnutrition has a number of deleterious effects on 
anesthesia care, warranting careful preanesthesia evalu-
ation. These effects include altered drug bioavailability, 
reduced colloid oncotic pressure, increased potential for 
coagulation disorders, and general functional impair-
ment. ASA physical status scoring proves to be a poor 
predictor of nutritional status and should be separately 
evaluated (35) using tools such as the Mini Nutritional 
Assessment (36). In addition to determining functional 
capacity, the anesthesiologist may consider additional 
preoperative testing to help assess and modify the 
 sequelae of malnutrition preoperatively. 

 Esophageal resection may be associated with suf-
fi cient intraoperative blood loss to require transfusion 
of red blood cells in the perioperative period. The pres-
ence of preoperative anemia may lead the anesthesiolo-
gist to have additional blood products available for the 
planned surgical procedure. The decision to transfuse 
preoperatively weighs the patient’s health status against 
the risks of transfusion. For example, moderate anemia, 
with a hemoglobin of 8 to 9 g/dL in a patient with stable 
but symptomatic ischemic heart disease, is more likely 
to lead to preoperative transfusion than the same val-
ues in an otherwise healthy patient. The risks of trans-
fusion are numerous and include transfusion reaction, 
infection, transfusion-related lung injury, and increased 
risk of cancer reoccurrence through immune system 
modulation. 

 The presence of chronic pain alters anesthetic 
planning. Multimodal analgesic therapies remain the 
cornerstone of managing this diffi cult problem. Use of 
nonopioid analgesics including NMDA antagonists (ket-
amine), alpha-2 agonists (clonidine, dexmedetomidine), 
nonsteroidal agents (acetaminophen, ketorolac, cele-
coxib), and certain anticonvulsants (gabapentin, pre-
gabelin) have all been shown to reduce postprocedural 
pain and intraoperative anesthetic requirements in major 
surgical procedures. In addition, thoracic epidural anes-
thesia (TEA) as an adjunct to general anesthesia reduces 
the need for postoperative ventilation and attenuates 
the endocrine and metabolic components of the surgical 
stress response, in addition to its analgesic role (see the 
following discussion) (37,38). TEA does not appear to 
attenuate immune system suppression that occurs with 
upper abdominal surgery (39). 

 Preoperative recurrent laryngeal nerve injury is an 
important fi nding. Its presence may alter decision mak-
ing regarding timing of extubation. Contralateral injury 
intraoperatively may lead to prolonged ventilator de-
pendence (40). 

 Hypercalcemia may present with anorexia, nau-
sea, vomiting, weakness, and polyuria. In severe cases, 
ataxia, lethargy, confusion, and even coma may occur. 
Because of the potential for major morbidity, treatment 
with intravenous hydration with saline followed by 

diuresis with a loop diuretic should occur as an initial 
step and should precede elective surgery. If anesthesia 
commences shortly after initiation of treatment, invasive 
assessment of fl uid status with central venous or pul-
monary artery pressure monitoring may be useful. Also, 
one should test for iatrogenic hypokalemia and hypo-
magnesemia intraoperatively. 

 INTRAOPERATIVE MANAGEMENT 

 During the intraoperative phase of the surgical inter-
vention, the anesthesiologist functions as the internist/
intensivist in the operating room, managing acute per-
turbations of chronic conditions and the pathophysi-
ological sequelae of the surgical intervention itself, all 
while making the patient insensible to pain and support-
ing vital cardiac and pulmonary function. These respon-
sibilities extend far beyond the classic anesthetic triad of 
amnesia, analgesia, and muscle relaxation. In the case of 
patients undergoing esophageal surgery for cancer, the 
anesthetic plan typically involves a general anesthetic 
with monitoring appropriate to the patient’s condition 
and the surgical approach. Rather than providing a 
primer on anesthesia, the following sections discuss the 
typical anesthetic management for esophageal cancer 
surgery and touch on anesthetic decision making that 
may play a role in improving outcome. 

 Anesthetic Management 

 The intraoperative phase of anesthesia management 
consists of induction of anesthesia, maintenance of 
the anesthetic state, and emergence from the effects 
of anesthesia medications suffi cient to allow the pa-
tient to regain consciousness, reacquire protective 
airway and other refl exes, and no longer require sup-
port of vital physiological functions. The primary an-
esthetic technique for esophageal resection operations 
is “general anesthesia” in which the anesthesiologist 
employs a combination of medications, typically via 
the  intravenous and inhalational routes, to produce un-
consciousness, pain relief, amnesia, muscle relaxation, 
and blunt the physiological response to noxious stimuli. 
Table 63.1 contains a listing of medications commonly 
administered during anesthesia organized by their phar-
macological class. 

 Monitoring 

 In addition to standard monitors, which include electro-
cardiogram, pulse oximetry, capnography, noninvasive 
blood pressure, and temperature (41), the anesthesiolo-
gist may employ additional tools to assess and manage 



516 V • THERAPY

the patient during the anesthetic. These include invasive 
monitoring lines, such as arterial, central venous, or 
pulmonary artery catheters, and minimally invasive or 
noninvasive techniques, such as processed electroen-
cephalographic monitoring to help assess likelihood of 
amnesia for intraoperative care and esophageal Doppler 
to optimize fl uid management (42). 

 Induction 

 On arrival in the surgical suite, the operating room team 
assists the patient in transferring to the surgical table 
and places monitoring devices as described here, and the 
patient breathes 100% oxygen for several minutes be-
fore induction of anesthesia. This period of preoxygen-
ation/denitrogenization helps prevent hypoxemia during 

anesthesia induction, even with a period of hypoventila-
tion or apnea. 

 Induction of anesthesia usually involves administra-
tion of an intravenous agent to produce unconsciousness, 
a neuromuscular blocking agent to facilitate endotracheal 
intubation, and often other adjunctive agents. Currently, 
the most commonly used induction agent is propofol, 
and other frequently used agents include sodium thio-
pental and etomidate. The choice of agent depends on 
a combination of personal preference, consideration of 
cost, and assessment of patient condition. In patients 
where development of hypotension is of great concern, 
etomidate may be the drug of choice, as it produces 
signifi cantly less venodilatation and cardiac depression 
than either thiopental or propofol. Inhalational induc-
tion of anesthesia is also an option in some patients, with 
sevofl urane being the preferred agent currently because 
of its low pungency and rapid onset of effect. 

 For rapid sequence intubation (see the previous 
discussion of GERD), the rapidly acting depolarizing 
muscle relaxant succinylcholine is often chosen; how-
ever, certain characteristics of this drug, such as causing 
a transient increase in potassium levels, the high rate of 
postoperative myalgias, and being a triggering agent for 
malignant hyperthermia, are contraindications in some 
patients. One may use nondepolarizing muscle relaxants 
at induction as well as during anesthetic maintenance. 
These drugs fall into 2 general categories: steroid-based 
(vecuronium, rocuronium, and pancuronium) and cu-
rariform (atracurium, cis-atricurium, and mivacurium) 
agents. Side effects of the drugs, duration of action, met-
abolic pathways, and patient conditions all play a role 
in drug selection. For example, the mild increase in heart 
rate seen with pancuronium may be suffi cient to coun-
teract the bradycardia induced by the synthetic opiates 
such as fentanyl, helping to maintain stable hemody-
namics; however, pancuronium’s duration is signifi cantly 
prolonged in patients with renal insuffi ciency (43), thus 
making its use in this setting less desirable. 

 After successful anesthetic induction, patients un-
dergoing esophageal cancer surgery require endotracheal 
intubation. While abdominal and abdominal-cervical 
surgical approaches do not typically require 1-lung ven-
tilation, most procedures with an intrathoracic compo-
nent do. If the surgery requires selective lung ventilation, 
the anesthesiologist will typically place either a double-
lumen endobronchial tube (Figure 63.1) or a bronchial 
blocker device (Figure 63.2). When the surgeon requests, 
the anesthesiologist will cease ventilation on the opera-
tive side, allowing the lung to defl ate via gas absorption 
and passive exhalation. This technique improves surgical 
exposure and reduces the risk of traumatic injury to the 
lung. The endobronchial tube has 2 lumens: one extends 
into the mainstem bronchus on either the right or the 
left side, and the other is shorter, ending in the trachea. 

TABLE 63.1
Commonly Used Anesthesia Medications 

and Their Classes

Medication class
Agents used in 
anesthesia

Volatile inhalational agents Isoflurane
Sevoflurane
Desflurane

Induction agents Propofol
Thiopental
Etomidate
Ketamine

Intravenous anesthetics Propofol
Dexmedatomidine

Opiates Fentanyl
Sufentanil
Hydromorphone

Amnestics/anxiolytics Midazolam
Diazepam
Dexmedatomidine

Depolarizing neuromuscular 
 blockers

Succinylcholine

Nondepolarizing 
 neuromuscular blockers

Vecuronium
Rocuronium
Pancuronium
Cis-atracurium
Mivacurium

Neuromuscular reversal 
 agents 

Neostigmine (usually 
with glycopyrrolate)
Edrophonium (usually
with atropine)
Sugammadex
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A bronchial blocker is typically a balloon-tip catheter 
that is advanced into the desired mainstem bronchus 
through the endotracheal tube. To initiate selective ven-
tilation, the anesthesiologist infl ates the balloon, thereby 
blocking ventilation to that lung. With both endobron-
chial tubes and bronchial blockers, the anesthesiologist 
typically uses a fl exible fi ber-optic bronchoscope to vi-
sually confi rm correct positioning. With correct place-
ment, the endobronchial lumen extends far enough 
into the right or left main stem bronchus to allow cuff 
infl ation without herniation into the trachea while not 
occluding the left or right upper lobe bronchus. The left-
sided endobronchial tube is often used in preference to 
a right-sided endobroncial tube because the right-sided 
endobronchial tube often occludes the right upper lobe 
bronchus, due to its close proximity to the carina. Al-
though 1-lung ventilation improves surgical exposure, 
it also worsens ventilation-perfusion mismatch and can 
cause intraoperative hypoxemia, particularly in patients 
with preexisting pulmonary dysfunction. 

 Maintenance 

 The period of time between induction into and emergence 
from anesthesia is known as the maintenance phase. 
During this period, the anesthesiologist maintains the 
anesthetic state, monitors for potentially adverse changes 
in the patient’s condition, and intervenes to return the 
patient to a state of homeostasis. The medications used 
to maintain anesthesia are numerous and include the 
volatile inhalational agents, intravenous anesthetics, opi-
ates, amnestics, and the neuromuscular blocking agents 
previously mentioned. Anesthesiologists typically use a 
combination of medications that produce desired effects 
while minimizing the often dose-dependent, undesirable 
side effects. While inhalational agents provide fi ne con-
trol over anesthetic depth and possess cardioprotective 
properties (44), higher doses lead to cardiac depression 
and hypotension and potentiate ventilation-perfusion 
mismatching (45). Similarly, a primary opioid anesthetic 
technique delivers excellent hemodynamic stability and 

FIGURE 63.1

Double-lumen endobronchial tube.
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analgesia while sometimes leading to prolonged depres-
sion of ventilation, inadequate amnesia, and the poten-
tial development of opioid-induced hyperalgesia (46). 

 In addition to undesirable effects of anesthesia 
medications, surgery itself often creates local tissue in-
jury and systemic effects. Esophageal resection creates 
a number of anesthetic challenges. In addition to the 
frequent requirement for 1-lung ventilation, lung and 
heart injury can occur secondary to surgical manipu-
lation, leading to hypoxemia, ventilatory insuffi ciency, 
arrhythmias, and impaired cardiac function. When 
performing surgery near vital structures, surgical hem-
orrhage is always a possibility, and optimizing fl uid 
administration to maintain cardiovascular function 
without creating compromising tissue edema is a chal-
lenge in these patients. 

 Hemodynamic Management 

 During the process of surgical exposure, resection and 
reanastomosis of the esophagus, injury to the heart may 
occur. Cardiac contusion can cause impaired contractility, 

diminished cardiac output, and hypotension. This outcome 
is possibly more likely in transhiatal resections because of 
the need for blind dissection near the heart. Treatment 
consists of fl uid optimization and addition of inotropes as 
indicated. 

 Even without injury, surgical manipulation can 
cause impaired cardiac venous return and, as a conse-
quence, hypotension. The anesthesiologist must con-
sider operative interventions as causes for the acute 
development of hemodynamic instability; furthermore, 
the anesthesiologist should keep the surgeon apprised of 
any signifi cant changes in vital signs, as the simple repo-
sitioning of a retractor, movement of a sponge, or other 
minor action may be corrective. 

 Anesthetic Strategies to Reduce Pulmonary Morbidity 

 Esophagectomy has been shown to cause a profound 
infl ammatory response (47). The magnitude of the in-
fl ammatory response and the presence of perioperative 
hypoxemia are predictors of postoperative pulmonary 

FIGURE 63.2

Bronchial blocker device.
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complications. Tandon and colleagues retrospectively 
reviewed the risk factors for acute lung injury follow-
ing esophagectomy, fi nding an association between 
adult respiratory distress syndrome (ARDS) and “a low 
pre-operative body mass index, a history of cigarette 
smoking, the experience of the surgeon, the duration of 
both the operation and of one-lung ventilation, and the 
occurrence of a post-operative anastomotic leak.” Ad-
ditionally, perioperative hypoxemia, hypotension, fl uid 
and blood administration, and anastomotic leaks also 
predicted ARDS (48). 

 Noting that ARDS patients benefi t from ventilation 
with low tidal volumes and positive end-expiratory pres-
sure (PEEP) by demonstrating improved gas exchange 
and overall outcomes and that this strategy appears to 
reduce levels of infl ammation as measured by cytokine 
levels, Michelet and colleagues prospectively evaluated a 
“protective ventilatory strategy” in esophagectomy pa-
tients without preexisting lung disease, receiving intraop-
erative 1-lung ventilation (49). The authors randomized 
patients to receive either conventional ventilation strate-
gies (9 mL/kg tidal volume and no PEEP during both 1- 
and 2-lung ventilation) or the low tidal volume + PEEP 
strategy (9 mL/kg 2-lung, 5 mL/kg 1-lung, and 5 cm 
H 2 0 PEEP throughout). The protective strategy demon-
strated reduced systemic infl ammation from the end of 
1-lung ventilation through the postoperative period, im-
proved oxygenation, reduced lung water, attenuation of 
the increase in airway plateau pressure, and duration of 
postoperative ventilation in the ICU. The groups did not 
differ in postoperative morbidity or ICU length of stay. 

 These studies suggest that simple alterations in in-
traoperative ventilatory management may have signifi -
cant implications for postsurgical outcome. At the very 
least, it has engendered signifi cant debate and is an ac-
tive area of exploration (50–53). 

 Blood and Fluid Management 

 On occasion, intraoperative bleeding can be brisk, fre-
quently requiring transfusion of red blood cells and other 
blood products. In deciding to transfuse, the anesthesi-
ologist must clinically assess, using indirect measures, 
whether oxygen delivery to the tissues is adequate and 
whether clotting factors and platelet levels are suffi cient. 
In collaboration with the surgeon, the decision whether 
to transfuse must then balance the known risks, includ-
ing infection, transfusion reaction, lung injury, and im-
munomodulation, against the clinical factors indicating 
a need for transfusion. 

 Even without bleeding, surgical dissection and tis-
sue manipulation create a fl uid shift from the intravas-
cular to interstitial compartments. Relative hypovolemia 
is common, with the extent of edema formation often 
enhanced because of lowered plasma oncotic pressure 

found in this malnourished patient population. Most 
anesthetic agents produce hypotension in the setting of 
hypovolemia. Brandstrup et al. recently demonstrated 
that fl uid restriction appears to reduce postoperative 
complications in colorectal surgery (54). 

 However, Wakeling et al. and Noblett et al. pro-
vided results that confl ict with those of Brandstrup. 
These researchers demonstrated that, in colorectal sur-
geries, fl uid optimization guided by Doppler ultrasound 
assessment of cardiac output, when compared to con-
ventional management, resulted in  increased  colloid 
fl uid administration, reduced time to return of bowel 
function, reduced gastrointestinal morbidity, reduced 
time to discharge readiness, reduced ICU admission rate, 
and reduced levels of the cytokine IL-6 (55,56). IL-6 is a 
marker of infl ammation. Although provocative, the role 
of Doppler assessment of fl uid management in esopha-
geal surgery has not yet been reported, at least in part 
because of the requirement for probe placement in the 
esophagus. 

 Emergence and Postprocedure Care 

 A major part of the art of anesthesia is providing a 
smooth transition from a level of surgical anesthesia 
to the awake state. This occurs over a relatively brief 
period of time and must be timed to avoid premature 
arousal so as to avoid disrupting the fi nal stages of the 
surgical procedure. 

 The process of emergence from anesthesia involves 
ceasing anesthetic medication administration, antagoniz-
ing neuromuscular blockade, facilitating the return to 
spontaneous ventilation, ensuring return of protective 
airway refl exes, and allowing the patient to return to con-
sciousness. The anesthesiologist must accomplish these 
tasks while maintaining adequate analgesia and blunting 
the potentially dangerous sympathetically  mediated hy-
perdynamic response to emergence. Emergence is a con-
tinuum that begins shortly before the conclusion of the 
surgical procedure and continues into and beyond the 
patient’s stay in the postanesthesia care unit (PACU). 

 Emerging from anesthesia is a relatively risky pe-
riod of anesthesia. In a French survey investigating the 
incidence of mortality secondary to anesthesia, 22% of 
all deaths attributed to anesthesia occurred in the PACU 
(57). Arbous and colleagues also carefully evaluated an-
esthesia related morbidity and mortality in a case con-
trol study involving all patients undergoing anesthesia in 
the Netherlands during 1995–1997 (58). In this study, 
reversal of neuromuscular blockade (odds ratio [OR] 
0.10) and opioids (OR 0.29), having 2 anesthesia pro-
viders present at emergence (OR 0.69), and postopera-
tive provision of opiates (OR 0.165), local anesthetics 
(OR 0.06), or both (OR 0.324) for analgesia were pre-
dictors of better outcomes. 
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 Removal of the endotracheal tube at the conclusion 
of surgery is desirable whenever possible and can occur 
after most esophagectomies (59). Adequate pain relief, 
often due to an effective epidural infusion (see the fol-
lowing section), and an uneventful surgical procedure, 
effective management of the patient’s comorbidities in 
the perioperative period, fl uid balance optimization, 
full reversal of neuromuscular blockade, hemodynamic 
stability, and minimal intraoperative lung injury usually 
lead to early extubation. 

 Medical decision making becomes much more chal-
lenging when one or more of these criteria are not fully 
met. The anesthesiologist seeks objective fi ndings of 
adequate ventilation and oxygenation with spirometry, 
capnography, and pulse oximetry. Evidence for return 
of muscle strength (e.g., at least 4 seconds of head lift, 
leg lift, or hand grasp) indicate fairly complete reversal 
of neuromuscular blockade. The anesthesiologist deter-
mines the level of consciousness, assesses the respira-
tory pattern, and evaluates for evidence of inadequately 
treated pain. Considering the subjective and objective 
fi ndings, the anesthesiologist uses clinical experience 
and judgment to determine the need for early postopera-
tive ventilatory or circulatory support. 

 Transport to the PACU or ICU occurs with supple-
mental oxygenation, elevation of the head of the bed as 
the patient tolerates to reduce aspiration risk (60,61) and 
to improve gas exchange, and monitoring of vital signs 
for longer transports or when the patient has shown he-
modynamic instability. 

 On arrival in the PACU or ICU, the anesthesiolo-
gist reports pertinent historical fi ndings, reviews the an-
esthetic course with the nurse receiving the patient, and 
provides orders for analgesics, the epidural (if placed), 
antiemetics, and oxygen and ventilator settings as neces-
sary. Report is also given to the intensivist. The anesthe-
siologist remains available for consultation in the PACU 
and will ensure coverage for the epidural infusion. 

 THORACIC EPIDURAL ANALGESIA 

 Thoracic epidural analgesia (TEA) for postoperative 
pain treatment has become a mainstay of therapy for 
surgical esophagectomy. Those involved in the care of 
these patients should understand the benefi ts, risks, and 
clinical management of TEA. It is imperative that the an-
esthesiologist place the catheter in the midthoracic area 
to maximize effi cacy and minimize side effects. 

 Effi cacy 

 The widespread introduction of TEA in the 1990s has 
led to earlier endotracheal extubation, earlier ambu-

lation, reduced ICU and hospital length of stay, and 
improved postoperative pulmonary function in esoph-
agectomy patients (62,63). Brodner and colleagues 
evaluated a multimodal approach that included TEA to 
control complications and enhance rehabilitation. After 
introduction of this modality, these researchers found 
that extubation, mobilization, ICU discharge, and inter-
mediate care discharge occurred earlier compared to a 
retrospective analysis of patients at the same institution 
prior to the protocol’s introduction (64). 

 Recently, Cense et al. demonstrated reduced pneu-
monia, reintubation, and postsurgical mortality rates as 
well as reduced ICU and hospital stays when compar-
ing transthoracic esophagectomy patients who either re-
ceived epidural analgesia for at least 2 days versus those 
who did not (65). 

 A retrospective study of patients undergoing sin-
gle-stage, en bloc esophagectomy with 2-fi eld lymph-
adenectomy at a single center evaluated risk factors 
for anastomotic leak. While cervical location of the 
anastomosis (OR 5.5) and development of ARDS (OR 
21.3) were independent predictors of developing a 
leak, TEA reduced the likelihood (OR 0.13) (66). In 
an animal model, Lázár and colleagues demonstrated 
that TEA improves gastric microcirculation in the set-
ting of experimental gastric tube formation, perhaps 
providing some explanation for the fi nding of reduced 
anastomotic failures in patients receiving epidural an-
algesia (67). 

 Explanations for improved outcome with epidural 
analgesia may include enhanced tissue oxygenation (68), 
reduced sympathetic tone, and an attenuation but not 
complete ablation of the stress response (69). TEA does 
not appear to alter immune response compared to gen-
eral anesthesia alone. In addition, earlier extubation and 
initiation of pulmonary physiotherapy may contribute 
to improved outcomes with TEA. 

 Risk 

 TEA is a fairly safe, minimally invasive method of pain 
control. Minor risks include tenderness at the insertion 
site, local infl ammation, dural puncture with possible 
postural headache, hypotension, pruritus, muscle weak-
ness, excessive numbness, failure to successfully place 
the catheter, and failure to provide adequate analgesia. 
Major risks include toxicity from intravascular or sub-
arachnoid injection, respiratory depression, local infec-
tion, epidural abscess, epidural hematoma, spinal cord 
injury, other nerve injury, and rarely death. In a meta-
analysis of studies comparing parenteral to lumbar or 
thoracic epidural analgesia, Block and colleagues (70) 
found that the “rates for all complications were rela-
tively low.” 
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 Wheatley et al. reviewed relevant studies published 
between 1976 and 2000 to determine the effi cacy and 
safety of postoperative epidural analgesia (71), and the 
authors concluded that the risks of serious neurological 
injury is quite low: 0.005% to 0.006% in retrospec-
tive studies and 0.03% in prospective analyses. While 
epidural hematoma is also a rare occurrence, the in-
creasing use of anticoagulants, such as warfarin and 
low-molecular-weight heparin (LMWH), in the peri-
operative period has led to an increased incidence of 
this complication. Current recommendations include 
24-hour dosing of LMWH and insertion or removal of 
the epidural at least 12 hours after the last dose. Anti-
platelet medications do not appear to increase the risk 
of epidural hematoma. 

 Epidural abscess is exceedingly rare with 2 reviews, 
totaling around 60,000 patients, showing no episodes 
at all (72,73). More recent studies demonstrate an in-
cidence of around 0.05% of catheter placements, with 
immunocompromised status (cancer, diabetes, chronic 
obstructive pulmonary disease, and so on), periopera-
tive anticoagulation, and duration of catheter placement 
(mean 11 days, median 6 days) being associated with 
this complication (74). 

 With a reasonably high benefi t-to-risk ratio, epi-
dural analgesia has proven to be a useful adjunct to the 
management of patients undergoing esophageal cancer 
surgery. Based on the evidence available, surgeons in-
creasingly request this modality, provided that their pa-
tients have reasonably normal coagulation function and 
no evidence of local or systemic infection. The physician 
placing the epidural should use strict aseptic technique, 
and the total period for an epidural to remain in place 
should be kept to a minimum because of the association 
between duration of catheter being in situ and epidural 
abscess formation. 

 Process 

 Typically, the anesthesiologist places the epidural pre-
operatively, usually in the midthoracic region, using 
strict aseptic technique. The anesthesiologist must test 
the catheter to confi rm that the catheter tip is not in a 
blood vessel or the subarachnoid space by injecting a 
small volume of a local anesthetic and epinephrine mix-
ture. If the catheter is subarachnoid, a spinal block will 
quickly develop, and if the catheter is in a blood vessel, 
the epinephrine will usually cause the patient’s heart rate 
to increase signifi cantly. This local anesthetic test dose 
will usually create a sensory block several dermatomes 
wide when administered epidurally, with the block cen-
tered at the level of the catheter tip position. 

 During the surgical procedure, the anesthesiologist 
may inject or infuse medications through the epidural 
catheter as an adjunct to general anesthesia. Whether 
or not this occurs, it is desirable to have created a sen-
sory block before emergence, as this will reduce the 
need for additional analgesics, blunt the hyperdynamic 
response to anesthetic emergence, and help provide a 
smooth transition to the initial stages of surgical recov-
ery. There is inconclusive evidence to support benefi t 
from preemptive analgesia with epidural dosing before 
skin incision. 

 The anesthesiologist, potentially working with 
an acute pain management team, will initiate an infu-
sion of medications through the epidural. The goals 
are to provide analgesia while minimizing side effects. 
These side effects include drowsiness, muscular weak-
ness, nausea, and respiratory depression. The infusion 
mixture usually consists of a local anesthetic, such as 
ropivacaine or bupivacaine, and an opioid, such as fen-
tanyl, sufentanil, morphine, or hydromorphone. The 
physician managing the epidural adjusts the infusion to 
provide a sensory block suffi cient to cover the incision 
and innervation to the involved organs. The patient 
typically receives an infusion for several days, provided 
that analgesia remains adequate and there is no evi-
dence of epidural site infection. The physician will ad-
just the epidural infusion rate and/or the concentration 
of agents being administered so that the patient can 
transition to less invasive means of pain control at the 
earliest reasonable opportunity. 

 CONCLUSION 

 Anesthetic management of patients undergoing esopha-
geal resection is challenging. Patients often have multiple 
comorbidities that increase the risk related to anesthe-
sia. The surgery requires special ventilatory techniques. 
The patients usually require invasive monitoring. Sur-
gical manipulation can create hemodynamic instability 
through bleeding, fl uid shifts, and direct effects on the 
heart and major vessels. The surgery itself has a high 
potential for inducing patient injury. 

 Anesthesia care is more than just keeping the pa-
tient still, free of pain, and unaware. By careful attention 
to preoperative assessment, a thorough understanding 
of the effects of anesthetic agents on these patients, tech-
nical profi ciency in placing invasive lines and epidural 
catheters, appropriate selection of ventilation param-
eters, and continuous optimization of fl uid status, the 
anesthesiologist can play a signifi cant role in improving 
outcomes for these patients. 



522 V • THERAPY

 References 
  1. Kohn LT, Corrigan J, Donaldson MS.  To Err Is Human: Building a Safer Health Sys-

tem.  Washington, DC: National Academies Press, 1999. 
  2. American Society of Anesthesiologists.  Basic Standards for Preanesthesia Care.  Park 

Ridge, IL: American Society of Anethesiologist; 2005. 
  3. Warner DO. Tobacco dependence in surgical patients.  Curr Opin Anaesthesiol.  

2007;20:279–283. 
  4. Livingston EH, Arterburn D, Schifftner TL, et al. National Surgical Quality Improve-

ment Program analysis of bariatric operations: modifi able risk factors contribute to 
bariatric surgical adverse outcomes.  J Am Coll Surg.  2006;203:625–633. 

  5. Aronow WS, Cassidy J, Vangrow JS, et al. Effect of cigarette smoking and breathing 
carbon monoxide on cardiovascular hemodynamics in anginal patients.  Circulation.  
1974;50:340–347. 

  6. Sheps DS, Herbst MC, Hinderliter AL, et al. Production of arrhythmias by elevated 
carboxyhemoglobin in patients with coronary artery disease.  Ann Intern Med.  
1990;113:343–351. 

  7. Finan KR, Vick CC, Kiefe CI, et al. Predictors of wound infection in ventral hernia 
repair.  Am J Surg.  2005;190:676–681. 

  8. Sadr Azodi O, Bellocco R, Eriksson K, et al. The impact of tobacco use and body 
mass index on the length of stay in hospital and the risk of post-operative compli-
cations among patients undergoing total hip replacement.  J Bone Joint Surg Br.  
2006;88:1316–1320. 

  9. Khouri RK, Cooley BC, Kunselman AR, et al. A prospective study of microvascular 
free-fl ap surgery and outcome.  Plast Reconstr Surg.  1998;102:711–721. 

  10. Mehrara BJ, Santoro TD, Arcilla E, et al. Complications after microvascular breast re-
construction: experience with 1195 fl aps.  Plast Reconstr Surg.  2006;118:1100–1109; 
discussion 1110–1111. 

  11. Fleming BP, Barron KW, Heesch CM, et al. Response of the arteriolar network in 
rat cremaster muscle to intraarterial infusion of nicotine.  Int J Microcirc Clin Exp.  
1989;8:275–292. 

  12. Flood P, Daniel D. Intranasal nicotine for postoperative pain treatment.  Anesthesiol-
ogy.  2004;101:1417–1421. 

  13. Lysakowski C, Dumont L, Czarnetzki C, et al. The effect of cigarette smoking on the 
hypnotic effi cacy of propofol.  Anaesthesia.  2006;61:826–831. 

  14. Hudetz JA, Iqbal Z, Gandhi SD, et al. Postoperative cognitive dysfunction in older 
patients with a history of alcohol abuse.  Anesthesiology.  2007;106:423–430. 

  15. Servin FS, Bougeois B, Gomeni R, et al. Pharmacokinetics of propofol administered by 
target-controlled infusion to alcoholic patients.  Anesthesiology.  2003;99:576–585. 

  16. O’Brien JMJ, Lu B, Ali NA, et al. Alcohol dependence is independently associated with 
sepsis, septic shock, and hospital mortality among adult intensive care unit patients. 
 Crit Care Med.  2007;35:345–350. 

  17. Maccioli GA. Dexmedetomidine to facilitate drug withdrawal.  Anesthesiology.  
2003;98:575–577. 

  18. Ng A, Smith G. Gastroesophageal refl ux and aspiration of gastric contents in anesthetic 
practice.  Anesth Analg.  2001;93:494–513. 

  19. Practice guidelines for preoperative fasting and the use of pharmacologic agents to 
reduce the risk of pulmonary aspiration: application to healthy patients undergoing 
elective procedures: a report by the American Society of Anesthesiologist Task Force 
on Preoperative Fasting.  Anesthesiology.  1999;90:896–905. 

  20. Yamanaka Y, Mammoto T, Kita T, et al. A study of 13 patients with gastric tube in 
place after esophageal resection: use of omeprazole to decrease gastric acidity and vol-
ume.  J Clin Anesth.  2001;13:370–373. 

  21. Sellick BA. Cricoid pressure to control regurgitation of stomach contents during induc-
tion of anaesthesia.  Lancet.  1961;2:404–406. 

  22. Smith KJ, Dobranowski J, Yip G, et al. Cricoid pressure displaces the esophagus: 
an observational study using magnetic resonance imaging.  Anesthesiology.  2003;99:
60–64. 

  23. Thorn K, Thorn SE, Wattwil M. The effects of cricoid pressure, remifentanil, and 
propofol on esophageal motility and the lower esophageal sphincter.  Anesth Analg.  
2005;100:1200–1203. 

  24. Lawes EG, Campbell I, Mercer D. Infl ation pressure, gastric insuffl ation and rapid 
sequence induction.  Br J Anaesth.  1987;59:315–318. 

  25. Butler J, Sen A. Best evidence topic report. Cricoid pressure in emergency rapid se-
quence induction.  Emerg Med J.  2005;22:815–816. 

  26. Steyerberg EW, Neville BA, Koppert LB, et al. Surgical mortality in patients with 
esophageal cancer: development and validation of a simple risk score.  J Clin Oncol.  
2006;24:4277–4284. 

  27. Ashley EA, Vagelos RH. Preoperative cardiac evaluation: mechanisms, assessment, and 
reduction of risk.  Thorac Surg Clin.  2005;15:263–275. 

  28. Auerbach AD, Goldman L. Beta-blockers and reduction of cardiac events in noncar-
diac surgery: scientifi c review.  JAMA.  2002;287:1435–1444. 

  29. Howell SJ, Sear JW, Foex P. Hypertension, hypertensive heart disease and perioperative 
cardiac risk.  Br J Anaesth.  2004;92:570–583. 

  30. Vaporciyan AA, Correa AM, Rice DC, et al. Risk factors associated with atrial fi brilla-
tion after noncardiac thoracic surgery: analysis of 2588 patients.  J Thorac Cardiovasc 
Surg.  2004;127:779–786. 

  31. Qaseem A, Snow V, Fitterman N, et al. Risk assessment for and strategies to reduce 
perioperative pulmonary complications for patients undergoing noncardiothoracic 
surgery: a guideline from the American College of Physicians.  Ann Intern Med.  
2006;144:575–580. 

  32. Owens WD, Felts JA, Spitznagel ELJ. ASA physical status classifi cations: a study of 
consistency of ratings.  Anesthesiology.  1978;49:239–243. 

  33. Moskovitz AH, Rizk NP, Venkatraman E, et al. Mortality increases for octogenar-
ians undergoing esophagogastrectomy for esophageal cancer.  Ann Thorac Surg.  
2006;82:2031–2036; discussion 2036. 

  34. Newman S, Stygall J, Hirani S, et al. Postoperative cognitive dysfunction after noncar-
diac surgery: a systematic review.  Anesthesiology.  2007;106:572–590. 

  35. Sakarya M, Karadag F, Luleci N, et al. [Relationship between nutrition and ASA-
classifi cation in the elderly].  Anasthesiol Intensivmed Notfallmed Schmerzther.  
2004;39:400–405. 

  36. Cohendy R, Rubenstein LZ, Eledjam JJ. The Mini Nutritional Assessment—Short 
Form for preoperative nutritional evaluation of elderly patients.  Aging (Milano).  
2001;13:293–297. 

  37. Scott NB, Turfrey DJ, Ray DA, et al. A prospective randomized study of the potential 
benefi ts of thoracic epidural anesthesia and analgesia in patients undergoing coronary 
artery bypass grafting.  Anesth Analg.  2001;93:528–535. 

  38. Bakhtiary F, Therapidis P, Dzemali O, et al. Impact of high thoracic epidural anesthesia 
on incidence of perioperative atrial fi brillation in off-pump coronary bypass grafting: 
a prospective randomized study.  J Thorac Cardiovasc Surg.  2007;134:460–464. 

  39. Kawasaki T, Ogata M, Kawasaki C, et al. Effects of epidural anaesthesia on surgi-
cal stress-induced immunosuppression during upper abdominal surgery.  Br J Anaesth.  
2007;98:196–203. 

  40. Wright CD, Zeitels SM. Recurrent laryngeal nerve injuries after esophagectomy. 
 Thorac Surg Clin.  2006;16:23–33, v. 

  41. American Society of Anesthesiologists.  Standards for Basic Anesthetic Monitoring.  
Park Ridge, IL: American Society of Anethesiologist; 2005. 

  42. Pub 100–03 Medicare National Coverage Determinations, Transmittal 76. 2007. http://
www.cms.hhs.gov/transmittals/downloads/R76NCD.pdf. Accessed November 4, 2008. 

  43. Somogyi AA, Shanks CA, Triggs EJ. The effect of renal failure on the disposition 
and neuromuscular blocking action of pancuronium bromide.  Eur J Clin Pharmacol.  
1977;12:23–29. 

  44. Zaugg M, Schaub MC, Foex P. Myocardial injury and its prevention in the periopera-
tive setting.  Br J Anaesth.  2004;93:21–33. 

  45. Dembinski R, Rossaint R, Kuhlen R. Modulating the pulmonary circulation: an up-
date.  Curr Opin Anaesthesiol.  2003;16:59–64. 

  46. Wilder-Smith OH, Arendt-Nielsen L. Postoperative hyperalgesia: its clinical importance 
and relevance.  Anesthesiology.  2006;104:601–607. 

  47. Kooguchi K, Kobayashi A, Kitamura Y, et al. Elevated expression of inducible nitric 
oxide synthase and infl ammatory cytokines in the alveolar macrophages after esopha-
gectomy.  Crit Care Med.  2002;30:71–76. 

  48. Tandon S, Batchelor A, Bullock R, et al. Peri-operative risk factors for acute lung injury 
after elective oesophagectomy.  Br J Anaesth.  2001;86:633–638. 

  49. Michelet P, D’Journo XB, Roch A, et al. Protective ventilation infl uences systemic 
infl ammation after esophagectomy: a randomized controlled study.  Anesthesiology.  
2006;105:911–919. 

  50. Choi G, Wolthuis EK, Bresser P, et al. Mechanical ventilation with lower tidal volumes 
and positive end-expiratory pressure prevents alveolar coagulation in patients without 
lung injury.  Anesthesiology.  2006;105:689–695. 

  51. Richard JC, Brochard L, Vandelet P, et al. Respective effects of end-expiratory and 
end-inspiratory pressures on alveolar recruitment in acute lung injury.  Crit Care Med.  
2003;31:89–92. 

  52. Senturk M. Protective ventilation during one-lung ventilation.  Anesthesiology.  
2007;107:176–177; author reply 177. 

  53. Schultz MJ, Haitsma JJ, Slutsky AS, et al. What tidal volumes should be used in pa-
tients without acute lung injury?  Anesthesiology.  2007;106:1226–1231. 

  54. Brandstrup B, Tonnesen H, Beier-Holgersen R, et al. Effects of intravenous fl uid restric-
tion on postoperative complications: comparison of two perioperative fl uid regimens: a 
randomized assessor-blinded multicenter trial.  Ann Surg.  2003;238:641–648. 

  55. Wakeling HG, McFall MR, Jenkins CS, et al. Intraoperative oesophageal Doppler 
guided fl uid management shortens postoperative hospital stay after major bowel sur-
gery.  Br J Anaesth.  2005;95:634–642. 

  56. Noblett SE, Snowden CP, Shenton BK, et al. Randomized clinical trial assessing the 
effect of Doppler-optimized fl uid management on outcome after elective colorectal re-
section.  Br J Surg.  2006;93:1069–1076. 

  57. Lienhart A, Auroy Y, Pequignot F, et al. Survey of anesthesia-related mortality in 
France.  Anesthesiology.  2006;105:1087–1097. 

  58. Arbous MS, Meursing AE, van Kleef JW, et al. Impact of anesthesia management char-
acteristics on severe morbidity and mortality.  Anesthesiology.  2005;102:257–268; quiz 
491–492. 

  59. Chandrashekar MV, Irving M, Wayman J, et al. Immediate extubation and epidural 
analgesia allow safe management in a high-dependency unit after two-stage oesopha-
gectomy: results of eight years of experience in a specialized upper gastrointestinal unit 
in a district general hospital.  Br J Anaesth.  2003; 90:474–479. 

  60. Torres A, Serra-Batlles J, Ros E, et al. Pulmonary aspiration of gastric contents in 
patients receiving mechanical ventilation: the effect of body position.  Ann Intern Med.  
1992;116:540–543. 

  61. Drakulovic MB, Torres A, Bauer TT, et al. Supine body position as a risk factor for 
nosocomial pneumonia in mechanically ventilated patients: a randomised trial.  Lancet.  
1999;354:1851–1858. 



 63 • SURGERY TECHNIQUES: ANESTHESIA IN THE ESOPHAGEAL CANCER PATIENT 523

  62. Orringer MB, Marshall B, Iannettoni MD. Transhiatal esophagectomy: clinical experi-
ence and refi nements.  Ann Surg.  1999;230:392–400; discussion 400–403. 

  63. Whooley BP, Law S, Murthy SC, et al. Analysis of reduced death and complication 
rates after esophageal resection.  Ann Surg.  2001;233:338–344. 

  64. Brodner G, Pogatzki E, Van Aken H, et al. A multimodal approach to control postop-
erative pathophysiology and rehabilitation in patients undergoing abdominothoracic 
esophagectomy.  Anesth Analg.  1998;86:228–234. 

  65. Cense HA, Lagarde SM, de Jong K, et al. Association of no epidural analgesia with 
postoperative morbidity and mortality after transthoracic esophageal cancer resection. 
 J Am Coll Surg.  2006;202:395–400. 

  66. Michelet P, D’Journo XB, Roch A, et al. Perioperative risk factors for anasto-
motic leakage after esophagectomy: infl uence of thoracic epidural analgesia.  Chest.  
2005;128:3461–3466. 

  67. Lázár G, Kaszaki J, Abraham S, et al. Thoracic epidural anesthesia improves the 
gastric microcirculation during experimental gastric tube formation.  Surgery.  
2003;134:799–805. 

  68. Kabon B, Fleischmann E, Treschan T, et al. Thoracic epidural anesthesia increases tissue 
oxygenation during major abdominal surgery.  Anesth Analg.  2003;97:1812–1817. 

  69. Yokoyama M, Itano Y, Katayama H, et al. The effects of continuous epidural anes-
thesia and analgesia on stress response and immune function in patients undergoing 
radical esophagectomy.  Anesth Analg.  2005;101:1521–1527. 

  70. Block BM, Liu SS, Rowlingson AJ, et al. Effi cacy of postoperative epidural analgesia: a 
meta-analysis.  JAMA.  2003;290:2455–2463. 

  71. Wheatley RG, Schug SA, Watson D. Safety and effi cacy of postoperative epidural anal-
gesia.  Br J Anaesth.  2001;87:47–61. 

  72. Kane RE. Neurologic defi cits following epidural or spinal anesthesia.  Anesth Analg.  
1981;60:150–161. 

  73. Dahlgren N, Tornebrandt K. Neurological complications after anaesthesia: a follow-up 
of 18,000 spinal and epidural anaesthetics performed over three years.  Acta Anaesthe-
siol Scand.  1995;39:872–880. 

  74. Wang LP, Hauerberg J, Schmidt JF. Incidence of spinal epidural abscess after epidural 
analgesia: a national 1-year survey.  Anesthesiology.  1999;91:1928–1936. 





525

  64  Surgery Techniques: 
Anastomotic Technique 
and Selection of Location 

 Simon Law 

he technique of esophageal anas-
tomosis seems a subject close to 
the heart of many surgeons. This 
may be related mainly to its pro-
pensity to leakage. Anastomotic 

leakage between the esophagus and the conduit used for 
esophageal replacement is the highest among any surgi-
cal anastomosis and is a dreaded complication because 
of its consequence. It remains a principal cause of surgi-
cal sepsis, and its associated morbidity and mortality is 
high. The incidence of this complication varies widely. A 
review of surgical series reported in the 1980s revealed 
an average leakage rate of 12% (1), but even in the mod-
ern era in specialized centers, rates of around 10% is 
sometimes seen (2). 

 Many aspects of esophagectomy are interrelated 
and infl uence the technique and the location of the 
esophageal anastomosis, such as whether a thoracot-
omy is used for resection; the intended proximal sur-
gical margin, which in turn is related to the location 
of the primary tumor; the preferred actual method of 
construction of the anastomosis; the philosophy to-
ward lymphadenectomy; and so forth. Improvement 
in surgical techniques is likely to reduce the incidence 
of leaks, while better management strategy may lead 
to a reduction in leak-related morbidity and mortality. 
Other anastomotic problems that are encountered in 
surgical practice are occurrence of anastomotic stricture 

and recurrences. Both  complications defeat one of the 
main aims of surgical resection: the relief of dysphagia. 
It is the purpose of this chapter to apprise some of these 
problems associated with the esophageal anastomosis. 
A section specifi cally on anastomotic leak is described, 
and aspects on stricture and recurrences are discussed 
where relevant. 

 TECHNIQUE OF ESOPHAGEAL ANASTOMOSIS 

 The esophageal anastomosis can be constructed with 
either a hand-sewn technique or by using the stapler, 
which can be a circular or a linear stapler. Individual 
surgeon preference determines what method of hand-
sewn anastomosis and which suture material are used. 
Careful preparation of the organs for anastomosis, me-
ticulous attention to technical details, and ensuring that 
the union is tension free result in a very low occurrence 
of anastomotic leakage. The method of anastomosis is 
perhaps less important than its proper application. This 
applies whether the method of anastomosis is 1 or 2 lay-
ered, interrupted or continuous, hand-sewn, or stapled. 

 In the author’s practice, all hand-sewn anastomo-
ses are performed in a standard manner regardless of the 
 location of anastomosis or type of substitute used. The 
circular stapler can be used for anastomosis in the chest 
or abdomen, but it is awkward to use in the neck because 

 T
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of limited bowel length and confi ned space. In general, 
in experienced hands, the stapled and hand-sewn tech-
niques give equivalent leakage rates. The stapled method 
may be less operator dependent. Long-term follow-up 
yields more stricture formation for the stapled method 
(3). The following describes the stapled anastomosis in 
an intrathoracic anastomosis (both using a circular and 
a linear side-to-side stapler) and the hand-sewn method 
suitable for any site. 

 Anastomosis with a Circular Stapler 

 For an intrathoracic anastomosis, the esophagus is usu-
ally transected at the apex of the thoracic cavity. With the 
esophagus slightly stretched, a Satinsky clamp is placed 
across the freed esophagus. The esophagus is divided 
below the Satinsky clamp by electrocautery. When the 
Satinsky clamp on the proximal divided esophagus is re-
leased, the esophagus retracts upward. Its wall is gently 
picked up with blunt forceps, and 6 fi ne stay sutures are 
placed at equal distances from each other, incorporating 
all layers of the esophagus and at a depth of 1 cm from 
the divided margin. It is best if the mucosa is fl ush with 
the muscular wall so that no excessive mucosal protru-
sion or retraction occurs. 

 An appropriate size stapler is chosen (Figure 64.1). 
The largest-size stapler that can be inserted safely into the 
esophagus is chosen because of the increased incidence 
of anastomotic stricture associated with the smaller-size 
staplers (3). A purse string is placed around the proximal 
esophagus using a strong monofi lament suture such as 
0-Prolene (polypropylene). This is chosen for its sliding 
property and strength. The purse string suture is placed 
from adventitia to mucosa starting at the middle of the 
anterior lip of the esophagus 5 mm from the edge. It is 
then brought out (mucosa to adventitia), and the subse-
quent suturing follows this direction over the edge of the 
esophagus to complete the circle, ending with both ends 
of the purse string on the outside (Figure 64.2). The stay 
sutures are kept tight during the placement of the purse 
string to ensure that each bite takes in an adequate tissue 
depth and is of full thickness. 

 For the insertion of the stapler shaft into the stom-
ach, a 2-cm anterior gastrotomy is made in its midbody 
with electrocautery. Held apart by Babcock forceps, the 
gastrotomy is dilated with the chosen sizer. The stapling 
instrument (without the anvil) is inserted into the stom-
ach toward the gastric fundus. The center rod of the sta-
pler shaft is advanced through a clear area on the back 
of the fundus near the apex, away from blood vessels 
and the linear staple line. Once the center rod has perfo-
rated the gastric wall, the anvil nut is securely fi tted and 
the center rod advanced. No purse string is necessary on 
the gastric side. 

 With the stay sutures held tightly apart, the anvil 
is inserted into the esophageal lumen. To facilitate in-
sertion, the anvil is fi rst tilted under the anterior lip 
of the esophageal wall, followed by the posterior lip. 
The alternate pulling of the anterior stay sutures and 
the posterior stay sutures will make placement of the 
esophageal circumference around the anvil easier and 
minimizes the risk of splitting the esophagus. After 
the placement of the entire anvil into the esophageal 

FIGURE 64.1

The stapled anastomosis. After the stapling instrument with-
out the anvil is introduced into the stomach via an anterior 
gastrotomy, the center rod is advanced through a clear area 
at the back of the gastric fundus near the apex. With the 
anvil securely fitted into the center rod, it is placed into the 
esophagus. E = esophagus; G = gastrotomy.

FIGURE 64.2

Appearance of the esophagus after tying the purse string 
around the anvil of the stapler; the whole device and the 
esophagus are gently pulled downward and outward, away 
from the back of the trachea and the mediastinum to avoid 
accidental inclusion of these structures. The stay sutures are 
cut and removed at this point.
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lumen, the purse string is tightened by sliding the 
monofi lament suture back and forth to close the edge 
of the esophagus around the center rod. The suture is 
securely fastened around the anvil. The stay sutures 
should be relaxed when the purse string is being tied 
and can be removed after the knot is secured. 

 Before closure of the anvil onto the stapler shaft, 
the anvil with the proximal esophagus is pulled down-
ward and outward to avoid incorporating the membra-
nous portion of the trachea. The wall of the stomach 
is also examined to ensure a smooth gastric surface on 
stapling. The anvil is then apposed to the shaft and fi red. 
The stapler is disengaged and removed by fi rst tilting the 
posterior part of the anvil through the anastomosis ring. 
Doughnuts of the esophagus and stomach are recovered 
from within the shaft and examined for completeness. 
The integrity of the anastomosis is inspected on the out-
side and also from the inside by placing 2 small retrac-
tors into the stomach. The anterior gastrotomy is closed 
with a continuous layer of fi ne monofi lament suture after 
advancement of the nasogastric tube into the stomach. 

 Anastomosis with a Side-to-Side Linear Stapler 

 This method is modifi ed from that reported by Collard 
(4) or Orringer (5). The gastric conduit is brought up to 
the thoracic cavity. The esophagus is divided, and stay 
stitches are applied. The stomach is transected with linear 
staplers and the specimen removed. The divided esopha-
gus is placed medial to the stomach tube. A small gas-
trotomy is made near the greater curvature and a linear 
stapler introduced (Antosuture Endo GIA 30–3.5; United 
States Surgical Corp., Norwalk, CT); the other limb of the 
stapler is inserted into the esophagus. The stapler is then 
fi red. The remaining opening is either closed with sutures 
or another stapler (Figures 64.3 and 64.4). This method 
creates a larger diameter anastomosis compared to an 
end-to-end or end-to-side anastomosis. In this method, 
a longer esophageal stump is generally  necessary; thus, it 
may not be very suitable for patients with superior medi-
astinal segment tumor, when the length of the proximal 
resection margin may be compromised. Similarly, when 
used in the neck, a longer esophageal stump and a suf-
fi ciently long enough stomach protruding into the neck 
are required for comfortable introduction of the linear 
stapler. 

 The Hand-Sewn Anastomosis 

 For the hand-sewn anastomosis, the steps in the prepara-
tion of the proximal esophagus are the same as described 
for the stapled anastomosis. Usually only 4 fi ne stay su-
tures are placed on the proximal esophagus. For a grossly 
dilated esophagus, more stay sutures are needed. 

 Whatever is used as the esophageal substitute, 
the technique for the anastomosis is the same. When 
the stomach is used, we commonly used the tip of the 
linear gastric stapled line where the stomach has been 
transected, as the gastric tube is usually made small, 
having resected the redundant fundus. The tip of 
this stapled line will fi nally be incorporated into the 
esophageal anastomosis. Initially a ring of seromuscu-
lar wall on the stomach is cut with electrocautery; the 
size can be adjusted to match the divided esophagus, 
although the stomach can usually be made smaller, as 
it tends to enlarge when stretched. The exposed but 
undivided mucosa is then grasped with another pair 
of forceps and divided fl ush with the previous cut on 
the serosa. This step allows a greater ring of mucosa to 
be removed, reducing excessive mucosal eversion. It is 
more convenient to have the stapled line facing anteri-
orly when the anastomosis is made. This makes a later 
step of incorporating the apex of this stapled line into 
the anastomosis easier. 

FIGURE 64.3

One lip of the linear stapler is placed through the gastrotomy 
into the stomach, while the other lip is in the divided esopha-
gus placed next to the greater curvature of the stomach.

FIGURE 64.4

The stapler has been fired, and the opening is closed by 
suturing.
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 The hand-sewn anastomosis is performed with a 
single layer of continuous monofi lament absorbable 
sutures, such as 4–0 polyglyconate (Maxon; Davis and 
Geck, Danbury, CT). This method of anastomosis re-
quires 2 single-armed sutures to be securely tied at the 
ends (Figure 64.5). The knot is used to anchor inside 
the bowel lumen, and also 2 lengths are available for 
use. Depending on the location of the anastomosis and 
where the surgeon is standing, the fi rst stitch can take 
the stomach or the esophagus. Thus, for a right-sided 
intrathoracic anastomosis with the surgeon standing at 
the back of the patient, the fi rst step is to pass 1 nee-
dle from the inside of the stomach to the outside and 
from the outside of the esophagus into its lumen, begin-
ning on the left border with the surgeon standing on 
the right side. By pulling the suture on the esophageal 
side, the knot brings the substitute to the esophagus. 
Using the needle from the esophageal side, this suture is 
then continued in an over-and-over manner to complete 
the posterior wall anastomosis. Full thickness bites of 
the substitute of at least 5 mm and full thickness of the 
esophageal wall at 5-mm depth and 5 mm apart are 
incorporated in the suture. When the posterior wall is 
completed  (Figure 64.6), the suture is continued around 
the corner in a similar manner to approximately one-
third the way across the anterior wall. At the right 
lateral angle, the suture takes the full thickness of the 
esophagus with a minimum of mucosa, and on the sub-
stitute only the seromuscular layer is incorporated, thus 
inverting the mucosa on both sides. When this part is 
completed, the suture is brought from within the lumen 
to the outside of the stomach. 

 The rest of the anterior wall anastomosis is begun 
on the left side with the other needle, which is fi rst 
brought to the outside through the esophageal wall. The 
anterior wall is then completed by taking only the sero-
muscular wall of the substitute but a full thickness of 
the esophagus with minimal mucosa. Once again, each 
needle pass should include 5 mm of each side. When the 
gastric stapled line is incorporated into the anastomosis 
in a T confi guration, it is inverted into the anastomosis. 
This can be achieved by taking slightly smaller bites of 
the seromuscular wall only on either sides of the staple 
line. This step is easier with the stapled line facing ante-
riorly. Before the anterior layer is fi nished, a radiopaque 
nasogastric tube is advanced through the anastomosis 
into the substitute by the anesthetist. Alternatively, a 
sterile tube is introduced into the substitute by the sur-
geon, and the proximal end of the tube is passed upward 
into the pharynx and brought out through the nose by 
the anesthetist. At the end of the anastomosis, the 2 su-
tures should be on opposite sides and can be simply tied 
(Figure 64.7). After tying, a metal clip is placed near the 
knot to mark the site of the anastomosis, which helps its 
identifi cation when a contrast study is performed later 

FIGURE 64.5

A left cervical esophagogastrostomy. The anastomosis is 
made using a continuous single-layer technique with 2 single-
  armed monofilament absorbable sutures tied at the ends. The 
esophageal lumen is opened up by 4 stay sutures. The first 
step is to pass 1 needle from the inside of the esophagus to 
the outside and from the outside of the stomach into its 
lumen. The posterior layer can then be completed using a 
continuous technique. Note that in this case the stapled line 
of the stomach is facing anteriorly; this will make later in-
version of this junction easier. Arrow pointing at the knot of 
the 2 sutures: this serves as an “anchor” inside the stomach 
lumen. E = esophagus; S = stomach.

FIGURE 64.6

The posterior wall of the anastomosis is completed. The su-
ture is seen emerging from the lumen of the esophagus after 
the posterior wall has been completed (large arrow). The 
other needle is passed from within the stomach wall to the 
outside (small arrow).
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(Figure 64.8). It is important to stress that the esopha-
gus and the substitute are merely apposed by the sutures 
with minimal tension. Excessive tension will result in tis-
sue strangulation. 

 Postoperative Management 

 It is the author’s experience that the nasogastric tube can 
be removed 3 to 4 days after surgery. Early removal also 
improves patient discomfort and encourages coughing. 
A meglumine diatrizoate (Gastrografi n) contrast swal-
low is performed 1 week after surgery for documenta-
tion, but this may be optional since anastomotic leakage 
is now a very rare occurrence and in any event is relevant 
only when leakage is clinically evident. The decision to 
advance oral diet is based on clinical parameters and not 
radiological appearance. 

 SELECTION OF LOCATION OF ANASTOMOSIS 

 Many considerations determine the location of the 
esophageal anastomosis. The location of the primary 
tumor is important. An inadequate resection margin 
may result in a histologically involved margin and 
hence subsequent recurrence. The reported prevalence 
of anastomotic tumor recurrence varied from 2% (6) to 
32% (7). The propensity of esophageal cancer to spread 
intramurally and to have multiple disparate tumors is 
well recognized and contributes in part to such recur-
rence. The prevalence of intraepithelial or subepithelial 
spread was as high as 46% and 54% in 1 report (8). 
Our own pathologic study by serial sectioning of re-
sected specimens showed a 26% incidence of intramu-
ral metastasis (9). The pattern of spread may vary with 
the depth of invasion of the primary lesion.  Contiguous 
intraepithelial spread frequently exists in early-stage 
cancer, whereas subepithelial lesions are found in ad-
vanced cancer. The deeper the wall penetration of the 
primary tumor, the further away such spread can take 
place (8). Some surgeons advocate routine subtotal 
esophagectomy with cervical anastomosis to attain the 
longest resection margin regardless of the site of the pri-
mary cancer. For tumors located in the superior medi-
astinal segment, a cervical anastomosis is mandatory. 
For tumors in the middle and lower esophagus, a choice 
exists. We have shown previously that the chance of 
anastomotic recurrence is a function of the length of 
proximal resection margin obtained at operation. In 
our patients, all patients who developed recurrences 
had a proximal margin of less than 5 cm (10). Taking 
into  account shrinkage of the specimen after resection 
(11), as a guide to surgery, an in situ margin of approxi-
mately 10 cm should be the aim (10,12). 

FIGURE 64.7

The anterior wall of the esophagus can be sutured to the 
stomach. When the stapled line of the stomach is incorpo-
rated into the anastomosis, making a T junction, the tip of the 
stapled line should be inverted into the anastomosis. This is 
accomplished by taking a small bite of the stomach adja-
cent to the stapled line at approximately 3 mm from the edge 
(large arrow). This will invert the stapled line when the su-
ture is tightened. When the left side is reached, the 2 sutures 
are tied together to complete the anastomosis.

FIGURE 64.8

The completed anastomosis. A metal clip (arrow) is placed 
near the knot to mark the site of the anastomosis for identifi-
cation in chest radiograph and subsequent contrast study.
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 The choice of surgical approach is another factor. 
Proponents of transhiatal resection would routinely per-
form cervical anastomosis (2). If thoracoscopic or laparo-
scopic esophagectomy is carried out, then it makes sense 
again for cervical anastomosis because of the relatively 
diffi cult intrathoracic anastomosis by minimally inva-
sive methods, such as the application of the purse-string 
suture and introduction of the stapler, although some in-
vestigators have overcome this problem with innovative 
modifi cations of technique (13). When a transthoracic 
open resection is performed, then either an intrathoracic 
anastomosis (Lewis-Tanner esopahgectomy) or a cer-
vical esophagectomy (3-phase esophagectomy) can be 
done. In general, when an intrathoracic anastomosis is 
performed, the higher the level of anastomosis, the more 
desirable it is because of the increased resection margin, 
and also less gastroesophageal refl ux symptoms result. 
In this regard, a narrower gastric tube makes “gastric 
retention” less likely and thus less refl ux. 

 Another consideration is the sequence of resection 
and reconstruction. For instance, the situation may arise 
when a previous gastrectomy exists in a patient and an 
open thoracotomy resection is planned. A laparotomy 
may be required fi rst to ensure that a vascularized con-
duit (such as a colonic loop) of adequate length is avail-
able for reconstruction. It is then customary to perform 
the reconstruction fi rst via the retrosternal route to the 
neck, followed by an open thoracotomy for tumor resec-
tion. In this manner, only 1 patient position change is 
required. When a 3-phase esophagectomy is performed 
beginning with a thoracotomy, again a cervical anasto-
mosis is easier to avoid a second position change. 

 The organ used for esophageal substitution infl u-
ences the location of the anastomosis. When a gastro-
esophageal junction tumor involving the gastric cardia 
is resected with a substantial portion of the proximal 
stomach, the “distal” stomach when used as the con-
duit may not be able to reach the neck, thus dictating 
an intrathoracic esophagogastrostomy. When a colonic 
interposition is carried out, the anastomosis is usually in 
the neck to allow a straighter path. When a jejunal con-
duit is used, an intrathoracic (via a thoracotomy) or low 
mediastinal (using a stapler via a widened abdominal 
diaphragmatic hiatus) anastomosis is preferred because 
of the tedious and often diffi cult preparation of the loop 
to reach the neck, risking ischemia. 

 The surgeon’s own anastomotic leakage rate is also 
a determinant of the anastomotic location because it is 
generally perceived that a cervical leak is easier to man-
age and is less lethal compared with a thoracic leak (14). 
Mortality rates associated with cervical and thoracic 
leaks were estimated to be around 20% and 60%, re-
spectively (1,15,16), although modern management has 
improved on this death rate. But if a surgeon is plagued 
by a high leakage rate, a cervical anastomosis seems more 

 appropriate. Unfortunately, the site of the esophageal 
anastomosis is also implicated as an important factor pre-
disposing to leakage. Cervical anastomoses seem to have 
a higher tendency to leak compared with intrathoracic 
anastomoses. Less than 10% of thoracic anastomoses 
and 10% to 25% of cervical anastomoses develop insuffi -
ciency (14,17–19). A higher leakage rate in the neck may 
be due to a longer route used (and hence tension created) 
and compression of the conduit at the thoracic inlet. In 
this respect the retrosternal route has higher leakage rates 
compared with the orthotopic route (20). 

 This higher leak rate in the neck, however, is not 
universal. It was reported by us and others that simi-
lar leakage rates occurred at the 2 sites (10,21,22). In 
addition, a cervical leak may not be truly confi ned to 
the neck since mediastinal contamination from above is 
common. However, multivariate analysis in our patients 
did show a higher anastomotic stricture rate with cervi-
cal anastomosis (10). 

 ETIOLOGY AND PREVENTION OF LEAKS 

 There are many theoretical reasons for why the esopha-
geal anastomosis is so prone to failure (17). The esoph-
agus is believed to be unfavorable anatomically for 
suturing; it has no serosa like the rest of the gastrointes-
tinal tract, its longitudinal muscle holds sutures poorly, 
and the anastomosis is carried out in poorly exposed, 
awkward positions. Other local factors include vascu-
lar (both arterial and venous) insuffi ciency to the gastric 
fundus (the most commonly used esophageal substitute), 
tension at the anastomosis, gastric distention in the early 
postoperative period, and compression at the thoracic 
inlet compromising a cervical anastomosis. Systemic 
factors include severe malnutrition, hypoalbuminemia, 
perioperative hypoxia, or hypotension. 

 That the esophageal wall is weak and does not 
hold sutures probably is not the main factor account-
ing for most anastomotic leaks. In the absence of ten-
sion at the anastomosis, its apparent “weakness” is 
not signifi cant. The stomach is usually of ample length 
to reach the neck, except perhaps when pharyngo-
gastric anastomosis is performed after pharyngolar-
yngoesophagectomy for cervical or hypopharyngeal 
cancers. It is claimed by some investigators that the 
generally higher leakage rates reported in surgical se-
ries from the West compared to that in the East is due 
to a lower gastric to thoracic length ratio in the former; 
it is 1.5 to 1.6 in the American population and 2.5 to 
2.9 in Japanese (23). The technique of “fundus rota-
tion gastroplasty” is used by some surgeons in order 
to preserve length as well as vascular supply from the 
left gastric vessels, and an extra 30% length can be 
added to the stomach (24,25). The method may well 
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be useful in some situations but oncological clearance 
may be compromised because of the high incidence of 
metastatic lymph nodes along the left gastric vessels 
and lesser curvature of the stomach (26–28). These 
may not be adequately cleared. 

 One important factor that contributes to leakage 
is tissue ischemia; this is more likely from the conduit 
than the esophagus. The esophagus has a rich submu-
cosal vascular network; this is evident from brisk bleed-
ing often encountered at the esophageal edge when it is 
cut. The stomach usually has an adequate blood sup-
ply if it is prepared with care. Corrosion casts study 
of the gastric conduit showed that the stomach blood 
fl ow can rely on the right gastroepiploic artery alone, 
with the best blood supply to a 4-cm gastric tube on the 
greater curvature (29). The right gastric artery can be 
divided if preservation results in tension to the esopha-
gogastric anastomosis (30). The colon’s blood supply is 
more variable, but preoperative arteriogram may help 
in identifying reliable vasculature and lessen the risk of 
graft failure. Arterial anatomic features are favorable in 
at least 80% of patients with arteriogram examination, 
and anastomotic leakage rate and graft failure can be 
less than 2% (31,32). 

 Vascular insuffi ciency of the conduit may result 
if its preparation results in bruising or kinking of the 
supplying vessels resulting in ischemia, often from in-
experience. Clinically inapparent ischemia of the gastric 
fundus probably contributes to anastomotic failure. The 
degree of gastric fundal oxygenation measured by oxim-
etry after stomach mobilization correlated with anasto-
mosis healing (33). Others have measured tissue blood 
fl ow using laser Doppler fl owmetry and intramucosal 
pH, and these were shown to play some role in pre-
dicting anastomotic leaks (34–36). Various innovative 
methods were proposed to improve vascular supply to 
the stomach tube. Some authors recommended using the 
splenic hilar vasculature following a splenectomy to pre-
serve blood supply to the gastric fundus (37); other tech-
niques include additional grafting of the vessel arcades 
of the substitute organ using microvascular techniques 
(38), preoperative embolization of the left gastric and 
splenic artery to “open up” vascular supply via the right 
gastroepiploic artery (39), and laparoscopic mobiliza-
tion of the stomach followed by a staged-transthoracic 
resection a few days later with an aim at “ischemic con-
ditioning” the gastric fundus to improve oxygenation 
(40). These methods are complicated and remain inves-
tigational. Their value in routine use seems limited since 
a low leakage rate can be obtained using conventional 
anastomotic techniques anyway. 

 The advent of the stapling device has lowered the 
incidence of leakage and was advocated as the preferred 
method of anastomosis (41–43). The result of circu-
lar stapling is certainly less operator dependent. Most 

surgeons prefer to staple high thoracic anastomosis 
and suture cervical anastomosis. The linear stapler has 
also been used with success in some centers for anas-
tomosis in the neck. One group reduced their cervical 
anastomotic leakage rate from 10% to 15% using a 
hand-sewn technique to 2.7% using linear staples with 
a side-to-side anastomosis (5). With experience, how-
ever, the hand-sewn method is as safe, if not more so, 
and certainly less expensive. In the author’s unit, leak 
rates used to be nearly 25% between 1964 and 1982, 
which has improved to less than 5% and is at present 
3% (10,44,45). 

 For hand anastomosis, a variety of methods are fa-
vored. The use of absorbable or nonabsorbable, 1- or 
2-layered, continuous, or interrupted sutures remain 
controversial (20,46–49). The results of most of these 
techniques are comparable. Other methods have been 
designed to lower leak rates. These include covering 
the anastomoses with omentum, pleura, or pericardial 
fat and using fi brin glue to spray the anastomosis (42,
50–52). None of these are of proven value. A study 
showed that a larger cross-sectional area of anastomo-
sis resulted in a lower leakage and stricture rate. One 
hundred patients who underwent transhiatal resections 
were randomized; in the fi rst group a crescent was ex-
cised from the anterior wall of the gastric fundus, and in 
the second group the fundus was merely opened trans-
versely for esophagogastric anastomosis. The leak rate 
was 4.3% in the fi rst group compared to 20.8% in the 
second (53). It is an interesting fi nding, though the reason 
is not readily apparent. Pooled data from randomized 
trials comparing stapled with hand-sewn esophagogas-
tric anastomoses, however, showed no signifi cant differ-
ence for leaks (stapled 9%, hand-sewn 8%) but a higher 
incidence of strictures in stapled anastomoses (stapled 
27%, hand-sewn 16%) (54). We had similar fi ndings 
in our own randomized trial (3). All our anastomoses 
are now hand-sewn regardless of anatomic sites. On the 
contrary, an interesting recent study compared 3 tech-
niques of anastomosis: hand-sewn, circular stapler, and 
side-to-side stapled anastomosis. With careful propensity 
matching, the investigators showed that leakage rates 
were similar for all 3 groups (4.3%, 4.3%, and 8.7%, 
respectively), but postoperative stricture rate was higher 
for the hand-sewn method (34.8% for the hand-sewn 
group vs. 8.7% for both the circular and the side-to-side 
method). The hand-sewn technique employed, however, 
was mostly a 2-layered interrupted method with silk 
sutures. Our own 1-layer technique with monofi lament 
suture has a stricture rate of 11% (10). 

 A drainage procedure in the form of a pyloroplasty 
or pyloromyotomy of the vagotomized stomach and 
the placement of a nasogastric tube help decompres-
sion of the gastric conduit in the early postoperative pe-
riod. This reduces distention and hence tension at the 
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 anastomosis. Furthermore, delayed gastric emptying is 
averted (55–57). 

 Avoiding excessive blood loss during surgery, good 
pulmonary and cardiovascular support postoperatively 
to avoid hypoxia and hypotension are also important. 
Other inconstant factors predisposing to leakage include 
radiotherapy, chemotherapy, diabetes, age of patient, 
cirrhosis, and cardiopulmonary diseases (17). Malig-
nant infi ltration of the esophageal resection margin was 
implicated in some studies (15,17) but not in others 
(48,58). In our own study, a positive resection margin 
did not predispose to anastomotic leakage (12). 

 Technical errors probably account for most cases 
of anastomotic leaks (48,49,59). A recent analysis of our 
patients who underwent transthoracic resection over a 
16-year period showed that of 17 leaks, at least 1 tech-
nical or surgical factor was identifi able that had the po-
tential to contribute to leakage. For example, patients 
in the leak group were signifi cantly more likely to have 
documented anastomotic technical diffi culty, damage 
to tracheobronchial tree, postoperative gastric outlet 
obstruction, and reexploration for mediastinal hemor-
rhage (45). The higher propensity of cervical anasto-
mosis to leak compared to its intrathoracic counterpart 
has already been mentioned. Many of the fi ner points 
in the construction of the esophageal anastomosis were 
described in the previous section. 

 ANASTOMOTIC LEAK: DIAGNOSIS 
AND MANAGEMENT 

 Early fulminant leaks within the fi rst 48 hours are usually 
due to punctate necrosis or gangrene of the conduit. The 
patient may present with septicemia, and a large volume 
of foul chest tube discharge may be evident. Operative 
intervention is mandatory. The conduit should be taken 
down, appropriate debridement and drainage of the tho-
racic cavity and mediastinum established, a cervical esoph-
agostomy performed, and a feeding enterostomy done for 
nutritional support. Maximum esophageal length should 
be preserved to ease future reconstruction. 

 Clinically apparent thoracic leaks usually take place 
within the fi rst week. It should be suspected in any pa-
tient who is not recovering adequately, such as in those 
who develop fever, tachycardia, arrhythmia, or poor 
arterial oxygenation. In our experience, onset of atrial 
arrhythmia may be an early indication of surgical sepsis, 
and a proactive search for a source, including anasto-
motic leak, is mandatory (60). This may be confi rmed 
by excessive output from the chest tube, which may be 
turbid in color or bile stained. Pleural collections on 
chest radiograph or computed tomography scans may 
be evident. Confi rmation can be obtained by giving the 
patient methylene blue dye orally and observing this dye 

appearing in the chest drainage. The location and mag-
nitude of the leak can be visualized by a water-soluble 
contrast study. A carefully performed fl exible endoscopic 
examination is also helpful to appreciate the site and 
size of leakage and should not aggravate the leak if done 
carefully. The treatment of anastomotic leaks should be 
individualized. For small contained leaks, conservative 
observation may suffi ce. In septic patients with a sizable 
leak, exploration is warranted. In selected patients, a 
combination of endoscopically guided nasogastric tube 
placement for decompression, nasocavity drain for col-
lection drainage, and nasojejunal tube for nutritional 
support, with or without radiologically guided percuta-
neous drainage, can be successful without the need for 
surgical reexploration. Direct repair is seldom possible 
or effective. 

 For a cervical anastomosis, leakage is suspected 
when there is infl ammation and pain of the neck wound. 
Turbid infected discharge is found when the skin stitches 
are removed. Leaks truly confi ned to the neck are simply 
treated by laying the wound open with daily washing 
and frequent change of dressing. The patient is usually 
not septic. Leaks that communicate with the mediasti-
num may require formal exploration and placement of 
mediastinal drains. 

 A more recently employed technique is the use of 
covered stents to occlude the fi stula. These can be me-
tallic (40,61,62) or plastic stents (63,64–66). Success 
in fi stula occlusion is generally high (> 90%), with con-
trol of sepsis, earlier alimentation, and shorter intensive 
care and hospital stay (63), although misplacement of 
stent may worsen the clinical situation, such as enlarg-
ing the leak (65). Depending on the type of stent used, 
subsequent removal may be diffi cult. Argon beam co-
agulation was reported as necessary to remove some 
stents (62). Removal of plastic stent seems easier. On 
the contrary, stent migration is also another concern. 
Migration rate can be up to 40%. Stent harvesting 
from the patients’ excrement has been reported (61). 
Certainly stent insertion for leak occlusion is an at-
tractive minimally invasive option. It is more suitable 
for intrathoracic compared to cervical leaks; the short 
proximal esophagus in the latter situation does not 
provide enough room for stent purchase, and in the-
ory migration is more likely. Some investigators have 
also reported on the use of a vicryl plug plus fi brin glue 
injection to hasten healing (67,68). This technique re-
mains investigational. 

 Subclinical leaks detected by contrast study only 
may be treated conservatively. Follow-up contrast study 
is done to monitor healing. Treatment is modifi ed if clin-
ical sepsis occurs or radiologic progression takes place. 
Drainage should also be considered in leaks close to the 
trachea or aorta, as bronchogastric fi stulation has been 
reported (69,70). 
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 Treatment of anastomotic leaks has improved over 
the years. At the author’s institute, leakage rate from 
1964 to 1982 was 16%; 61% of these patients died, 
making an overall leak-related mortality rate of 9.8% 
(44). From 1982 to 1998, leakage rate was 3.5%; 35% 
of patients died, and leak-related mortality rate was 

1.2% (45). In recent years (1996–2002), the correspond-
ing fi gures were 3.2%, 0% and 0%. Surgical experience 
should lead to lower leakage rates. A high index of sus-
picion, timely diagnosis, and intervention will lower the 
mortality rate from this feared complication of esopha-
geal surgery. 
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   65  Surgery Techniques: 
Conduit Preparation and 
Route of Reconstruction 

sophageal replacement after subtotal 
esophagectomy can be performed 
using stomach or colon. The small 
bowel is rarely suitable for total sub-
stitution of the esophagus. Jejunal 

interposition does have a place, however, for partial esoph-
ageal replacement of both proximal and distal esophagus. 
The construction of a gastric conduit and its pull-up is 
the technically simplest form for esophageal replacement. 
Furthermore, as it guarantees good long-term functional 
results, it has become the method of fi rst choice, especially 
after esophagectomy for cancer. It is only when the stom-
ach is not available because of previous gastric surgery or 
after esophagogastrectomy or in benign esophageal dis-
eases that colonic interposition is used. 

 Further, the location of the anastomosis (see the fol-
lowing chapter) and the route of the reconstruction have 
to be selected. Basically, the posterior or the anterior 
 mediastinum can be used for the pull-up of the conduit. The 
antesternal subcutaneous route is usually not indicated. The 
time of reconstruction can be chosen as either directly after 
esophageal resection as a 1-stage procedure or delayed. 

 STOMACH CONDUIT 

 History 

 The use of the stomach as esophageal replacement has 
been introduced by Kirschner in 1920 as a  nonresectional 

operative bypass. He mobilized the stomach and 
brought it antesternal subcutaneously up to the divided 
cervical esophagus. The application of gastric pull-up 
using either the orthotopic route in the posterior medi-
astinum or the retrosternal space after esophagectomy 
was introduced and standardized by Ong, Nakayama, 
and Akiyama. 

 Preoperative Examinations 

 The stomach may be used as an esophageal substitute 
only if it has not previously been operated on. Follow-
ing gastric resections, the length will be insuffi cient, and 
after vagotomy procedures the vascularization is doubt-
ful. If lesser procedures such as suturing of a bleeding 
ulcer or closure of a perforation have been performed, 
then a transposition of the stomach may be possible, but 
the vascularity should be checked at the beginning of the 
operation. A preoperative gastroscopy should be carried 
out to exclude any mucosal pathology and to confi rm 
the borders of the esophageal tumor. If the cancer is 
infi ltrating the cardia or the subcardial area, the safety 
margin between the lower edge of the tumor and the re-
section line of the gastric conduit may not be suffi cient. 
In this case, a narrow gastric tube can be constructed, or 
alternative methods of esophageal replacement have to 
be applied. In all cases in which the use of the stomach is 
doubtful, the colon should be prepared by preoperative 
bowel lavage and colonoscopy. 

 E

 Arnulf H. Hölscher 
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 Vascularization of the Stomach 

 The knowledge of the arterial blood supply of the stom-
ach is essential for the preparation of a well-vascularized 
gastric conduit (1). The arterial supply of the stomach 
originates from the celiac trunc. Four vessels are impor-
tant (Figure 65.1): 

 Left gastric artery 
 Right gastric artery 
 Right gastroepiploic artery 
 Left gastroepiploic artery 

 The  left gastric artery  comes mostly from the celiac 
trunk and runs to the subcardial lesser curvature. There 
it turns in an aboral direction and supplies the anterior 
and posterior gastric wall by small branches. 

 The  right gastric artery  originates from the proper 
hepatic artery and proceeds to the lesser curvature from 
the pylorus in an oral direction. By those means, an arte-
rial ring along the lesser curvature is completed with its 
strongest infl ow being from the left gastric artery. 

 The  right gastroepiploic artery  arises from the gas-
troduodenal artery and runs along the greater curvature 
in an oral direction. It is the most important artery for 
the conduit. 

 The  left gastroepiploic artery  originates from the 
splenic artery and runs through the gastrocolic liga-
ment parallel to the greater curvature in an aboral di-
rection. This artery gives gastric branches to both walls 
of the stomach and anastomosis mostly with the right 

•
•
•
•

 gastroepiploic artery. This arterial ring, however, can 
have considerable arterial variations. The upper part 
of the greater curvature and the fundus are further sup-
plied from the short gastric arteries, which arise from 
the splenic artery at the splenic hilus. 

 All 4 gastric arteries anastomosis between them-
selves directly or indirectly by intra- or extramural 
branches. This phenomenon preserves the vasculariza-
tion of the gastric conduit, which affords the division of 
the left gastric and left gastroepiploic artery. 

 The veins of the stomach lead the blood to the por-
tal vein and are of similar importance for a good conduit 
as the arteries. With only minor exceptions, they cor-
respond in their names and their course to the 4 gas-
tric arteries. The left gastric vein, or so-called coronary 
vein, and the left gastroepiploic vein as well as the short 
gastric veins have to be divided for mobilization of the 
conduit. 

 Open Surgical Technique 

 General Remarks 

 The patient lies in a supine position, and if a cervical 
esophagogastrostomy is planned, the head is turned to 
the right for an easy approach to the left side of the neck. 
The abdomen is opened by an upper midline incision in 
direction of the xiphoid process. An alternative is the 
combination of an upper midline and a transverse inci-
sion, which ensures a very good overview of the upper 
abdomen. The revision of the abdomen is important 
to rule out distant metastases and to clarify a possible 
tumor infi ltration of the cardia or the subcardial region. 
This has to be taken into account for tailoring the gastric 
conduit. 

 Preparation of the Stomach 

 The fi rst step is the dissection of the lesser omentum 
and the preparation of the right diaphragmatic crus (1). 
After incision of the peritoneal coverage of the abdomi-
nal esophagus, the hiatus is prepared and the esophagus 
taped (Figure 65.2). If an advanced distal tumor is infi l-
trating the cardia, a cuff of the crura of the diaphragm 
may be resected en bloc with the esophagus in order to 
increase radicality. The left crus is prepared, and neigh-
bored easily accessible upper short gastric vessels can 
also be dissected at this stage. The skeletonization of 
the stomach begins along the greater curvature outside 
the gastroepiploic arch in a thin transparent part of the 
gastrocolonic ligament. This can be facilitated by lift-
ing the stomach up with a forceps or the hand through 
the omental bursa along the lesser curvature. The skel-
etonization is performed stepwise fi rst in direction to the 

FIGURE 65.1

Normal vascular anatomy of the stomach and outline of con-
duit preparation.
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 fundus and then to the pylorus (Figure 65.3). After divid-
ing the left gastroepiploic artery and vein, the prepara-
tion of the short gastric vessels may be performed close 
to the gastric wall. The dissection of the gastrosplenic 
and the gastrocolic ligament is easiest with an “ultra-
sonic sheers” or “Ligasure” device but can also be done 
using ligations or suture ligations. As the gastroepiploic 
arch together with the right gastric artery will be the only 
contributors to the gastric tube, their preparation calls 
for the utmost care in order to guarantee their potency. 
Especially the origin of the right gastroepiploic artery 
and vein has to be handled with care (Figure 65.4). Adhe-
sions of the stomach and the duodenum to the gallblad-
der have to be dissected. The right colonic fl exure must 
be freed, and the duodenum should be mobilized with a 
Kocher maneuver so that the pylorus can move upward 
during the gastric pull-up. However, for an intrathoracic 
anastomosis of the gastric conduit, the complete Kocher 
maneuver mostly is not necessary. 

 Lymph Node Dissection 

 Now the stomach can be lifted up, and a good access to 
the omental burse is possible for the lymphadenectomy 
(Figure 65.5). The lymph nodes are dissected in a man-
ner similar to that which is carried out in gastric can-
cer. This means that all lymph nodes along the common 
 hepatic artery, the celiac trunc, and the medial part of the 
splenic artery are dissected and taken with the  specimen. 

FIGURE 65.2

Preparation of the distal esophagus in the lower mediastinum.

FIGURE 65.3

Skeletonization of the stomach outside the gastroepiploic arch.

FIGURE 65.4

Preservation of the right gastroepiploic artery and vein.
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The ligation of the left gastric artery and vein is  performed 
near its trunk of origin. After dissecting fi nal adhesions 
between the lesser curvature and the right and left crus, 
the stomach is completely freed except its connection to 
the esophagus and duodenum. 

 Formation of the Gastric Conduit 

 Choice of Procedure 

 The formation of the conduit depends on the location 
of the tumor, on the type of anastomosis (cervical or in-
trathoracic), and on whether the reconstruction is per-
formed with a gastric tube or the whole stomach. If an 
esophageal adenocarcinoma is infi ltrating the cardia or 
even the subcardial region, the safety margin toward the 
cardia has to be larger compared to a mid-esophageal 
squamous cell carcinoma. If an intrathoracic anastomo-
sis is planned, the fi nal tailoring of the conduit can be 
done in the chest, whereas for a cervical anastomosis, 
the conduit has to be fi nished in the abdomen. 

 The great majority of esophageal surgeons today 
use a gastric conduit of 4 to 5 cm in diameter (1,2). The 
arguments for the whole stomach are the preservation of 
the intramural vascular network and the greater reser-
voir (3). Another issue is the necessity of a pyloroplasty. 
Prospective randomized trials have shown that a pyloro-
plasty does not lead to signifi cantly better results than no 

pyloroplasty. Patients without pyloroplasty and delayed 
gastric emptying in the postoperative phase usually re-
cover or can have endoscopic pyloric balloon dilata-
tion. As an advantage, their long-term pyloric sphincter 
function is preserved, avoiding bile refl ux. If there are 
special indications, a Heinecke-Mikulicz procedure can 
be performed during conduit preparation in the typical 
way. However, leakages of this suture line can happen 
because of the stress after gastric pull-up. An alterna-
tive is the pyloric dilatation with a large forceps via an 
incision at the lesser curvature (1). This is the preferred 
method of the author in open surgery. The incision of 
the lesser curvature can be closed and stapled off with 
the resection of the lesser curvature later. 

 Intrathoracic Final Conduit Formation 

 If an intrathoracic esophagogastrostomy is planned, 
which is preferred by the author, the fat tissue of the 
lesser curvature between the middle and distal third is 
dissected in oral direction for 2 cm. After closure of the 
abdomen and right thoracotomy, the en bloc esopha-
gectomy is performed with dissection of the esophagus 
high up in the thorax. The entire stomach is pulled up 
in the right pleural cavity, and the circular stapler is in-
serted through an incision at the upper third of the lesser 
curvature (Figure 65.6[a]). The sharp tip of the stapler 
is perforated through the left anterior wall of the fun-
dus, and after connection and closure of the stapler, the 
anastomosis is performed. Now the esophagus, the right 
part of the fundus, and the upper two-thirds of the lesser 
curvature, including the former introduction site of the 
stapler, are resected en bloc after placing 1 or 2 TA 90 
linear staplers (Autosuture Covidien) (Figure 65.6[b]). 
The lesser curvature stapler line is oversewn with inter-
rupted 3.0 Vicryl sutures to avoid bleeding. This leaves 
a gastric conduit of 4 to 5 cm in diameter behind (Figure 
65.7). If the diaphragmatic hiatus is too wide f.e., in case 
of hiatal hernia the crus are narrowed by nonresorbable 
sutures but without stenosing the conduit. 

 Conduit for Cervical Anastomosis 

 This type of anastomosis affords the complete fi nishing 
of the conduit in the abdomen before gastric pull-up 
and esophagogastrostomy in the neck. The esophagus, 
which has previously been dissected by a transthoracic 
or transmediastinal approach, is pulled out of the esoph-
ageal hiatus for the fi nal preparation of the gastric tube. 
After dissecting the fat tissue and the vessels at the lesser 
curvature between the middle and distal third for 2 cm, 
the stomach is stretched by careful pulling at the highest 
point, which is quite a distance to the left of the cardia. 
One or 2 TA 90 stapler lines (Covidien) are now placed 

FIGURE 65.5

Dissection and suture ligation of the left gastric artery and 
vein and lymph node dissection at the common hepatic and 
splenic artery.
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between the area of skeletonization at the lesser curva-
ture and right to the highest point of the gastric fun-
dus (Figure 65.8). Before complete stapling, the pylorus 
dilatation can be performed with a long forceps inserted 
via the nonstapled area at the lesser curvature (see the 
previous discussion). The staple line can be oversewn by 

interrupted sutures in case of bleeding because electric 
coagulation should be avoided on the staples. The pull-
up of the gastric conduit should be done with special 
carefulness in order to avoid serosal tears and distur-
bance of intramural vascularization. Therefore, the pro-
cedure should be a combination of pushing and careful 
pulling under protection of a plastic bag. 

 Whole Stomach Conduit 

 It is possible to use the whole stomach rather than a 
gastric tube as the esophageal interposition. This can be 
performed only if the tumor is not infi ltrating the gas-
troesophageal junction. The skeletonization should start 
at the same point and in the same manner as for the 
formation of the gastric tube. However, it is continued 
along the lesser curvature up to the cardia as for highly 
selective vagotomy. The staple line using a TA 55 sta-
pler (Covidien) is then placed directly below the cardia 
to preserve the whole gastric fundus. Pyloric dilatation 
should be performed through an additional incision in 
the subcardial stomach, which is closed afterward by 
stapler. The alternative is a Heinecke-Mikulicz pyloro-
plasty. The advantage of using the whole stomach as 
the esophageal substitute is that the intramural vascular 
network at the lesser curvature is preserved and that the 
gastroesophageal anastomosis does not include the tan-
gential staple line at the highest point of the gastric fun-
dus (3,4). This may avoid a “locus minoris resistentiae” 
of such an anastomosis. 

 Laparoscopic Technique 

 The minimal invasive technique in conduit preparation 
follows the same rules as the open technique mentioned 
previously. The laparoscopic procedure is performed in 
supine position of the patient with straddled legs (2,5). 
The surgeon stands between the patient’s legs. Five ab-
dominal ports (9 × 5 mm and 4 × 11 mm) are used for the 
dissection. The gastrohepatic ligament is divided, and the 
right and left crura of the diaphragm are dissected. The 
phrenoesophageal membrane is divided, and the lower 
mediastinum is entered to dissect the lower esophagus. 
In case of distal esophageal carcinoma in advanced stage, 
superfi cial parts of the right and left crura are dissected 
and remain as a cover of the esophagus. The pericardium 
is prepared, and the right and left pleura are not opened. 
If the pleura is opened on 1 side, a chest tube is inserted. 
The stomach is freed by dividing the short gastric vessels 
using the Ligasure device (Autosuture, Covidien). The 
gastrocolic omentum is carefully divided, preserving the 
right gastroepiploic arcade. The right colonic fl exure is 
detached, and a Kocher maneuver is performed. Retro-
gastric adhesions are dissected, and the gastroduodenal 

FIGURE 65.6

Gastric pull-up into the right pleural cavity after esophagec-
tomy. (a) The stapler is pushed through an opening of the 
subcardial lesser curvature, and after perforation of the cen-
tral rod at the anterior wall of the fundus, it is connected 
with the purse string sutured anvil in the esophageal stump. 
(b) Resection of the lesser curvature and the gastrostomy en 
bloc with the esophagus by applying the TA 90 stapler and 
final formation of the gastric conduit.
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artery as well as the right gastroepiploic artery and vein 
are visualized. The stomach is retracted superiorly, and 
the superior edge of the pancreas is exposed. The com-
mon hepatic artery and the central part of the splenic 
artery are cleared of the surrounding lymphatic tissue. 

The fatty tissue around the origin of the left gastric artery 
and vein is dissected so that the lymph nodes of group 7 
remain at the left gastric artery. The left gastric vein is 
closed with the Ligasure. The left gastric artery is closed 
with 2 laparoclips and cut in between. The right gastric 

FIGURE 65.7

Final aspect after gastric pull-up and high intrathoracic esophagogastrostomy.
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artery is preserved. The fat tissue of the lesser curvature 
between the middle and distal third is dissected with the 
Ligasure in an oral direction of 2–3 cm. No pyloroplasty 
is performed during laparoscopy. In case of a narrow hia-
tus, the right crura are partially divided to allow an easy 
passage later of the gastric tube through the hiatus and 
to prevent gastric outlet obstruction. The 5 port sites are 
closed. 

 Ischemic Conditioning 

 Anatomic studies focusing on the gastric vascularization 
demonstrated a rarefaction of the intramural vessels of 
the upper part of the gastric conduit (4). Experiments 
in animals and clinical studies have shown that, after 
ligation of the left gastric and the left gastroepiploic 
artery, mucosal pCO 2  as indicator of microcirculation 

 signifi cantly rises and gastric blood fl ow is reduced to 
about 50% (6). Ischemic conditioning, also described as 
a delay phenomenon, is derived from the creation of skin 
fl aps. In animal experiments, the effect of conditioning is 
also well analyzed for the gastric conduit and esophago-
gastrostomy (7). The theoretical background is that after 
partial devascularization, the gastric conduit should re-
cover, and tissue perfusion should be improved prior to 
gastric pull-up and anastomosis to the esophagus. This 
should result in better prerequisites for anastomotic heal-
ing. Our own studies demonstrated that mucosal pCO 2  
of the stomach initially rises and declines to basic values 
4 to 5 days after devascularization and gastric pull-up 
(6). Therefore, the concept is laparoscopic preparation 
of the gastric conduit and delayed esophagectomy and 
reconstruction at the fi fth postoperative day (5). The 
patient is usually extubated in the operation room and 
transferred to the normal ward. He or she is allowed to 
drink liquids and soup as well as caloric drinks starting 
on the evening of the day of operation. Five days after 
the laparoscopic procedure, a right-sided transthoracic 
en bloc esophagectomy and esophagogastrostomy is 
performed. In a fi rst series of 83 patients, it was shown 
that laparoscopic ischemic conditioning of the stomach 
for esophageal replacement is feasible and safe. There 
was no 90-day mortality in this group of patients (5). 
The real indication for this procedure has to be defi ned 
in further studies; however, especially for risky patients, 
it can be an advantage. 

 COLON CONDUIT 

 Vascularization of the Colon 

 The arterial blood supply of the colon comes from the 
superior as well as the inferior mesenteric artery (Figure 
65.9). The requirements for a successful colon interposi-
tion are an artery and vein of adequate caliber extend-
ing continuously along a suffi cient length of colon (8). 
It is nearly always possible to prepare such a conduit of 
about 40 cm for esophageal replacement. The prerequi-
site is a careful complete mobilization of both colonic 
fl exures, the ascending, transverse, descending, and also, 
partially, sigmoid colon. By these means, the colon can 
be eventerated, and a diaphanoscopy of the mesentery 
can help clarify the vascularization. 

 Preoperative Examinations and Approach 

 Preoperative cleansing of the bowel and colonoscopy is 
suggested to detect and remove polyps. However, there 
are no evidence-based data showing that this is benefi cial 
(9). The patient should be placed in a supine position, 
and a long median laparotomy is most appropriate. 

FIGURE 65.8

Resection of the lesser curvature, the right part of the fundus 
en bloc with the esophagus and formation of a 4 to 5 wide 
gastric conduit by stapler.
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 Isoperistaltic Conduit 

 Standardized techniques of isoperistaltic colon conduit 
preparation should be preferred. Accumulated experi-
ence has resulted in the consensus that an isoperistaltic 
transplant is preferable to an anisoperistaltic graft, as 
refl ux and regurgitation are less and swallowing better 
(8). Therefore, this technique will be the major focus of 
discussion (1). 

 Transverse Colon 

 Remarks 

 According to our opinion, the best form of colon inter-
position is the transverse colon, including the right and 
left colonic fl exure pedicled on the ascending branch of 
the left colic artery (Figure 65.10). An advantage of this 
form is the good venous drainage from the left colic vein 
directly into the inferior mesenteric vein. For patients 
of normal size, the necessary length of the conduit is 
about 40 cm for a cervical anastomosis. This can easily 
be achieved with the transverse colon and both fl exures. 
It is always better to have a certain reserve in length and 
shorten the conduit later than to face the problem of 
missing length. 

 Preparation 

 The greater omentum is detached from the transverse 
colon, and both fl exures as well as the fetal adhesions of 
the cecum and the ascending, descending, and sigmoid 
colon are mobilized. Under diaphany of the colic mes-
entery, the following vessels are identifi ed and prepared 
(Figure 65.9): 

 1. Middle colic artery and its left and right branch 
 2. Left colic artery and its ascending branch 
 3. Descending branch of the left colic artery 
 4.  Marginal artery between the middle colic artery and 

the right colic artery 

 The veins accompanying these arteries are also detected. 
  The length of the necessary colon conduit is measured 
between neck and upper abdomen with a sterile centime-
ter scale, and this extent is marked with stay sutures on 
the colon. In order to simulate the later conduit vascu-
larization, artery number 1 is clamped at its origin with 
a bulldog, and also numbers 3 and 4 are  interrupted by 
bulldog clamps. If the vascularization remains undis-
turbed, these clamped arteries and their veins can be su-
ture ligated and cut. FIGURE 65.9

Vascular anatomy of the colon.

FIGURE 65.10

Conduit of the transverse colon pedicled on the ascending 
branch of the left colic artery.
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 The vascular parts of the mesentery are dissected, 
and the colon is stapled and cut with a GIA 60 (Covi-
dien) according to the extent of Figure 65.10. The oral 
part of the conduit is moved to the neck and placed on a 
sterile towel in front of the thorax. The pulsation of the 
marginal arteries and the adequate vascularization of the 
bowel are reconfi rmed. The ascending and descending 
colon are anastomosed end to end by 1 layer interrupted 
or running sutures, and the mesenteric gap is closed. The 
pedicle of conduit must be handled with special care to 
avoid strangulation or twisting. 

 Interposition 

 If the stomach is still in place, the colon conduit is pulled 
up behind the stomach so that the vascular pedicle is 
located retrogastric. If a cervical anastomosis is planned, 
the conduit is inserted in a plastic bag and carefully 
pulled to the neck through the posterior or anterior me-
diastinum (see the section “Route of Reconstruction” 
later in this chapter). The conduit should be extended 
in the mediastinum to avoid kinking (Figure 65.11). 
Redundant colonic length can be resected, but tension 
should also be avoided. 

 The cervical anastomosis should be performed end 
to end and splinted by a gastric tube (Figure 65.11). The 
gastrocolic anastomosis is performed to the front wall 
of the stomach most easily by circular stapler. A pyloro-
plasty  or pyloric dilatation  should be added in order to 
achieve adequate gastric emptying after esophagectomy 
with truncal vagotomy. If the stomach is also resected, 
the aboral end of the colon can be connected end to end 
to the duodenum or to the fi rst jejunal loop end to side 
by stapler or by suturing. In this case, bile refl ux into 
the colon conduit can be avoided by side-to-side Braun 
anastomosis at the basis of the jejunal loop or by forma-
tion of a jejunal Roux-en-Y loop. 

 If an intrathoracic anastomosis is planned, the con-
duit can fi rst be connected to the stomach and placed 
with the closed oral part through the hiatus into the 
right pleural cavity. After closure of the abdomen and 
right thoracotomy, the esophageal stump high up in the 
thorax can be anastomosed with the colon conduit end 
to side f.e. by stapler or end to end by sutures (see the 
anastomotic techniques discussed later). However, the 
length of the conduit has to be adapted to the individual 
circumstances eventually by segmental resection of the 
oral part. The conduit should lie straight in the mediasti-
num but without tension on the anastomosis. 

 Right Hemicolon 

 Some authors favor the isoperistaltic interposition of the 
right hemicolon up to the cecum or together with the 

FIGURE 65.11

Isoperistaltic interposition of the transverse colon between 
the cervical esophagus and the stomach. Reconstruction of 
the colon by ascendodescendostomy.

terminal ileum (Figure 65.12). The arterial blood sup-
ply comes from the middle colic artery, and the venous 
drainage results from the middle colic vein. As the mid-
dle colic artery is mostly large in diameter, this trans-
plant is very well vascularized. However, the middle 
colic artery and vein originate right of the midline, and 
after lifting up, the interponat kinking of this vessel to 
the left could be a problem for vascularization. If the dis-
tal ileum is preserved in continuity with the right hemi-
colon, the advantage is the same-size diameter for the 
anastomosis to the cervical esophagus. In this case, an 
appendectomy has to be added (Figure 65.13). The in-
terposition of the prepared graft follows the same rules 
as mentioned for the transverse colon conduit (see the 
previous discussion). 

 Anisoperistaltic Conduit 

 As mentioned previously, anisoperistaltic grafts should 
be avoided. However, in the case of vascular anatomic 
variations or previous colon operations, preparation of 
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 JEJUNUM CONDUIT 

 Replacement after Distal Esophageal Resection 

 Replacement of the distal esophagus can be necessary in 
2 situations: 

 1.  After extended total gastrectomy with transhiatal 
distal esophageal resection for advanced adenocarci-
noma of the gastroesophageal junction 

 2.  After vagal sparing transhiatal distal esophageal 
 resection with upper gastric resection (Merendino 
operation) for mucosal Barrett’s or cardia carcinoma 
or chronic peptic stenosis 

 In the fi rst situation, the best reconstruction is per-
formed with a long Roux-en-Y loop and transhiatal end-
to-side esophagojejunostomy by stapler (see the chapter 
on adenocarcinoma of the gastroesophageal junction). 

 In the second situation, a 15-cm segment of the 
upper jejunum is prepared with a long vascular pedicle 
of good arterial infl ow and adequate venous drainage 

FIGURE 65.12

Conduit of the right hemicolon with distal ileum pedicled on 
the right colic artery.

an isoperistaltic conduit can be impossible. In this situa-
tion, a transverse colon conduit can also be pedicled on 
the middle colic artery. The ascending colon is then dis-
sected about 10 cm orad of the right colonic fl exure and 
the left hemicolon in the area of the left colonic fl exure 
or more aborad according to the needed length (Figure 
65.14). The interposition is performed corresponding to 
the same technical criteria as described for the isoperi-
staltic colon interposition (Figure 65.15). 

 Cervical Supercharge 

 If the vascularization of the upper part of the transverse 
colon conduit after isoperistaltic pull-up to the neck 
seems insuffi cient, an additional vascular anastomosis 
can be performed between the stump of the middle colic 
artery with the inferior thyroid artery or branches of the 
carotid artery (10,11). A venous anastomosis can be con-
structed between the middle colic vein and the internal 
jugular vein or its branches. For this purpose, it is neces-
sary to leave long stumps of these colonic vessels during 
conduit preparation and to spare a long f.e. inferior thy-
roid artery during preparation of the cervical esophagus. 
The vascular anastomosis are sutured in microsurgical 
technique (see the section “Free Jejunal Interposition 
After Cervical Esophagectomy” later in this chapter). 

FIGURE 65.13

Isoperistaltic interposition of the right hemicolon. Cervical 
anastomosis between esophagus and ileum.



 65 • SURGERY TECHNIQUES: CONDUIT PREPARATION AND ROUTE OF RECONSTRUCTION 545

(12,13). This loop is elevated in isoperistaltic manner 
into the lower mediastinum with retrocolic and retro-
gastric guidance of the pedicle (Figure 65.16). The tran-
shiatal esophagojejunostomy is performed end to side 
and the jejunogastrostomy to the fundus via gastrotomy 
end to side each by circular stapler. The jejunum is 
 reconstructed by end-to-end anastomosis. 

 Replacement after Subtotal Esophagectomy 

 The reconstruction of the whole esophagus by jeju-
num is considered only if the stomach or colon is not 
available because of previous operations or specifi c 
diseases. The reason is the limitation of the mesenteric 
blood supply. Only in special cases do the mesenteric 
arcades of the jejunum show an anatomy that allows 
the construction of a well-vascularized loop of suffi cient 
length (Figure 65.17). However, advances in microsur-
gical technique have expanded the signifi cance of the 
jejunum in  esophageal replacement by the creation of 
longer loops through supercharging (14,15). This means 

 microvascular augmentation of the proximal mesenteric 
circulation of a jejunal conduit through arterial or venous 
anastomoses to internal thoracic or cervical vessels. The 
safety of this procedure is increased by a monitor fl ap 
that is left attached to the proximal revascularized mes-
enteric arcade and then externalized through the cervi-
cal wound. After 7 to 10 days postoperative and proven 
viable jejunal loop, the monitor fl ap can be removed by 
ligating and dividing its pedicle at the skin level. 

 Free Jejunal Interposition after Cervical 
Esophagectomy 

 After resection of the cervical esophagus via a left cer-
vical incision and upper sternotomy, the reconstruction 
can be performed with a free jejunal transplant (1,11,16). 
This affords microvascular arterial and venous anas-
tomoses between the mesenteric vessels and appropri-
ate cervical vessels like the inferior or superior thyroid 
artery and the internal jugular vein (Figure 65.18). 

FIGURE 65.14

Anisoperistaltic conduit of the transverse colon and right 
 colonic flexure pedicled on the middle colic artery and vein.

FIGURE 65.15

Anisoperistaltic colon interposition of the transverse colon 
and the right colonic flexure.
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The  hypopharynx is anastomosed end to side to the 
upper part of the isoperistaltic jejunum and its lower 
part end to end or side to end to the esophagus. The je-
junal segment of about 15 cm has to be chosen and pre-
pared with special care, especially concerning adequate 
diameter and length of the vessels. An alternative is a 
segment of the distal ileum pedicled on the distal part of 
the ileocolic artery. A temporary monitor fl ap as men-
tioned for the cervical supercharge of a long jejunal graft 
is also recommended for the free jejunal interposition. 

 ROUTE OF RECONSTRUCTION 

 Posterior Mediastinum 

 The best route of reconstruction after subtotal esoph-
agectomy is the orthotopic one because it is the most 
physiologic and the shortest way. However, this route 
can be disadvantageous because of local tumor recur-
rence, especially in case of incomplete resection of the 
esophageal cancer. Further postoperative irradiation of 
the former esophageal bed may be harmful to the con-
duit in the posterior mediastinum. 

 Retrosternal 

 An alternative is the retrosternal route in the anterior 
mediastinum. On average, this way is 5 cm longer than 
the orthotopic one and leads to a little kinking of the 

FIGURE 65.16

Merendino operation: resection of the distal esophagus and 
cardia and isoperistaltic jejunal interposition.

FIGURE 65.17

Technique of jejunal loop preparation for replacement after 
subtotal esophagectomy.
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 Conditioning of the Conduit 

 However, the conditioning of the stomach after lapa-
roscopic mobilization and reconstruction after a 5-day 
 interval to improve gastric vascularization may have 
some indications (see the previous discussion) (5). 

 Esophagectomy with Delayed Reconstruction 

 An alternative concept with intention to reduce morbid-
ity and mortality after esophagectomy is the initial trans-
thoracic esophagectomy and delayed reconstruction after 
10 to 14 days. This 2-stage procedure has been described 
for high-risk patients especially with poor functional 
status after neoadjuvant chemoradiation (17,18). How-
ever, the disadvantages of this principle are the need for 
a temporary cervical esophagostoma, no possibility of 
 intrathoracic anastomosis, and the reconstruction always 
through the longer route of the anterior mediastinum.  

FIGURE 65.18

(A) Free jejunal transfer between hypopharynx end to side. Thoracic esophagus end to end or side to end (B) with microvascular 
arterial and venous anastomosis.

conduit at the junction between the thoracic inlet and 
the neck. This can cause problems of vascularization of 
the oral part of the conduit and in long-run swallowing 
disorders. 

 Antesternal 

 Today the antesternal subcutaneous route is nearly out 
of use because it is even more longer, functionally dif-
fi cult, and cosmetically inappropriate. This route should 
be considered only in cases without alternatives. 

 TIME OF RECONSTRUCTION 

 One Stage 

 The standard is the 1-stage procedure of esophagectomy 
and immediate replacement mostly by gastric conduit. 
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Vagal-Sparing 
Esophagectomy 

 Steven R. DeMeester 

denocarcinoma of the esophagus 
has the fastest-rising incidence of 
any cancer in the United States 
and develops as a consequence of 
chronic gastroesophageal refl ux 

disease (1). Barrett’s esophagus is the precursor lesion 
from which adenocarcinoma develops, and surveillance 
programs have led to the detection of high-grade dys-
plasia and early-stage adenocarcinoma in an increas-
ing number of patients. Both high-grade dysplasia and 
intramucosal adenocarcinoma, while potentially lethal, 
are curable lesions in most patients (2–4). Although new 
technologies allow some patients to be treated endo-
scopically, esophagectomy remains the standard of care 
for the defi nitive management of these lesions. 

 Patients with only high-grade dysplasia are uni-
formly cured with esophagectomy since invasive cancer 
has not developed and will not after removal of all the 
Barrett’s mucosa. However, a number of surgical series 
have demonstrated that despite extensive preresection 
biopsies, 30% to 50% of patients thought only to have 
high-grade dysplasia will in fact have an invasive cancer 
in the resected specimen (5,6). In the absence of a visible 
ulcer or nodule on endoscopy, these occult adenocarci-
nomas have always been limited to the mucosa in our 
experience (5). In contrast, if a lesion of any sort is seen 
endoscopically within the columnar-lined portion of 
the esophagus, that lesion is at high risk to be a cancer. 

 Further, any visible lesion that on biopsy shows adenocar-
cinoma cannot be assumed to be limited to the mucosa, 
regardless of the size or appearance of the lesion. Even 
very small lesions may penetrate into the  submucosa; 
thus, the endoscopic appearance of the lesion can not 
be used to determine the “T” stage. It was hoped that 
endoscopic ultrasound would allow accurate determi-
nation of intramucosal versus submucosal tumor inva-
sion, but even high-frequency 20-MHz probes have not 
provided acceptable differentiation of these lesions (7). 
Currently the only method able to accurately determine 
the depth of invasion of a small visible lesion is endo-
scopic mucosal resection (EMR). This technique enables 
endoscopic excision of lesions up to 1.5 cm in size along 
with the adjacent mucosa and submucosa down to the 
muscularis propria and thereby allows the precise depth 
of invasion of the tumor to be pathologically deter-
mined. The accuracy of EMR as a staging procedure for 
early esophageal cancer has been established, and we use 
it routinely for patients with a visible lesion within the 
Barrett’s mucosa (8,9). 

 The critical importance of accurately determining 
the depth of invasion of a small esophageal adenocar-
cinoma is the direct link between depth of invasion and 
the likelihood of lymph node metastases. While intramu-
cosal tumors rarely metastasize to lymph nodes, submu-
cosal invasion is associated with lymph node metastases 
in 30% to 50% of patients (10,11).  Consequently, in 

 A



550 V • THERAPY

patients with submucosal invasion endoscopic or other 
therapies that do not address potential lymph node me-
tastases are not appropriate. In contrast, the likelihood 
of nodal metastases is low (< 5%) in patients with a 
tumor confi ned to the mucosa (2,10). Recently we as-
sessed the importance of a lymph node dissection in these 
patients. We reviewed the outcome of 85 patients with 
an intramucosal adenocarcinoma that we treated with 
a transthoracic en bloc, transhiatal, or vagal- sparing 
esophagectomy. The importance of this comparison is 
that while each operation removes the diseased esopha-
gus, there is a substantial difference in the lymphadenec-
tomy that accompanies each approach. In particular, 
no formal node dissection accompanies a vagal-sparing 
esophagectomy, and typically none or only a few nodes 
are removed. Our results confi rmed that cancer related 
survival is excellent in these patients (95% at 5 years) 
and was independent of the type of resection and extent 
of lymphadenectomy (12). Thus, a vagal-sparing esoph-
agectomy is an excellent option for patients with high-
grade dysplasia or intramucosal adenocarcinoma. 

 In an era of potential endoscopic therapy for early 
esophageal lesions, a critical issue frequently mentioned 
by both patients and physicians is the procedure- related 
morbidity and mortality for an esophagectomy. Tra-
ditional esophagectomy includes a vagotomy and py-
loroplasty and can be associated with troublesome 
postoperative dumping and diarrhea symptoms. Further, 
mortality for an esophagectomy is often quoted as nearly 
10%, based largely on old literature in malnourished 
patients with large tumors. Recent series of esophagec-
tomy in patients with high-grade dysplasia or early-stage 
esophageal adenocarcinoma present a completely differ-
ent picture, with mortality rates of 1% or less. Further, 
many centers now offer a minimally invasive procedure 
to further minimize the impact of the operation and re-
duce long-term morbidity (13–15). 

 In appropriate patients with high-grade dysplasia 
or intramucosal cancer, I favor a laparoscopic vagal-
sparing esophagectomy with gastric pull-up. The vagal-
sparing esophagectomy was fi rst described by Akiyama 
in Japan, and we subsequently adopted it as a means 
to remove the diseased esophagus in situations where 
a lymph node dissection was not necessary (16). This 
operation preserves the vagal innervation to the pylorus 
and the remaining gastrointestinal tract and is associated 
with reduced morbidity, including avoidance of postva-
gotomy dumping and diarrhea, while maintaining the 
advantages of complete removal of the diseased esopha-
gus. No lymph node dissection is possible without po-
tentially injuring the vagus nerves and branches along 
the lesser curve, and therefore the procedure is an option 
only for patients with benign conditions and for those 
with Barrett’s and high-grade dysplasia or intramucosal 
adenocarcinoma. 

 A vagal-sparing esophagectomy is performed by 
stripping the esophagus out of the mediastinum using a 
vein stripper. For potentially malignant lesions, the en-
tire esophagus is stripped out by inverting it on itself. 
In patients with achalasia, it is also possible to strip 
out only the mucosa and leave the muscular wall of the 
esophagus in place, but this would be inappropriate for 
Barrett’s or early adenocarcinoma. Reconstruction can 
be with either a gastric pull-up or a colon interposition. 
No pyloroplasty is performed since pyloric innervation is 
preserved. When using a gastric pull-up, the lesser curve 
is dissected immediately adjacent to the gastric wall, and 
the left gastric artery is not divided. This preserves the 
vagal branches as well as left gastric arterial branches to 
the antrum and contributes to the excellent blood sup-
ply of the gastric graft with this procedure. If a colon 
interposition is selected, it is done to the posterior wall 
of the intact stomach after dividing the cardia with a 
stapler; thus, the normal gastric reservoir is maintained. 
These patients eat exceptionally well, but with longer 
follow-up some patients develop troublesome regurgita-
tion symptoms, and we therefore favor the gastric pull-
up procedure in most circumstances. 

 Previously we verifi ed that vagal preservation is re-
alistic with an esophagectomy using the stripping tech-
nique and showed that the incidence of dumping and 
diarrhea as well as the extent of postoperative weight 
loss were all reduced with a vagal-sparing compared to 
a standard esophagectomy (17). In a recent update of 
our experience with vagal-sparing esophagectomy for 
Barrett’s and intramucosal adenocarcinoma, we again 
confi rmed that preservation of the vagal nerves is fea-
sible during esophagectomy and is associated with re-
duced morbidity. Specifi cally, we showed that infectious, 
respiratory, and anastomotic complications were all re-
duced in patients that had a vagal-sparing compared to 
a transhiatal esophagectomy (12). Given the equivalent 
oncologic result, the reduction in morbidity with the 
vagal-sparing technique should make this the esopha-
gectomy of choice for patients who do not require a 
lymphadenectomy. 

 The combination of endoscopic mucosal resec-
tion for a nodule or intramucosal cancer and ablation 
of any residual Barrett’s is being evaluated at a number 
of centers for the treatment of patients with high-grade 
dysplasia or intramucosal adenocarcinoma as an alter-
native to esophagectomy. The enthusiasm for this ap-
proach is fueled in part by the excellent 5-year survival 
reported by Ell and colleagues, who treated 100 patients 
with intramucosal adenocarcinoma by EMR alone (18). 
However, there are several important considerations 
that are worth reviewing before this approach is widely 
accepted as a therapeutic option for these patients, and 
these  issues are covered fully in the chapter on EMR as 
therapy for esophageal lesions. 
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 In light of the recent advances in endoscopic pro-
cedures that allow esophageal preservation and the new, 
less invasive and potentially less morbid surgical tech-
niques to remove the esophagus, I propose that it is time 
to alter our approach to the evaluation of patients with 
high-grade dysplasia and early esophageal adenocarci-
noma. In addition to determining the stage of the cancer 
and assessing the overall health of the patient, we should 
also evaluate the pathophysiologic abnormalities associ-
ated with the patient’s refl ux disease. In particular, an 
assessment should be made of the function of the stom-
ach, lower esophageal sphincter, and esophageal body as 
well as the size of the hiatal hernia, length of Barrett’s, 
and presence and severity of refl ux symptoms. Esopha-
geal preservation might be the preferred therapy in a pa-
tient with few symptoms, a small hiatal hernia, normal 
esophageal body function, and a short segment of Bar-
rett’s with a low-risk intramucosal carcinoma. In con-
trast, patients who are poor candidates for  esophageal 

preservation are those who present with high-grade 
dysplasia or an intramucosal adenocarcinoma and have 
severe refl ux symptoms or dysphagia; long-segment Bar-
rett’s with a large, fi xed hiatal hernia; and poor esopha-
geal body motility. These patients are best treated with 
a vagal-sparing esophagectomy since in my opinion 
esophageal preservation makes sense only if the esopha-
gus is worth preserving based on physiologic evaluation. 
Vagal-sparing esophagectomy is also indicated for pa-
tients with multiple lesions within long-segment Barrett’s 
or lesions with positive lateral margins after endoscopic 
mucosal resection. Thus, the decision to treat high-grade 
dysplasia or intramucosal cancer endoscopically or with 
an esophagectomy takes into consideration not just the 
stage of the lesion but also the pathophysiology of the 
esophagus and the severity of the underlying refl ux dis-
ease. In this way, outcomes can be optimized not only 
for the dysplasia or cancer but for the patient’s refl ux 
disease and long-term quality of life as well. 
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here continues to be a natural pro-
gression toward smaller incisions 
and minimally invasive approaches 
in all fi elds of surgery. Open cho-
lecystecomy has been replaced by 

laparoscopic cholecystectomy. Open gastric bypass has 
been replaced by laparoscopic Roux-en-Y gastric by-
pass. Open prostatectomy is being replaced with lapa-
roscopic, robotic-assisted prostatectomy, and open lung 
resections are trending toward minimally invasive video-
assisted thoracic surgery techniques. Similarly, open 
esophagectomy is seeing the early phases of minimally 
invasive approaches. 

 At the current time, minimally invasive esophagec-
tomy (MIE) is not performed in most medical centers, 
primarily because it is a complex and technically chal-
lenging procedure. However, open operations are as-
sociated with signifi cant morbidity and mortality rates 
(6%–7%), even in experienced centers (1,2). Continued 
improvement in instrumentation and optics and in-
creased surgeon familiarity with thoracoscopy and lapa-
roscopy have resulted in the development of advanced 
minimally invasive techniques for the treatment of com-
plex esophageal diseases, including thoracoscopic and 
laparoscopic staging of esophageal cancer and laparo-
scopic repair of paraesophageal hernia (3–7). This prior 
work has paved the way for the widespread introduction 
of the totally minimally invasive esophagectomy. 

 In 1998, one of us (JD Luketich) and his colleagues (8) 
reported a combined thoracoscopic and laparoscopic ap-
proach to esophagectomy. They combined thoracoscopic 
esophageal mobilization with laparoscopic construction 
of the gastric conduit via gastric pull-up with a cervical 
anastomosis. In 1999, Watson et al. reported a minimally 
invasive Ivor Lewis technique (9) in which a laparoscopic 
gastric mobilization and tubularization was followed by 
thoracoscopic esophagectomy with construction of a 
hand-sewn, intrathoracic esophagogastric anastomosis. 
Based on these early experiences, it was felt that com-
bined 2-cavity esophageal mobilization provided su-
perior safety, exposure, and lymphadenectomy when 
compared to an entirely transhiatal approach. 

 The fi rst large series of MIE was reported by Luke-
tich et al. and included thoracoscopic esophageal mobi-
lization, laparoscopic gastric tubularization, and cervical 
anastomosis (10). In this series of 222  patients, MIE was 
successfully performed in a completely minimally invasive 
manner in 206 (92.8%) patients. The median intensive 
care unit stay was 1 day, and hospital stay was 7 days. 
Operative mortality was 1.4%, and the anastomotic leak 
rate was 11.7%. At a mean follow-up of 19 months, 
quality of life scores were similar to preoperative values 
and population norms. Tumor stage-specifi c survival was 
similar to that published for open esophagectomy series. 
We have now performed MIE on more than 500 patients 
with high-grade dysplasia or cancer (8,10–16). 

 T
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 Our technique has evolved over time, and we now 
most frequently employ an Ivor Lewis esophagectomy, 
which incorporates a thoracoscopic, circular, stapled 
esophagogastrostomy immediately superior to the divided 
azygos arch. The proposed advantages of this approach 
over the McKeown MIE include a reduction in the inci-
dence of recurrent laryngeal nerve injury,  improved con-
duit perfusion with a subsequent decrease in dehiscence 
rate, and the absence of anastomotic  tension (17). 

 MIE is a technically demanding operation and 
should be performed by surgeons who have extensive 
experience in minimally invasive esophageal surgery. 
To help build experience in the safest manner, surgeons 
should perform cases in less challenging patients when 
starting out, including patients with high-grade dyspla-
sia or small tumors. The beginning surgeon should try to 
avoid attempting MIE in obese patients and those with 
previous upper abdominal and/or right thoracic opera-
tions. We believe that patients with previous neoadjuvant 
chemotherapy, radiation, or even previous operations, 
either thoracic or abdominal, are still candidates for 
both staging laparoscopy and MIE. 

 TECHNIQUE: MIE 

 There are 2 options available in performing MIE: tho-
racoscopic and laparoscopic esophagectomy with a cer-
vical anastomosis (McKeown MIE) and thoracoscopic 
and laparoscopic Ivor Lewis resection. The choice of 
surgical approach is based on surgeon preference and, in 
some cases, on the location of the tumor. At the current 
time, we prefer the Ivor Lewis resection technique in 
most cases; however, for historical reasons and because 
of considerable technical overlap in the procedures, MIE 
with cervical anastomosis is discussed fi rst. 

 Thoracoscopic and Laparoscopic 
Esophagectomy with a Cervical Anastomosis 

(McKeown MIE) 

 In general, the use of both laparoscopy and thoracos-
copy allows for better visualization of the esophagus 
and surrounding structures, such as the thoracic duct. 
We feel that this approach affords safe mobilization of 
the esophagus and allows a complete mediastinal lymph-
adenectomy to be performed as well. Thoracoscopic and 
laparoscopic esophagectomy is performed in 3 stages. 
In the fi rst stage, the patient is positioned in the left lat-
eral decubitus position for thoracoscopic mobilization 
of the intrathoracic esophagus. In the second stage, the 
patient is placed in a supine position for construction 
of the gastric conduit. In the third stage, the patient 
remains in the supine position for mobilization of the 

cervical  esophagus via the left neck, removal of the sur-
gical specimen, gastric pull-up, and construction of an 
esophagogastric anastomosis. 

 Before the procedure is started, an esophagogastro-
duodenoscopy (EGD) is performed in order to assess the 
tumor size and location prior to gastric tubularization. 
If the EGD, endoscopic ultrasound, or computed tomog-
raphy scan fi ndings suggest gastric extension, T4 local 
invasion, or possible metastases, we perform a staging 
laparoscopy, thoracoscopy, or both in order to deter-
mine resectability and to rule out distant disease. 

   Chest.   The patient is positioned in the left lateral 
decubitus position. The surgeon stands posterior to the 
patient. With the right lung collapsed, 4 ports are placed 
for thoracoscopy (Figure 67.1). The camera port (30º, 
5 or 10 mm) is placed in the seventh or eighth intercos-
tal space just anterior to the midaxillary line. Next, a 
10-mm port is placed in the eighth or ninth intercostal 
space 1 to 2 cm behind the posterior axillary line and is 
used mainly for the Autosonic coagulating shears (United 
States Surgical Corp., Norwalk, CT). A 10-mm port is 
then placed in the anterior axillary line at the level of the 
fourth intercostal space and is used for placement of a 
retractor to assist with exposure of the esophageal bed, 
usually with anterior and medial refl ection of the lung. 
A 5-mm port is placed posterior to the tip of the scapula. 
A heavy traction suture, usually 1–0 (0-Surgidac; United 
States Surgical Corp.), is placed in the central tendon 
of the diaphragm exiting close to the costophrenic 
 refl ection through a stab incision in the inferior anterior 
chest wall using the Endo Close device (United States 
Surgical Corp.). When placed at the proper angle, this 
traction suture will apply constant downward retrac-
tion on the diaphragm aiding with exposure of the distal 
esophagus. 

 FIGURE 67.1 

 Thoracoscopic ports for minimally invasive esophagectomy. 
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 The thoracic cavity is inspected for metastatic dis-
ease. The lung is retracted anteromedially to expose the 
esophagus. The inferior pulmonary ligament is divided 
using Autosonic coagulating shears (United States Sur-
gical Corp.). The pleura overlying the esophagus is di-
vided, and the entire thoracic esophagus is exposed. It is 
best to start in a plane distant to the tumor while dissect-
ing around the esophagus circumferentially. A Penrose 
drain can be placed around the esophagus to facilitate 
traction and exposure (Figure 67.2). When possible, we 
begin anteriorly by lifting the mediastinal pleura directly 
off of the pericardium overlying the left atrium. This 
plane is carried superiorly to the level VII lymph node 
packet, which is maintained with the specimen. Great 
care is taken to avoid injury to the right and left bron-
chi and membranous trachea. We then move superiorly 
and the azygos vein is isolated and divided using the 
Endo GIA cutting stapler loaded with a vascular car-
tridge (United States Surgical Corp.). Preservation of the 
pleural layer superior to the azygos may seal the plane 

around the gastric tube near the thoracic inlet, thereby 
minimizing the extension of a cervical leak downward 
into the chest.   

 The mediastinal pleura is opened anterior to the 
azygos vein, and all periesophageal fat and lymphatics 
overlying the aorta and contralateral pleura are main-
tained en bloc with the esophagus as the dissection is 
carried inferiorly. Aortoesophageal blood vessels are di-
vided under direct vision after dissection. Care is taken 
to avoid injury to the thoracic duct, which remains in 
situ. The vagus nerve is transected immediately superior 
to the azygos vein. We do not routinely dissect the recur-
rent laryngeal or cervical lymph nodes. Above the level 
of the azygos vein, the dissection is continued directly on 
the esophagus to avoid potential injury to the airway or 
the recurrent nerves. At the completion of the mobiliza-
tion, the Penrose drain is left in the thoracic inlet around 
the cervical esophagus and will be retrieved during the 
cervical dissection of the esophagus.   Care is taken to 
identify and clip any lymphatic branches coming off the 
thoracic duct. The intercostal nerves are then blocked 
with 1 to 2 cc of bupivicaine (0.5%) in dilute epineph-
rine for control of immediate postoperative pain. A sin-
gle 28-F chest tube is inserted in the camera port, the 
right lung is reinfl ated, and the port sites are closed. 

   Abdomen.   After completing the thoracic esopha-
geal mobilization, the patient is turned to the supine 
position. A standard 5-port approach is used to access 
to the abdomen. The placement of these ports is simi-
lar to the port placement used for laparoscopic Nissen 
fundoplication (Figure 67.3). A liver retractor is used 
to anteriorly refl ect the left lateral segment of the liver 
providing exposure to the esophageal hiatus (Diamond-
Flex, Snowden-Pencer, Tucker, GA). The retractor is 
then secured into position with a Medifl ex self-retaining 
system (Velmed, Wexford, PA). First, the gastrohepatic 
ligament is divided, allowing exposure of the right crus 
of the diaphragm (Figure 67.4). The phrenoesophageal 
membrane is not divided at this time, as early entry into 
the mediastinum may lead to loss of pneumoperitoneum 
into the chest cavity and diffi culty with exposure. The 
dissection is continued over the anterior surface of the 
esophagus. Next, the diaphragmatic attachments of 
the spleen are removed at the level of the left crus, allow-
ing the spleen to fall away, which facilitates the dissec-
tion of the retroesophageal space and the left crus. Next, 
the short gastric vessels are divided with the Autosonic 
coagulating shears (United States Surgical Corp.). The 
dissection is carried along the greater curvature of the 
stomach, being careful to identify and preserve the right 
gastroepiploic vessels (Figure 67.5). A communication 
between the right and left gastroepiploic arcades should 
be preserved. The retrogastric area is then dissected by 
folding the stomach over and refl ecting it superiorly. This 
allows dissection of the undersurface of the  stomach 

 FIGURE 67.2 

 Thoracoscopic esophageal mobilization with en bloc 
lymphadenectomy. 
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 FIGURE 67.3 

Laparoscopic ports for minimally invasive esophagectomy.

 FIGURE 67.4 

Abdominal dissection of the gastrohepatic ligament,  allowing 
exposure of the right crus of the diaphragm.

 FIGURE 67.5 

Laparoscopic gastric mobilization with division of short 
 gastric vessels.

and en bloc mobilization of the celiac and gastric vessel 
lymph nodes. The left gastric artery and vein are then 
exposed and divided at their base using the Endo GIA 
cutting vascular stapler.     

 Once gastric mobilization is completed, a pylo-
roplasty is performed using the Autosonic coagulat-
ing shears (United States Surgical Corp.) and closed 
transversely with interrupted 2–0 sutures using the 
Endo Stitch device (United States Surgical Corp.) 
(Figure 67.6). The fat and lymph nodes on the lesser 
curve are dissected en bloc with the stomach, taking care 
to preserve the right gastric vessels. 

 The gastric tube is then fashioned using the Endo 
GIA 3.5- or 4.8-mm stapler (United States Surgical Corp.) 
(Figures 67.7 and 67.8). There may be some variability 
in the length of the gastric tube based on intraoperative 
and EGD fi ndings. In cases where the tumor has signifi -
cant gastric extension, the surgeon must be prepared to 
resect a signifi cant portion of the proximal stomach. In 
these cases, an intrathoracic anastomosis may need to 
be performed. We prefer to fashion a tube measuring 
5 to 6 cm in diameter. Extreme care must be taken to 

ensure that the conduit is not traumatized and to avoid 
spiraling during stapling. Once the tube is fashioned, it 
is attached to the esophagogastric specimen using two 
2–0 sutures (Figure 67.9).     

 We recommend placement of a laparoscopic feed-
ing jejunostomy tube during MIE. Usually, an additional 
10-mm port is inserted in the right lower quadrant to 
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facilitate suturing of the jejunum to the anterior abdomi-
nal wall. The colon is retracted superiorly, the ligament 
of Treitz is identifi ed, and the jejunum is traced distally 
for a distance of 50 cm. The jejunum is fi xed to the left 
anterior abdominal wall with 2–0 suture. We prefer to 
use a needle jejunostomy feeding catheter kit (Compat 
Biosystems, Minneapolis, MN) that is placed percutane-
ously into the peritoneal cavity under direct laparoscopic 
visualization and is directed into the selected portion of 
jejunum. Using the Seldinger technique, a guide wire is 
advanced through the introducer needle and into the 
lumen of the jejunum, and the catheter is then threaded 

over the guide wire. To ensure intralumenal placement 
of the catheter, a small amount of air is injected into the 
lumen to confi rm positioning. The puncture site is then 
sealed either with a purse-string suture or with 3 tacking 
sutures positioned circumferentially between the jejunal 
entry site and anterior abdominal wall. Another suture 
is placed 3 to 4 cm distally to prevent torsion.

After the feeding jejunostomy tube is placed, the 
phrenoesophageal membrane is divided to complete 
the esophageal mobilization. If necessary, the right and 
left crura can be divided with the coagulating shears to 
widen the hiatus and allow passage of the gastric tube 
into the chest. This maneuver helps minimize diaphrag-
matic compression of the gastric conduit, a potential 
cause of delayed gastric emptying postoperatively. 

 FIGURE 67.6 

 Laparoscopic pyloroplasty. 

 FIGURE 67.7 

Laparoscopic construction of gastric conduit.

 FIGURE 67.8 

 Laparoscopic construction of gastric conduit. 

 FIGURE 67.9 

Attachment of the gastric tube to the esophagogastric 
speci  men.
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   Neck.   We then turn our attention to the neck. 
A 4- to 6-cm horizontal left neck incision is made 2 cm 
above the sternal notch. After dividing the subcutaneous 
tissue and platysma muscle, the plane between the ca-
rotid sheath and trachea is opened sharply. The omohy-
oid muscle is divided. The strap muscles are most often 
retracted medially but also can be partially divided. 
A fi nger or sponge stick is used to retract the thyroid, 
avoiding retraction of the recurrent laryngeal nerve. The 
deep cervical fascia is opened, and the posterior medias-
tinal space is entered bluntly directly over the anterior 
aspect of the spine. This maneuver places the surgeon 
in direct continuity with the mobilized thoracic portion 
of the esophagus. The Penrose drain, which was placed 
thoracoscopically, is then retrieved through the neck 
incision (Figure 67.10). The esophagus is divided 3 cm 
distal to the cricopharyngeus, and the esophagogastric 
specimen is carefully pulled out of the wound while the 

laparoscopic assistant carefully delivers the conduit into 
proper alignment in the mediastinum. Care is taken to 
prevent trauma to the ascending gastroepiploic arcade 
and avoid spiraling of the stomach (Figure 67.10). Tis-
sue is sent for frozen section analysis of the surgical 
margins. An anastomosis is then performed between the 
esophagus and gastric tube using a hand-sewn technique 
 (Figure 67.11). A nasogastric tube is passed distally 
through the anastomosis into the gastric tube for post-
operative decompression.   

 The gastric antrum is grasped carefully, and gentle 
caudal retraction is applied to remove any redundant 
gastric tube that may have been pulled above the dia-
phragm during pull-up. The gastric tube is sutured in 
proper orientation to the right and left crura and an-
teriorly to the diaphragmatic hiatus to prevent hiatal 
herniation. The neck is irrigated with antibiotic solution 
and the skin of the neck closed, loosely approximated, 

 FIGURE 67.10 

Retrieval of surgical specimen through a neck incision and 
gastric pull-up.

 FIGURE 67.11 

Completed schematic view of thoracoscopic and laparo-
scopic esophagectomy with cervical anastomosis.
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with staples or sutures. The completed reconstruction is 
shown in Figure 67.11. 

 Laparoscopic and Thoracoscopic 
Ivor Lewis Resection 

 The Ivor Lewis MIE is performed in 2 stages. In the fi rst 
stage, the patient is supine for laparoscopic construction 
of the gastric conduit, pyloroplasty, and feeding jejunos-
tomy tube placement. In the second stage, the patient 
is repositioned to a left lateral decubitus position for 
mobilization of the thoracic esophagus, removal of the 
esophageal specimen, gastric pull-up, and construction 
of an intrathoracic esophagogastric anastomosis. All 
technical aspects of this procedure prior to construction 
of the intrathoracic anastomosis are as described in the 
previous procedure. 

   Intrathoracic anastomosis.   We use the port sites 
for thoracoscopy that were described earlier. The only 
modifi cation is to enlarge the posterior eighth intercostal 
port site to 4 cm to allow the introduction of the end-
to-end anastomosis (EEA) stapler (United States Surgi-
cal Corp.) and removal of the specimen. A laparoscopic 
wound protector is used at this site to minimize the risk 
of port site contamination. Once the esophagus has been 
mobilized to a level 4 to 5 cm above the azygos vein, the 
distal esophagus and stomach are brought through the 
hiatus into the chest, along with the gastric tube that has 
been sutured to the specimen. The esophagus is elevated 
and transected 2 to 3 cm above the level of the azygos 
vein. The tumor specimen is removed using an Endo 
Catch bag (United States Surgical Corp.). The anvil of 
a 25 mm EEA stapler is then placed into the proximal 
esophagus and secured using a purse string. The stapler 
is then placed through the enlarged port, introduced 
into the tip of the newly created gastric conduit, and 
a circular anastomosis (side of gastric conduit to end 
of esophagus) is created at the level of the azygos vein 
(Figure 67.12). The redundant portion of the gastric 
conduit is trimmed using an articulating, linear stapler 
(Endo GIA II, U.S. Surgical), and a 28-F chest tube and 
10-mm closed-suction drain are placed near the anasto-
mosis. The potential space between the conduit and the 
right crus of the diaphragm is then closed with inter-
rupted stitches to prevent delayed herniation.   

 CONCLUSION 

 MIE is technically demanding with a long learning curve. 
The outcomes from MIE match and, in many instances, 
surpass those of most open esophagectomy series. The 
successful outcomes encountered with the use of MIE 
will help broaden the applicability of this technique 

to higher-risk patient groups, such as the elderly (18). 
Currently, a Phase II Eastern Cooperative  Oncology 
Group Intergroup Study (E2202) is underway to evaluate 
the clinical outcomes of MIE in patients with high-grade 
dysplasia of the esophagus or stages I to III esophageal 
cancer as compared with traditional, open surgery. The 
objectives of the study are to determine the feasibility of 
performing MIE in patients with high-grade dysplasia 
or stages I to III esophageal cancer using 30-day mortal-
ity as the primary end point, determine the complica-
tions associated with this procedure, determine the rate 
at which conversion to open operation is required, and 
determine the length of the operation, duration of in-
tensive care unit stay, and length of hospital stay. This 
large study should help defi ne optimal MIE surgical 
protocols based on patient criteria. Until a consensus is 
reached, however, the surgeon must tailor the surgical 
approach for each  patient, taking into account tumor 
size, location, and patient characteristics, as well as the 
surgeon’s own comfort and level of expertise with the 
chosen approach. 

 FIGURE 67.12 

The handle of the EEA stapler is brought out along the greater 
curve and joined with the anvil in the proximal esophagus. 
Prior to bringing the stapler out along the greater curve, 
the amount of conduit in the chest is assessed to prevent 
 redundancy of the stomach above the diaphragm. © Heart, 
Lung and Esophageal Surgery Institute; University of Pitts-
burgh Medical Center.
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he Ivor-Lewis esophagectomy is 
used for patients with tumors of 
the middle or lower third of the 
esophagus. Originally described 
in 1946, the operation then in-

volved a 2-stage approach in 2 separate settings (1). 
A laparotomy with gastric mobilization was com-
pleted initially, and 2 weeks later, a right thoracotomy 
allowed the completion of the operation. The current 
technique has evolved into a single-stage operation 
with its abdominal component, followed by a right 
chest approach for removal of the diseased esophagus 
and reconstruction using the mobilized stomach. A 
number of reports have now documented consecutive 
series of more than 100 patients without mortality and 
with minimum morbidity (2–4). 

 When treating cancer, the Ivor-Lewis esophagec-
tomy must respect 3 main objectives: 

 1.  Offer a complete resection of the tumor with an ex-
tended lymphadenectomy. 

2.   Prevent complications with a safe and simple tech-
nique of dissection and reconstruction. 

 3.  Provide excellent and satisfactory digestive comfort 
with a high intrathoracic anastomosis. 

 THE PROCEDURE 

 Anesthesia 

 The use of a double-lumen endotracheal tube allows the 
lung to be collapsed and affords excellent exposure for 
the esophageal dissection and subsequent anastomosis. 
Epidural analgesia is essential to obtain satisfactory levels 
of analgesia postoperatively, thereby facilitating physio-
therapy and enhancing respiratory function. Moreover, 
epidural analgesia has been shown to improve the micro-
circulation in the gastric tube in the early postesopha-
gectomy period (5,6). The level of epidural anesthesia 
should be to T5–6. Arterial and central venous pressure 
lines are inserted, and the patient is installed with blad-
der drainage. 

 During the thoracic approach, a single lung ventila-
tion is useful to obtain proper exposure for a systematic 
dissection of the esophagus and adjacent structures (7). 
Warming of the patient during the operation should 
allow early extubation (8). 

 Surgical Approach 

 The Ivor-Lewis esophagectomy is a 2-stage operation 
where the abdominal approach gives the advantage of 

 T
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a meticulous abdominal exploration and dissection to 
exclude any subdiaphragmatic spread undiagnosed by 
the preoperative clinical staging, to mobilize the stom-
ach on its vascular pedicles so that it can be transposed 
as an esophageal replacement into the chest, and to 

FIGURE 68.1

The operation is started with a midline epigastric incision 
extending to the right paraombilical region. From Chapman 
F. Surgery of the upper digestive tract. In: Rob & Smith, eds. 
Operative Surgery. Launois B. London: Chapman & Hall 
Medical; 1994:179.

FIGURE 68.2

Assessment of the supramesocolic area as well as of the re-
maining abdominal cavity is completed to rule out liver metas-
tases, extensive lymph node disease, or peritoneal seedings. 
An upper hand retractor is installed after resection of the xy-
phoid process, and a Balfour self-retractable system provides 
ample access to the stomach, transverse colon, and the hiatus 
and intra-abdominal esophagus. From Chapman F. Surgery 
of the upper digestive tract. In: Rob & Smith, eds. Opera-
tive Surgery. Launois B. London: Chapman & Hall Medical; 
1994:179.

resect all lymphatic drainage from the paraesophageal 
and cardiac nodes, as well as those of the lesser cur-
vature and left gastric nodes (9,10). This is followed 
by a right thoracotomy with esophageal resection and 
reconstruction. 

 Abdominal Operation 
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FIGURE 68.3

The triangular ligament of the left lobe of the liver is divided and the lobe retracted to the right, exposing the left lobe vein and 
the connecting infradiaphragmatic vein. The gastrohepatic ligament is sectioned with ligation of an occasional arterial branch 
from the left gastric artery to the left lobe of the liver. The right crus of the diaphragmatic hiatus is thus exposed. The right gas-
tric artery is protected to the level of the second branch above the incisura. The hiatus is exposed without trying to dissect the 
esophagus, and resection of the hiatus will be left in continuity with the esophagogastric junction. From Skinner DB. Esopha-
gectomy without thoracotomy. In: Skinner DB, ed. Atlas of Esophageal Surgery. New York: Churchill Livingstone; 1991:43.

FIGURE 68.4

Mobilization of the greater curve of the stomach is made with careful protection of the right gastroepiploic vessel. This is done 
by opening the lesser sac: the retrogastric space is accessed directly or by freeing the greater omentum from the transverse colon. 
The gastroepiploic artery is identified on its entire bourse, until its last branch enters the greater curvature of the stomach. The 
right gastroepiploic arcade is interrupted where it meets the left gastroepiploic artery, usually at the level of the spleen- inferior 
pole. The short gastrosplenic vessels are clipped and divided as far laterally as possible. Once freed from the spleen, the 
retracted fundus exposes the left crus of the diaphragmatic hiatus. From Akiyama H. Surgery for Cancer of the Esophagus. In: 
Akiyama H, eds. Philadelphia: Williams and Wilkins; 1990:56.
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FIGURE 68.5

Once the hiatus is completely exposed, a cuff of diaphragm including part of the right and left crura is divided and left in con-
tinuity with the esophagus, providing a healthy tissue margin around the tumor. The mediastinum becomes widely accessible, 
and the distal esophagus is dissected above the diaphragm. A tape is passed around it. From Skinner DB. Esophagectomy 
without thoracotomy. In: Skinner DB, ed. Atlas of Esophageal Surgery. New York: Churchill Livingstone; 1991:45.

FIGURE 68.6

With the mobilized greater curve and fundus, the stomach is 
held upward, and the left gastric vessels are exposed. The left 
gastric vein and artery are individually ligated and divided. 
Posterior mobilization of the hiatus is completed. The distal 
esophagus and stomach are completely free. From Chap-
man F. Surgery of the upper digestive tract. In: Rob & Smith, 
eds. Operative Surgery. Launois B. London: Chapman & Hall 
Medical; 1994:179.

FIGURE 68.7

The smaller curvature transection line on the stomach is pre-
pared during the abdominal part of the operation. Anterior 
and posterior right gastric vessels to the smaller curvature 
are ligated above the second branches proximal to incisura, 
over a distance of 4 cm. The denuded smaller curvature al-
lows for an easier stapler application when the resection 
is completed in the right chest. From Holsher AF. Use the 
stomach as an esophageal substitute. In: Jamieson G, Kaiser 
LR, eds. Operative Thoracic Surgery. London: HodderArnold; 
2006:357.
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FIGURE 68.9

A pyloromyotomy is added to allow easier gastric emptying. A 3-cm horizontal incision is completed, 1 cm on the duodenum 
and 2 cm on the anterior antrum (A). The pyloric muscle is divided as for the Fredet-Ramstedt operation, and the muscle is 
closed vertically as for a Heineke-Mikulicz pyloroplasty. If entry into the duodenal mucosa occurs, a standard pyloroplasty 
closure is completed with an added omentum coverage for safety (B). From Skinner DB. Esophagectomy without thoracotomy. In: 
Skinner DB, ed. Atlas of Esophageal Surgery. New York: Churchill Livingstone; 1991:57.

FIGURE 68.8

Mobilization of the duodenum to the margin of the third portion (Kocher maneuver) is then performed to provide increased 
gastric mobility (A). (From Chapman F. Surgery of the upper digestive tract. In: Rob & Smith, eds. Operative Surgery. Kluwer; 
1994:539 with permission) The head of the pancreas is freed from the interior vena cava, and the left renal vein is visualized 
where it enters the vena cava. With this mobilization, the pylorus should reach the midline, in proximity to the hiatus (B). (From 
Madden’s J. Esophagectomy. In: Madden’s J, ed. Atlas of Technics in Surgery. Bloomington: Appleton Country Crofts; 1958:325).
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FIGURE 68.10

A feeding jejunostomy is installed routinely to provide proper 
caloric intake early in the postoperative period. It also pro-
vides a enteral approach in the event of unexpected major 
morbidity. A double purse-string suture is positioned on the 
antimesenteric wall of the first jejunal loop. A no. 18 T tube 
is installed and exteriorized in a left paraombilical position. 
Several interrupted sutures then anchor the perijejunostomy 
serosa to the peritoneum, and the tube is fixed at skin level.
From Skinner DB. Esophagectomy without thoracotomy. 
In: Skinner DB, ed. Atlas of Esophageal Surgery. New York: 
Churchill Livingstone; 1991:181.

FIGURE 68.11

The right thoracotomy is completed above the sixth rib with 
division of the rib posteriorly. This allows exposure of the 
esophagus without interference of the aortic arch. If needed, 
a second distal thoracotomy may be carried out over the 
eighth or ninth rib by the same incision. This permits expo-
sure and dissection of the distal esophagus with the azygos 
and the thoracic duct under direct vision. From Belsey RH, 
Stipa G, eds. La chirurgia dell’esophago. Padova: Piccin Edi-
tore; 1980:444.

 Thoracic Operation 

FIGURE 68.12

Once the chest opened, the lung is collapsed and retracted 
anteriorly. The esophagus, with the resected hiatus, is sur-
rounded with a penrose drain. The inferior pulmonary 
ligament is divided to the inferior pulmonary vein and the 
mediastinal pleura divided along the posterior limits of the 
pericardium (A). The dissection follows the vascular plane 
behind the posterior pericardium toward the tracheal bi-
furcation. The subcarinal nodes are dissected free and 
left in continuity with the esophagus. The pleura is left in 
continuity with the esophagus. The azygos vein is ligated 
and divided near its insertion in the vena cava (B). From 
Skinner DB. Esophagectomy without thoracotomy. In: 
Skinner DB, ed. Atlas of Esophageal Surgery. New York: 
Churchill Livingstone; 1991:37.
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FIGURE 68.15

Once the stomach is properly positioned, the resection line 
is planned on the stomach: a distance of 5 cm should be 
kept from the macroscopic margin of the tumor when it is 
a cardia lesion. The stapling instrument is initially applied 
on the proximal greater curvature. The resection line is then 
oriented toward the previously prepared smaller curvature. 
The gastric tube is completed. (A) Transection of the esopha-
gus is preferably made 10 cm above the proximal margin of 
the tumor. (B) When the tumor is located in the middle or 
distal esophagus, only the cardia is resected with the lym-
phatic drainage of the smaller curvature. From Hood RM, 
ed. Techniques in General Thoracic Surgery.  Philadelphia: W. 
B. Saunders; 1985:202.

FIGURE 68.13

Posteriorly, the third and fourth intercostal veins are also 
tied and divided to free the upper part of the azygos arch. 
For an en bloc resection of the esophagus, all the intercostal 
veins are ligated and divided, and the aortic adventitia is 
opened and dissected to expose and ligate all the esopha-
geal arteries penetrating the posterior mesoesophagus. At the 
level of the right crus of the diaphragm, a mass ligation of the 
azygos and thoracic duct allows the esophagus to be com-
pletely free from its mediastinal attachments between the 
diaphragm to the level immediately above the azygos arch.
From Skinner DB. Esophagectomy without thoracotomy. 
In: Skinner DB, ed. Atlas of Esophageal Surgery. New York: 
Churchill Livingstone; 1991:33.

FIGURE 68.14

The stomach and gastroesophageal junction are freed after 
the abdominal dissection. Through the open hiatus, the entire 
stomach can be brought carefully in the chest cavity, taking 
care of keeping the smaller curvature toward the right side of 
the vertebral bodies, leaving the fundus and greater curvature 
toward the mediastinum. From Skinner DB. Esophagectomy 
without thoracotomy. In: Skinner DB, ed. Atlas of Esophageal 
Surgery. New York: Churchill Livingstone; 1991:41.
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FIGURE 68.17

The position of the anastomosis is selected on the anterior wall of the gastric tube near the greater curvature. The proximal tip 
of the stomach tube is fixed by 4 silk sutures to the posterior wall of the esophagus, 4 to 5 cm above the transection line.

FIGURE 68.16

The esophageal remnant is prepared for the anastomosis once the pathologist has excluded residual disease on the transection 
line. Using small resorbable sutures (4–0), the esophageal wall layers are assembled together to create a single layer, prevent-
ing retraction of the mucosal and muscular planes. The position of the anastomosis is then selected on the anterior wall of the 
gastric tube, near the greater curvature.
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FIGURE 68.18

The stomach cavity is opened and a single layer anastomosis is created with separate 3–0 polyglycolic acid sutures on the 
posterior wall. (A) Inverting sutures are continued on the lateral limits of the anastomosis (B), and the anterior wall is closed 
with 5 to 6 separate stitches tied on the outside (C). A double-lumen (sump-type) nasogastric tube is positioned in the stomach 
cavity under direct vision before closing the anterior anastomosis. Gastrocolic omentum is brought to cover the completed 
reconstruction.
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FIGURE 68.20

The 25- or 28-mm anvil head is detached from the stapling 
gun and positioned into the esophageal remnant. The purse-
string suture is tied snugly around the shaft of the anvil head. 
From Kelly J. Sutured anastomoses. In: Jamieson G, Kaiser 
LR, eds. Operative Thoracic Surgery. London: Hodder Arnold; 
2006:352.

FIGURE 68.19

When a stapled anastomosis is planned, the transection 
line of the esophageal remnant is prepared in the same 
way to assemble all esophageal layers together. A 2–0 
prolene purse-string suture is then inserted loosely around 
the cut end of the esophagus (A and B). From Jamieson 
G. Stapling techniques for anastomosis of the esopha-
gus. In: Jamieson G, Kaiser LR, eds. Operative Thoracic 
Surgery. London: Hodder Arnold; 2006:350.
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FIGURE 68.22

A linear stapler (TA 60) completes the reclosure of the gastric 
tube on the smaller curvature. The tip of the anterior gas-
tric tube is fixed to the esophagus, covering the anastomosis 
area. From Launois B. Abdominal and right thoracic subtotal 
esophagectomy. In: Jamieson G, Kaiser LR, eds. Operative 
Thoracic Surgery. London: Hodder Arnold; 2006:377).

FIGURE 68.21

Two to 3 cm of the stapled line of the gastric tube are removed, and the stapling gun is inserted into the cavity of the stomach 
tube. Its pointed shaft is fully retracted until the exact position of the gun for the anastomosis has been identified. This is usu-
ally on the posterior wall of the gastric tube near the greater curvature but with protection of its blood supply (A). The gun shaft 
is exteriorized to penetrate the gastric wall. It is then connected with the protruding shaft of the anvil head, which has been 
inserted into the remaining esophagus. The gun is fired and removed, and the esophageal and gastric doughnuts are inspected 
to ensure their circumferential integrity (B). From Hood M, ed. Techniques in General Thoracic Surgery. Philadelphia: W. B. 
Saunders; 1985:206.
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 POSTOPERATIVE MANAGEMENT 

 After extubation, the patient is usually transferred to 
the step-down unit of the Thoracic Surgery Division, 
where optimal monitoring is maintained for the initial 
postoperative 72 hours. A chest radiograph confi rms 
normal lung reexpansion, and intravenous fl uids are 
administrated to maintain appropriate hematocrit and 
intravascular volume. Prophylactic antibiotics covering 
aerobes and anaerobes are used before the operation, 
and an additional 2 doses are administered after comple-
tion of the surgery. Epidural analgesia usually enables 
good pain control and early ambulation with the help 
of the physiotherapist. Thromboembolic prophylaxis is 
provided with elastic stockings and subcutaneous hepa-
rin injections. 

 Nasogastric tube suction is maintained until appro-
priate gastric emptying is documented. With return of 
normal peristalsis, jejunostomy feeding is started, usu-
ally on the third or fourth postoperative day. Enteral 
feeding is maintained until appropriate caloric intake is 
quantifi ed. 

 The chest tube is removed when no air leak has 
been observed and drainage is less than 200 mL in a 
24-hour period. The integrity of the anastomosis is con-
trolled radiologically 7 or 8 days after the operation. 

 COMPLICATIONS 

 Specifi c major complications in patients undergoing 
esophagectomy and reconstruction with the stomach 
include respiratory failure, anastomotic leakage, and 
delayed gastric emptying. Gastroesophageal refl ux dam-
age is frequent and does not correlate with the usual refl ux 
symptom. 

 Atelectasis and Respiratory Failure 

 Their prevalence is high after transthoracic esophagec-
tomy (11–13). Good analgesia, physiotherapy, appro-
priate hydration, nasogastric drainage (14), and early 
mobilization are all essential to minimize respiratory 
complications. 

 Anastomotic Leakage 

 This may occur in the early postoperative period (2–3 
days). It then should be attributed to a technical failure. 
A later leak (6–8 days) is thought more likely to be due 
to ischemic changes in the stomach. The most common 
area for gastric tube ischemia is between the anastomo-
sis and the resection line on the smaller curvature. If the 

leak is small and contained or if it is well drained by the 
chest tube, a conservative management is in order. Gas-
tric ischemia may be associated with profound acidosis, 
pulmonary patchy infi ltrates, and respiratory distress. 
Such signs should alert the team to the possibilities of 
gastric necrosis. Endoscopy may help in this setting, but 
early reexploration and appropriate resection is manda-
tory. If necrosis of the stomach is documented, resection 
to viable tissue with a cervical esophagostome and gas-
trostomy on the remaining stomach repositioned in the 
abdomen should be done. If local repair or reanastomo-
sis is attempted, devitalized tissue should be debrided, 
and the repair should be buttressed with healthy tissue, 
such as omentum, pericardial fl ap, or pedicled muscle. 
A cervical esophagostome is preferred with gastric de-
compression if any concern exists about the repair. 

 Delayed Gastric Emptying 

 There are a number of reasons for delayed gastric emp-
tying: the stomach is denervated, the pylorus may cause 
functional obstruction, angulation may occur at the 
level of the hiatus, or the intrathoracic stomach may be 
redun dant, especially if a total gastric replacement has 
been used. A pyloromyotomy or pyloroplasty may help 
prevent gastric retention but allows for mixed refl ux to 
occur. Delayed gastric emptying may be helped by meto-
clopramide domperidone or by erythromycin. Failure of 
conservative management requires reoperation and an 
appropriate drainage procedure. 

 Gastroesophageal Refl ux 

 Intrathoracic esophagogastric reconstruction induces 
gastroesophageal refl ux. The severity of mucosal dam-
age in the esophageal remnant is infl uenced by the level 
of reconstruction by the duration of evolution after the 
operation and by the gastric emptying capacity. Symp-
toms are not reliable, and endoscopic follow-up is the 
most reliable method for an objective diagnosis and appro-
priate management. 

 CONCLUSION 

 The Ivor-Lewis esophagectomy is an excellent operation 
for lesions of the middle and lower third of the esopha-
gus (15). The long-term functional results are good. It 
provides, when curative, excellent staging information 
while usually insuring a safe reconstruction without 
tension and with the use of a well vascularized gastric 
transplant. 
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n 1913, Denk (1) performed the 
fi rst extrathoracic esophagectomy. 
With a vein stripper (metal ring), 
he avulsed the esophagus blindly 
from cadavers and experimental 

animals. Nevertheless, the fi rst successful transhiatal 
esophagectomy (THE) was performed only in 1933. The 
patient had esophageal cancer and the procedure was 
carried out through combined abdominal and cervical 
incisions in 2 different stages; fi rst for the resection and 
second to reestablish the alimentary tract (2). 

 Subsequently, the transthoracic technique with in-
trathoracic anastomosis achieved widespread use and 
acclaim (3). The blind mediastinal dissection and the 
fear that the stomach as a conduit would not reach the 
neck justifi ed the abortion of the transhiatal technique. 
However, frequent postoperative complications asso-
ciated with the necessary thoracotomy were high (4). 
As a result, in 1978 in the work of Orringer (5), THE 
emerged as an alternative operative approach that could 
be associated with less risk and morbidity (6). 

In 1948, Sweet (10) and Garlock (1 1) both demon-
strated that the stomach can be mobilized through the chest 
to allow a tension-less cervicogastric anastomosis.  In the 
1970s  several case reports were published advocating 
THE for benign and malignant esophageal diseases (7–9). 
Orringer and Sloan (12) described the use of subster-
nal gastric bypass in patients with surgically incurable 

esophageal cancer. Although this did not result in an 
 effective palliative procedure due to major surgical com-
plications (13), the rational for this surgery was to relieve 
dysphagia with a straightforward bypass (12). Orringer 
(14) showed that with proper mobilization, the stomach 
can easily reach the neck for the cervical anastomosis. In 
1978, the fi rst series of THE was published and the tech-
nique was popularized as an alternative approach for 
 benign and malignant esophageal disease (5). Regardless 
of the level of esophageal pathology, the entire esopha-
gus was removed and a high cervical gastroesophageal 
anastomosis was performed (5). 

 Orringer and colleagues have been instrumental in 
establishing the safety of THE and the techniques in this 
chapter are primarily derived from their work. 

 Esophageal reconstruction involves 3 important 
decisions: the necessity of removing the patient’s esoph-
agus, the route to re-establish the alimentary tract, and 
the organ to be used as conduit. The development of 
new modern anesthetic techniques, refi nement of the 
operative techniques, and advances in critical care man-
agement have all allowed a signifi cant decrease in the 
surgical morbidity and mortality rates of these patients 
(3). Nevertheless, the stage and biologic behavior of the 
tumor are important factors that will determine survival 
in patients with esophageal cancer (14). 

 At present, the 2 main approaches for an esophagec-
tomy are transhiatal (THE) and transthoracic (TTE) (3). 

 I
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Over the last years, technical advances have improved 
the effectiveness of both procedures in reestablishing 
continuity of the alimentary tract in a safe and effi -
cient manner. However, there remains a controversy 
over the best method of treatment, which has been 
coupled with increasing efforts to reduce operative 
morbidity and mortality rates in a disease with som-
ber prognosis. (15) 

 This chapter primarily focuses on open THE. 
Based upon Orringer’s experience (5), a thoracotomy 
is seldom required to perform an esophagectomy in a 
benign esophageal disease Megaesophagus of achalasia 
and portal hypertension are exceptions due, respectively, 
to extensive pleural adhesions and the risk of bleeding. 
Some of the potential advantages of a transhiatal tech-
nique include a decrease in the incidence of respiratory 
complications (16), and the reduced risks of a cervical 
anastomotic leak in comparison to an intrathoracic 
anastomotic leak (17, 18). 

 PATIENT SELECTION 

 Patient selection is critical to optimizing surgical results. 
This includes risk assessment for this purpose and ac-
curate staging. 

 Indications 

 All patients who are candidates for an esophagec-
tomy, even after chemotherapy, radiotherapy, caustic 
injuries, achalasia, or previous surgery, can be con-
sidered for the transhiatal approach. The stomach 
is the preferred organ to use as conduit because of 
its rich blood supply, mobility, length to reach the 
neck, and the need for only one unique anastomosis. 
In case of esophageal cancer, a gastric conduit can be 
performed for tumors at all levels of the esophagus 
(19). This type of resection is safe and well tolerated 
(19–20). 

 Contraindications 

 Contraindications for THE include bronchoscopic evi-
dence of tracheobronchial invasion, or distant metasta-
sis, during preoperative assessment (21). In the absence 
of clinical contraindications, the most critical assess-
ment is in the operating room, with the surgeon’s pal-
pation through the hiatus determining if the resection 
is feasible and safe. Firm adhesion of the esophagus to 
the aorta or the tracheobronchial tree, either from direct 
tumor transgression or dense adhesions, contraindicates 
a THE (22). 

 Preoperative Preparation 

 Ideally, at least 2 weeks before surgery, the patient should 
start pulmonary physiotherapy and smoking cessation. 
The nutritional status needs to be evaluated and opti-
mized as soon as possible. If weight loss and nutritional 
depletion are severe, consideration should be given to 
supplemental feedings (20). In some instances, a feeding 
jejunostomy tube may be considered. Although colonic 
bowel preparation is not routinely required, patients 
with past history of gastric diseases or surgery should 
have their colon evaluated by a barium enema and pre-
pared for surgery in case the stomach interposition is not 
feasible (21). 

 ANESTHESIA 

 Patients are typically monitored with continuous intra-
arterial blood pressure monitoring, and 2 large-bore in-
travenous catheters should be placed in the patient for 
this purpose. This is important because the mediastinal 
blind blunt dissection compresses the heart and causes 
impaired diastolic fi lling, and because the estimated 
blood loses is between 0.5 L and 1 L (23). 

 An epidural catheter can be considered for better 
postoperative pain control and, consequently, better pul-
monary function. A single-lumen endotracheal tube is nor-
mally used, except when the patient has a previous history 
of prior esophageal surgery or in upper or middle-third tu-
mors, in which cases, a thoracotomy might be required. 

 Esophagoduodenoscopy is routinely performed at 
the beginning of the operative procedure under general 
anesthesia. This allows the surgeon to confi rm the position 
of the tumor and review the surgical approach. Retrofl ex-
ion is regularly performed to evaluate the gastroesopha-
geal junction and cardia. It is prudent to avoid excessive 
air insuffl ation during the preoperative endoscopy. 

 OPERATIVE TECHNIQUE 

 The patient is positioned supine with the head in exten-
sion turned to the right on a shoulder roll. Prophylactic 
fi rst-generation cephalosporin antibiotics are adminis-
tered. The skin preparation includes the neck, anterior 
chest, and whole abdomen. The surgery is performed in 
a sequential fashion that starts in the abdomen, moves 
on to the neck and then combines both approaches. 

 Abdominal Phase: Laparotomy 

 The procedure begins with a midline incision starting 
from the xiphoid and extending to the umbilicus. In 
patients with cancer, it is important to fi rst explore the 
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abdomen to evaluate for metastasis in the peritoneum, 
liver, and periaortic and distant metastatic lymph nodes. 
The resection is aborted if distant metastases are encoun-
tered (21,23). If proceeding with the resection, carefully 
examine the stomach for scarring or any other evidence 
of prior disease. 

 Once the tumor is deemed to be resectable, start by 
dividing the triangular ligament for mobilization of the 
left hepatic lobe. A self-retaining retractor is placed to 
help with exposure. The mobilization of the stomach is 
started typically at the midpoint of the greater curvature. 
It is critical to handle the stomach gently, with care, and 
identify and preserve the gastroepliploic arcade. While 
the fi rst assistant retracts the colon, dissection is started 
where the right gastroepiploic artery terminates through 
an avascular portion of the omentum toward the spleen. 
The transition between the short gastric vessels and the 
gastroepiploic arcade must be identifi ed to avoid inju-
ries to the right gastroepiploic artery. In addition, as the 
short gastric vessels are divided, care is taken to stay 
away from the spleen. Larger vessels should be ligated 
separately; the ultrasonic scalpel is useful for safely tran-
secting the short gastric vessels. The remainder of the 
greater curve exposure is obtained by dividing the gas-
trocolic ligament on the anterior surface of the pancreas. 
The greater curve is, thus, mobilized from the left crus 
to the pylorus. The stomach is then retracted anteriorly 
and the posterior gastric attachments should then be 
divided. 

 The next step is to start dividing the gastrohepatic 
ligament with the electrocautery or an ultrasonic scalpel 
toward the right crus. Some prefer to preserve the right 
gastric artery. The left gastric vessels are identifi ed. In 
view of unpredictable anatomic variations, it is impor-
tant to recognize the celiac trunk and its branches and 
to identify any aberrant left hepatic artery, before divid-
ing the left gastric vessels. The left gastric vessels can be 
divided with mechanical sutures or suture ligatures. 

 Once the stomach is completely mobilized, the 
duodenum is generously mobilized from its retroperito-
neal location (Kocher maneuver) so the pylorus can be 
displaced from its usual position and the stomach gains 
maximal cephalad reach. A pyloromyotomy should be 
performed to avoid the possibility of delayed gastric 
emptying after vagotomy. Begin by placing a 4–0 silk 
stay suture at the most superior and inferior aspect of 
the pylorus. With traction on the stay sutures, the serosa 
and muscle across the pylorus are transversally scored 
with the electrocautery for a length of 1.5 cm. The dis-
section continues until the submucosa bulges out. The 
pyloromyotomy is covered with adjacent omentum. Al-
ternatively, a pyloroplasty can be performed. 

 The phrenoesophageal ligament at the hiatus is divi-
ded as the crus of the diaphragm is opened anteriorly (23). 
The esophagogastric junction is encircled with a Penrose 

drain to use as a handle. With downward traction on 
the Penrose drain, the right hand enters the diaphrag-
matic hiatus to perform blunt fi nger dissection of the 
lower esophagus. At this point, it is important to en-
sure that the esophagus is free from pericardium, aorta, 
prevertebral fascia, and tracheobronchial tree. Fixation 
precludes resection or if deemed unsafe, do not hesitate 
to convert to a transthoracic resection (24). 

 Most of the esophagus can be released from the me-
diastinal attachments through the abdomen under direct 
vision, which allows the placement of clips in the blood 
vessels surrounding the esophagus. Placing the patient 
in reverse Trendelenburg position can aid the exposure. 
The major vagal trunks are divided as the esophagus is 
dissected from the pleura and pericardium. When the 
dissection is technically diffi cult, direct exposure of the 
esophagus is facilitated by small retractors in the dia-
phragmatic hiatus. The esophagus can be rotated in any 
direction and dissected routinely up to the level of the 
pulmonary veins and to the subcarinal area (25). No at-
tempts should be made to include any surrounding soft 
tissue or lymph nodes in the specimen. In case of fi rm 
adhesions that cannot be separated from the mediasti-
nal structures, the dissection should be abandoned and 
a right thoracotomy performed. The abdominal phase 
of the operation is concluded with the placement of a 
jejunostomy tube. 

 Cervical Phase 

 A 5 to 8 cm oblique incision, along the anterior border 
of the left sternocleidomastoid muscle, is made. The ster-
nocleidomastoid muscle and carotid sheath are retracted 
laterally and the thyroid and larynx medially. During 
this phase, it is imperative that no retractor be placed 
against the tracheoesophageal groove to avoid injury to 
the recurrent laryngeal nerve. The middle thyroid vein is 
usually ligated and divided (21). Once the prevertebral 
fascia is reached, blunt dissection with an index fi nger 
is performed posterior to the esophagus as far caudal as 
possible. 

 Then, develop a plane between the trachea and the 
anterior surface of the esophagus; care must be taken 
not to injure the posterior membranous trachea. Start 
with sharp dissection, staying always posterior to the 
 recurrent laryngeal nerve. Fingers must be kept closely 
applied to the wall of the esophagus. Once the anterior 
and posterior thoracic esophagus is mobilized, gently 
encircle it with a rubber drain and maintain an up-
ward traction. With this maneuver, the esophagus can 
be  liberated and mobilized from mediastinum down 
to the carina. When the upper third of the thoracic 
esophagus is fi rmly attached to the posterior membra-
nous trachea, either because of tumor or infl ammatory 
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reaction, a  partial median sternotomy might be neces-
sary to provide good access and direct vision. 

 Transhiatal or Mediastinal Dissection 

 One hand is inserted through the diaphragmatic hiatus 
posterior to the esophagus while a half-sponge stick is 
placed through the cervical incision to dissect the esoph-
agus off the prevertebral fascia and toward the abdomen 
(21). A gentle upward traction is applied in the encircling 
cervical rubber drain. Again, blunt dissection is carried 
out, keeping the fi ngers directly against the esophagus in 
the midline. This completes the liberation of the poste-
rior esophagus. 

 The anterior mobilization is also performed from 
both abdominal and cervical incisions, with the fi ngers 
always directly against the anterior esophagus to avoid 
injury to the posterior membranous wall of the trachea. 
This part is usually more technically demanding. Through 
the hiatus the esophagus is held at the upper most level 
between the index and middle fi ngers and the remaining 
attachments are severed, with a downward motion from 
the superior mediastinum. At the subcarinal level, pos-
terior pressure is exerted against the esophagus, thereby 
sweeping it away from the pericardium. The carina and 
left bronchus are vulnerable to injury if an inappropriate 
blunt dissection is performed. The vascular structure at 
risk is the azygos vein. Frequent assessment for blood 
pressure and constant communication with the anesthe-
tist are essential in avoiding prolonged hypotension. 

 Once the esophagus is completely free, from the 
hiatus to the neck, divide it obliquely in its uppermost 
part distal to the cricopharyngeus muscle. Pull the surgi-
cal specimen through the abdomen. A careful inspection 
of the posterior mediastinum should be performed. Me-
diastinal packing for a couple of minutes is a prudent 
step and helps with hemostasis. In case of pleural entry, 
chest tubes should be inserted. 

 The stomach and esophagus are placed in the ante-
rior abdominal wall to perform the partial proximal gas-
trectomy. To prepare the gastric tube, place traction in 
the highest point of the gastric fundus and another in the 
lowest point of the antrum so the stomach is stretched. 
An Endo GIA (gastrointestinal anastomosis) stapler (U.S. 
Surgical, Norwalk, Connecticut) is applied in the lesser 
curve toward the gastric fundus so the cardia and proxi-
mal stomach are resected. Allow 5 to 6 cm margins distal 
to the tumor. After each application of the stapler, the 
stomach is lengthened progressively cephalad, thereby 
maximizing the upward reach of the conduit. With most 
of the lesser curvature removed, the fundus can usually 
reach the neck without excessive tension and the stomach 
becomes a tubular structure instead of the usual reservoir 
(23). Even with gross 5 cm margin beyond the tumor, 

the gastric remnant is long enough to reach the cervical 
esophagus. In cases of benign disease or middle or upper 
esophageal cancer, more stomach can be preserved, sav-
ing the collateral circulation to the fundus. Some sur-
geons prefer to routinely oversew the staple line. 

 The entire forearm is passed through the diaphrag-
matic esophageal hiatus to ensure an adequate mediasti-
nal tunnel for the new esophageal conduit. The stomach 
is gently pushed rather than pulled through the hiatus 
and delivered above the clavicles. It should pass through 
the original esophageal bed in the posterior mediasti-
num. This is a direct path, tension free, and does not 
require resection of the clavicle (23,25). The whole con-
duit should be palpated to assure proper positioning, 
without torsion ensuring proper orientation. When the 
gastric fundus appears in the cervical wound, it is gently 
grasped with a Babcock clamp and pulled upward as 
the other hand inserted from the abdomen gently pushes 
the stomach upward, making sure no twisting occurs. 
Every effort is made to minimize trauma to the mobi-
lized stomach being used to replace the esophagus (26). 
The hiatus is re-approximated with non-absorbable su-
tures so that only 3 fi ngers pass alongside the stomach. 
Abdominal hemostasis and closure of the abdominal 
wound are completed prior to beginning the cervical 
esophagogastric anastomosis. 

 Cervical Esophagogastric Anastomosis 

 Several techniques have been described for the esopha-
gogastric anastomosis, both manually or with mechani-
cal sutures (12,23,25,27). In the 1990s, Dewar reported 
that the 2-layer interrupted anastomosis had the lowest 
leak rate (28). 

 If handmade, the traditional description of the 
Orringer technique is a single-layer, interrupted suture 
technique, constructing an end-to-side cervical esoph-
agogastric anastomosis over a 46F bougie (6). A full-
thickness of anterior gastric wall is excised 3 to 4 cm 
below the apex of the stomach to create an anterior 
gastric stoma. Interrupted 4–0 polyglycolic acid sutures 
are placed, and the anastomosis completed. A nasogas-
tric (NG) tube is passed and placed above the pylorus. 
A muscle fl ap to protect the anastomosis has been sug-
gested by some authors (23). 

 When performed with mechanical sutures, begin 
the anastomosis by placing the anvil of the circular Endo 
GIA stapler (U.S. Surgical, Norwalk, Connecticut) in 
the esophageal stump. Then, a 1.5 cm incision is made 
in the anterior gastric wall of the conduit distant from 
the gastric fundus, to allow the full insertion of the cir-
cular stapler. Once the esophagus and the stomach are 
aligned, the circular Endo GIA is closed into the anvil. 
The gastrotomy is closed with staplers. 
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 Another option is to perform a side-to-side cervical 
anastomosis with a linear Endo GIA II 30–3.5 stapler 
(26). In this case, after performing the anterior gastrot-
omy, place 2 stay sutures to align the esophagus and the 
stomach. The stapler is inserted with the thinner anvil 
into the stomach and closed. Before fi ring, 2 suspension 
sutures are placed on either side of the anastomosis. 
Once fi red, a NG tube is placed and the anastomosis can 
be completed in 2 layers. The gastric incision is closed 
with linear staplers and the cervical wound is closed 
over a drain. 

 POSTOPERATIVE CARE 

 The patients are usually extubated in the operating 
room, and the epidural catheter can be valuable in post-
operative pain control. A chest X-ray is obtained in the 
recovery room to evaluate hemothorax, pneumothorax, 
and mediastinal widening. During the fi rst 24 hours the 
patient must be under close observation and monitored. 
As soon as possible, respiratory physiotherapy is re-
sumed and ambulation is encouraged. Early ambulation 
is a key factor in postoperative care. 

 The use of a feeding jejunostomy permits early 
postoperative discontinuation of intravenous feedings, 
and nutritional supplementation if necessary following 
the discharge from the hospital (18). Jejunostomy tube 
feeding is usually started in postoperative day 3, via slow 
infusion and, if well tolerated, can be progressively in-
creased. Postoperative weight loss after esophagectomy is 
common, but it tends to stabilize within 1 to 3 months. 

 Postoperative protocols can vary. Some surgeons 
prefer to start oral intake after the barium swallow is 
done on or after postoperative day 7 and is confi rmed to 
be normal; others remove the nasogastric (NG) tube by 
postoperative day 3 to 5. If the NG tube is removed by 
day 3 to 5, a liquid diet should begin 24 hours after re-
moval and, on postoperative day 7, the barium swallow 
examination is obtained.   Oral intake also is managed 
in different ways. Some prefer to leave the patients on a 
liquid diet while others advance in consistency. Patients 
may experience some degree of dysphagia independent 
of the type of anastomosis (18). 

 COMPLICATIONS 

 Hemorrhage 

 One of the greatest concerns with the use of THE has 
centered over the lack of direct visualization of the medi-
astinal dissection and, consequently, the risk of increased 
blood loss and the potential for catastrophic bleeding 
(22,29). This complication is rare and, when it occurs, is 

usually related to injury of larger vessels, such as the azy-
gos and the aorta. Most of the arteries that nourish the 
esophagus originate directly from the aorta, divide into 
fi ne branches, and then penetrate the muscular wall to 
form an extensive interconnecting submucosal network. 
When these small vessels are torn, massive hemorrhage 
is rare and unusual (22). If the point of bleeding can-
not be identifi ed, the mediastinum should be packed and 
volume resuscitation started. If the bleeding continues, 
the procedure is converted to a thoracotomy. 

 The average bleeding for THE has been 500 mL 
to 1000 mL, but with experience, it has decreased (18). 
The key is to maintain the plane of dissection immedi-
ately on the muscular wall of the esophagus. Patients 
with tumors fi xed to the aorta or periesophageal tissues 
should not undergo this procedure. In Orringer’s series, 
less than 1% of patients required a thoracotomy for 
bleeding control (20). 

 Tracheal Tear 

 Tracheal tear is another major intraoperative compli-
cation with a lower rate of occurrence in experienced 
hands. Orringer reported an incidence of 1% in his se-
ries (20). Patients at risk include patients who have had 
preoperative radiation therapy, prior mediastinitis, or 
tumors with fi rm fi xation to the posterior tracheal wall. 

 Upon identifying an airway laceration, the endotra-
cheal tube should be guided under direct vision, distal to 
the tear to avoid loss of a large volume. Ideally, after the 
completion of the esophagectomy, the tear can be primar-
ily repaired. The technique of the tracheal repair is depen-
dent upon the site of the injury (22). When the tear is in the 
upper trachea, a partial sternotomy offers direct visualiza-
tion. However, extensive tears involving carina or main 
bronchus should be approached by right thoracotomy. 

 Pleural Complications 

 Intraoperative pleural entry is a minor complication eas-
ily managed with immediate chest tube insertion. This 
occurs in 25% to 75% of all cases (22). In the Gurkan 
series, 44.6% of the patients submitted to an esophagec-
tomy had pneumothorax (19). 

 Chylothorax has been reported in approximately 
1% of cases (20). Chest tube drainage greater than 200 
to 400 ml per shift for more than 48 hours should lead 
one to suspect of thoracic duct injury. The milky aspect 
of the fl uid, the high levels of triglycerides, or the pres-
ence of chylomicrons in the pleural effusion confi rm 
the diagnosis. Nonoperative treatment using tube tho-
racostomy and reduced-fat diet with administration of 
medium chain triglycerides or total parenteral nutrition 
may suffi ce; however, some surgeons advocate aggressive 
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management by early surgical repair, via transthoracic 
ligation of the thoracic duct (30). Prolonged or massive 
drainage of chyle may perpetuate serious nutritional 
defi cits and lymphocyte depletion, both of which may 
promote or magnify the effects of perioperative infec-
tive complications (30). When there is persistent high 
chylous drainage and no improvement with conserva-
tive management, surgical ligation of the thoracic duct 
should be performed. 

 Nerve Injury 

 Recurrent laryngeal nerve injury can be a devastating 
complication after esophagectomy, not only because of 
the hoarseness, impaired ability to cough, and secondary 
bronchial aspiration. Paresis of the recurrent nerve is 
usually related to the placement of retractors in the tra-
cheoesophageal groove and usually resolves within weeks 
(31). Gurkan et al. (19) and Daniel (29) reported an in-
cidence of 9%, while Orringer (31) reported a 1% inci-
dence of recurrent laryngeal nerve injury in his series. 

 Anastomotic Leaks 

 The incidence of anastomotic leak reported in the lit-
erature vary from 13% to 20% (3,19,27,32). Although 
the relative merits of hand-sewn versus stapled ap-
proaches and single- versus multilayer closures have 
been debated, there is no defi nitive evidence that 
suggests that any anastomotic technique is associated 
with signifi cantly superior results (22). In the Orringer 
 series (20), cervical anastomosis leak occurred in 13% 
of cases, typically after retrosternal placement, radia-
tion therapy, and prior operation at the gastroesopha-
geal junction (20). 

 This complication of anastomotic leak in the neck 
is usually easy to manage (3,29,32). Mediastinitis in this 
context is rare, due to the cervical position of the anas-
tomosis (19). 

 The clinical presentation can vary from a clinically 
silent fi stula to a septic critically ill patient requiring 
immediate surgical intervention. In the fi rst case, the 
diagnosis will probably be made during a routine con-
trast exam, and, in general, these leaks are small and 
contained (27). Early dilation has been suggested by 
some, not only to facilitate closure of the fi stula but 
also to prevent a dense stricture from becoming estab-
lished (33). 

 Symptomatic patients present with fever, cervi-
cal pain, erythema, and purulent discharge from the 
wound. The wound should be opened and drainage es-
tablished. Spontaneous closure will often occur within 
2 to 3 weeks, during which time adequate nutrition is 
maintained with enteral or parenteral nutrition. Some 

allow water ingestion to wash out the wound. To pre-
vent anastomotic strictures and distal obstructions 
early esophageal dilatation has been advocated by some 
 authors (33). 

 Some anastomotic leaks are characterized by 
signifi cant gastric ischemia, which may be due to ve-
nous thrombosis or arterial insuffi ciency in the gas-
tric fundus. Endoscopically, one can visualize necrosis 
that can compromise the whole circumference or part 
of the conduit. All these patients require urgent sur-
gery to take down the stomach and perform a cervical 
esophagostomy and a tube gastrostomy. This type of 
complication carries a high mortality rate. Late anas-
tomotic leaks are rare and usually occur with limited 
acute morbidity. 

 Splenectomy 

 Incidental spleenectomy, secondary to traction injury 
and bleeding, has been reported in about 3% of patients 
(20). A careful dissection around the greater curvature 
can prevent this type of injury. 

 RESULTS 

 The ability to perform a safe and effi cient THE for 
both benign and malignant disease has been amply 
demonstrated (32,34), primarily through the work of 
Orringer (31). Many retrospective studies (16,29,35–
40) have compared THE and TTE predominantly in 
cancer patients, resulting in confl icting arguments for 
one method over the other. Despite reports advocating 
one form of esophagectomy in preference to another, 
the optimal surgical approach that has the greatest 
survival with the lowest surgical morbidity and mor-
tality has not been established (40–42). 

 The higher operative mortality previously reported 
(32,43) has been challenged by studies reporting a 
mortality of less than 8% for resection of esophageal 
carcinoma (4,16,19–20,29,44–46). Respiratory failure 
and sepsis are the most common causes of death (22). 
Although anastomotic leak, in general, is not associ-
ated with death, it is a major morbidity (19,45). Re-
cent series have compared THE and TTE in regard to 
morbidity, mortality, and recurrence rates in esophageal 
cancer patients, and no statistical differences were found 
(32,39,41,44,47). 

 Although major debate still surrounds the use of 
THE as a cancer operation, several studies have not 
shown a signifi cant difference when compared to TTE 
(3,35,41,42,44,48). Increasing experience with esopha-
geal reconstruction techniques has resulted in lower 
operative morbidity and mortality rates and improved 
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function of the esophageal substitutes (26). Yet, de-
spite improvements, esophageal resection remains a 
 formidable operation for patients whose nutritional and 
 pulmonary status have been compromised by dysphagia. 
Differences in tumor extent, nutritional status, surgical 
technique, hospital volume, and surgeon experience are 
all important factors impacting the results of esophagec-
tomies reported in the literature (49). 

  28. Dewar L, Gelfand G, Finley RJ, Evans K, Inculet R, Nelems B. Factors affecting cervi-
cal anastomotic leak and stricture formation following esophagogastrectomy and gas-
tric tube interposition.  Am J Surg.  1992;163:484–489. 

  29. Daniel TM, Fleischer KJ, Flanagan TL, Tribble CG, Kron IL. Transhiatal esophagec-
tomy: a safe alternative for selected patients.  Ann Thorac Surg.  1992;54:686–690. 

  30. Orringer MB, Bluett M, Deeb GM. Aggressive treatment of chylothorax complicating 
transhiatal esophagectomy without thoracotomy.  Surgery.  1988;104:720–726. 

  31. Orringer MB, Marshall B, Stirling MC. Transhiatal esophagectomy for benign and 
malignant disease.  J Thorac Cardiovasc Surg.  1993;105:265–277. 

  32. Rao YG, Pal S, Pande GK, Sahni P, Chattopadhyay TK. Transhiatal esophagectomy for 
benign and malignant conditions.  Am J Surg.  2002;184:136–142. 

  33. DiMusto PD, Orringer MB. Transhiatal esophagectomy for distal and cardia cancers: 
implications of a positive gastric margin.  Ann Thorac Surg.  2007;83:1993–1999. 

  34. van Sandick JW, van Lanschot JJ, ten Kate FJ, Tijssen JG, Obertop H. Indicators of 
prognosis after transhiatal esophageal resection without thoracotomy for cancer.  J Am 
Coll Surg . 2002;194:28–36. 

  35. Moon MR, Schulte WJ, Haasler GB, Condon RE. Transhiatal and transthoracic esoph-
agectomy for adenocarcinoma of the esophagus.  Arch Surg.  1992;127:951–955. 

  36. Siewert JR, Holscher AH. Current strategy in surgery for esophageal cancer.  Ann Ital 
Chir . 1992;63:13–18. 

  37. Akiyama H, Tsurumaru M, Ono Y, Udagawa H, Kajiyama Y. Esophagectomy without 
thoracotomy with vagal preservation.  J Am Coll Surg . 1994;178:83–85. 

  38. Bousamra M II, Haasler GB, Parviz M. A decade of experience with transthoracic and 
transhiatal esophagectomy.  Am J Surg.  2002;183:162–167. 

  39. Rentz J, Bull D, Harpole D, et al. Transthoracic versus transhiatal esophagec-
tomy: a prospective study of 945 patients.  J Thorac Cardiovasc Surg.  2003;
125:1114–1120. 

  40. Johansson J, DeMeester TR, Hagen JA, et al. En bloc vs. transhiatal esopha-
gectomy for stage T3 N1 adenocarcinoma of the distal esophagus.  Arch Surg.  
2004;139:627–633. 

  41. Hulscher JB, Tijssen JG, Obertop H, van Lanschot JJ. Transthoracic versus trans-
hiatal resection for carcinoma of the esophagus: a meta-analysis.  Ann Thorac Surg.  
2001;72:306–313. 

  42. Hulscher JB, van Sandick JW, de Boer AG, et al. Extended transthoracic resection 
compared with limited transhiatal resection for adenocarcinoma of the esophagus. 
 N Engl J Med . 2002;347:1662–1669. 

  43. Muller JM, Erasmi H, Stelzner M, Zieren U, Pichlmaier H. Surgical therapy of oe-
sophageal carcinoma.  Br J Surg.  1990;77:845–857. 

  44. Pac M, Basoglu A, Kocak H, et al. Transhiatal versus transthoracic esophagectomy for 
esophageal cancer.  J Thorac Cardiovasc Surg.  1993;106:205–209. 

  45. Vigneswaran WT, Trastek VF, Pairolero PC, Deschamps C, Daly RC, Allen MS. 
Transhiatal esophagectomy for carcinoma of the esophagus.  Ann Thorac Surg.  
1993;56:838–846. 

  46. Gertsch P, Vauthey JN, Lustenberger AA, Friedlander-Klar H. Long-term results of 
transhiatal esophagectomy for esophageal carcinoma. A multivariate analysis of prog-
nostic factors.  Cancer . 1993;72:2312–2319. 

  47. Chu KM, Law SY, Fok M, Wong J. A prospective randomized comparison of trans-
hiatal and transthoracic resection for lower-third esophageal carcinoma.  Am J Surg.  
1997;174:320–324. 

  48. Fok M, Siu KF, Wong J. A comparison of thanshiatal and transthoracic resection for 
carcinoma of the thoracic esophagus.  Am J Surg.  1989;158:414–418. 

  49. Goldfaden D, Orringer MB, Appelman HD, Kalish R. Adenocarcinoma of the dis-
tal esophagus and gastric cardia. Comparison of results of transhiatal esophagec-
tomy and thoracoabdominal esophagogastrectomy.  J Thorac Cardiovasc Surg.  
1986;91:242–247. 

  50. Linden PA, Sugarbaker DJ. Section V: techniques of esophageal resection.  Semin 
 Thorac Cardiovasc Surg . 2003;15:197–209. 

 References 
  1. Denk W. Zur Radikaloperation des Osophaguskarzinoms.  Zentralbl Chir . 

1913;40:1065. 
  2. Turner GG. Excision of the thoracic esophagus for carcinoma with construction of 

extra-thoracic gullet.  Lancet . 1933;2:1315–1316. 
  3. Boyle MJ, Franceschi D, Livingstone AS. Transhiatal versus transthoracic esophagec-

tomy: complication and survival rates.  Am Surg . 1999;65:1137–1142. 
  4.  Katariya K, Harvey JC, Pina E, Beattie EJ. Complications of transhiatal esophagec-

tomy.  J Surg Oncol.  1994;57:157–163. 
  5. Orringer MB, Sloan H. Esophagectomy without thoracotomy.  J Thorac Cardiovasc 

Surg.  1978;76:643–654. 
  6. Orringer MB. Transhiatal esophagectomy without thoracotomy. In: Pearson FG, Coo-

per JD, Deslauriers J, et al., eds.  Esophageal Surgery . 2nd ed. New York: Churchill 
Livingstone; 2002:834–853. 

  7. Kirk RM. Palliative resection of oesophageal carcinoma without formal thoracotomy. 
 Br J Surg.  1974;61:689–690. 

  8. Akiyama H, Sato Y, Takashashi F. Immediate pharyngogastrostomy following total 
esophagectomy by blunt dissection.  Jpn J Surg . 1971;1:225–231. 

  9. Thomas AN, Dedo HH. Pharyngogastrostomy for treatment of severe caustic stricture 
of the pharynx and esophagus.  J Thorac Cardiovasc Surg.  1977;73:817–824. 

  10. Sweet RH. The treatment of carcinoma of the esophagus and cardiac end of the stom-
ach by surgical extirpation—203cases of resection.  Surgery . 1948;23:952. 

  11. Garlock JH. Resection of thoracic esophagus for carcinoma located above arch of 
aorta: cervical esophagogastrostomy.  Surgery . 1948;24:1. 

  12. Orringer MB, Sloan H. Substernal gastric bypass of the excluded thoracic esophagus 
for palliation of esophageal carcinoma.  J Thorac Cardiovasc Surg.  1975;70:836–851. 

  13. Orringer MB. Substernal gastric bypass of the excluded esophagus-results of an ill-
advised operation.  Surgery . 1984;96:467–470 

  14. Orringer MB. Technical aids in performing transhiatal esophagectomy without thora-
cotomy.  Ann Thorac Surg.  1984;38:128–132. 

  15. Vigneswaran WT, Trastek VF, Pairolero PC, Deschamps C, Daly RC, Allen MS. 
Transhiatal esophagectomy for carcinoma of the esophagus.  Ann Thorac Surg.  
1993;56:838–846. 

  16. Bolton JS, Sardi A, Bowen JC, Ellis JK. Transhiatal and transthoracic esophagectomy: 
a comparative study.  J Surg Oncol.  1992;51:249–253. 

  17. Orringer MB, Orringer JS. Esophagectomy without thoracotomy: a dangerous opera-
tion?  J Thorac Cardiovasc Surg.  1983;85:72–80. 

  18. Orringer MB. Transthoracic versus transhiatal esophagectomy: what difference does it 
make?  Ann Thorac Surg.  1987;44:116. 

  19. Gurkan N, Terzioglu T, Tezelman S, Sasmaz O. Transhiatal oesophagectomy for oe-
sophageal carcinoma.  Br J Surg.  1991;78:1348–1351. 

  20. Orringer MB, Marshall B, Iannettoni MD. Transhiatal esophagectomy: clinical experi-
ence and refi nements.  Ann Surg.  1999;230:392–403. 

  21. Lin J, Iannettoni MD. Transhiatal esophagectomy.  Surg Clin North Am . 2005;
85:593–610. 

  22. Gandhi SK, Naunheim KS. Complications of transhiatal esophagectomy.  Chest Surg 
Clin N Am.  1997;7:601–612. 

  23. Zwischenberger JB, Sankar AB. Transhiatal esophagectomy.  Chest Surg Clin N Am.  
1995;5:527–542. 

  24. Orringer MB. Transhiatal esophagectomy without thoracotomy for carcinoma of the 
thoracic esophagus.  Ann Surg.  1984;200:282–288. 

  25. Pinotti HW, Cecconello I, De Oliveira MA. Transhiatal esophagectomy for esophageal 
cancer.  Semin Surg Oncol . 1997;13:253–258. 

  26. Orringer MB, Marshall B, Iannettoni MD. Transhiatal esophagectomy for treatment of 
benign and malignant esophageal disease.  World J Surg.  2001;25:196–203. 

  27. Gelfand GA, Finley RJ, Nelems B, Inculet R, Evans KG, Fradet G. Transhiatal esopha-
gectomy for carcinoma of the esophagus and cardia. Experience with 160 cases.  Arch 
Surg.  1992;127:1164–1168. 

 SUMMARY 

 The benefi ts of surgery in patients with resectable esoph-
ageal cancer are clearly established, offering patients a 
superior palliative or curative effect with acceptable 
morbidity and mortality (50). THE can be performed 
safely with low mortality and acceptable long-term 
function. 
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he extent of lymph node dissection 
required when surgically treating 
esophageal cancer is a source of 
considerable controversy. Much of 
this debate stems from different per-

spectives regarding the natural history of esophageal can-
cer and the role that surgery can play in treating this 
disease. For those who believe that esophageal cancer 
metastasizes early in its course, a more radical operation 
with an extended lymphadenectomy achieves little or no 
gain in most patients, at the cost of signifi cantly in-
creased morbidity (1). Within this paradigm, the goal 
of resection is simply to provide local control with the 
least possible morbidity in order to permit patients 
to receive systemic treatments. Transhiatal esopha-
gectomy, championed by Orringer, is the traditional 
operation used in this type of resection, with the 
esophagus, stomach, and immediately adjacent lymph 
nodes removed through transabdominal mobilization 
of the esophagus with an anastomosis created in the 
neck. While a transhiatal esophagectomy strictly re-
fers to the surgical approach and not the extent of 
lymphadenectomy, most believe that an aggressive 
lymphadenectomy would require some component of 
a transthoracic approach (2). The contrasting view-
point regarding esophageal cancer considers that even 
in patients with locally advanced disease (including 

in the presence of nodal disease), there is the poten-
tial for a surgical cure. In these patients, an extended 
lymphadenectomy represents an extension of basic 
oncologic principles, with the possibility that a wider 
extent of resection clears nodal basins potentially 
harboring malignant cells and results in improved 
long-term survival (3–7). In the context of this view-
point, the role of a more radical lymphadenectomy 
for esophageal cancer is especially relevant because 
the rich submucosal network of lymphatics allows for 
extensive longitudinal spread of tumor-bearing cells 
early in the disease process. Lymph node metastases 
can be found in up to 12% of superfi cial tumors with 
invasion into the (deep mucosa) submucosa and in 
up to 45% of those invading into the submucosa (8). 
Furthermore, the patterns of lymphatic spread also 
dictate the extent and location of the lymphadenec-
tomy. Tumors of the upper and middle third of the 
esophagus usually follow patterns of lymphatic fl ow 
to the neck and upper mediastinum and those in the 
lower third to lymph node basins of the abdomen 
(9). The rationale for extended lymphadenectomies es-
poused by proponents of these approaches stems from 
this widespread pattern of lymphatic fl ow, in which 
tumor-bearing metastases of the thoracic esophagus 
may travel to lymph node basins from the neck to the 
abdomen. 

 T
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 DEFINITIONS 

 Fields of Lymph Node Dissection 

 The terminology regarding the extent of lymphadenec-
tomy has come to revolve around the concept of differ-
ent nodal “fi elds,” of which 3 are described: abdominal, 
mediastinal, and high-mediastinal or cervical. 

 The fi rst fi eld describes nodal basins accessible 
through the abdominal dissection, including the lesser 
curve of the stomach; the left gastric, celiac, common 
hepatic, and splenic arteries; and tissues between the pan-
creas and diaphragmatic crus. 

 The second fi eld describes nodal basins spanning 
the mediastinum proper, including the periesophageal 
nodes extending from the diaphragm up to at least the 
subcarinal region, with some also describing a dissection 
up to the thoracic inlet. Some surgeons also advocate 
clearance of the thoracic duct along with all periduc-
tal tissues within its mediastinal course as part of this 
portion of the dissection. A transthoracic approach to 
the surgery is felt by many to be necessary in order to 
accom plish the mediastinal component of the dissection, 
although isolated reports suggest that adequate 2-fi eld 
dissection to the tracheal bifurcation may be accom-
plished through a radical transhiatal approach (10). 

 The third fi eld includes nodal tissues within the 
superior and posterior mediastinum and neck, includ-
ing the nodal chain along the course of the recurrent 
nerves bilaterally as well as the internal jugular and supra-
clavicular basins. Advocates of resection of this fi eld cite 
signifi cant rates of positive occult nodal disease in this 
area as well as signifi cant rates of cervical nodal recur-
rence occurring in patients undergoing more limited 
lymphadenectomies (11,12). 

 It is important to note that there is no consensus of 
opinion regarding these defi nitions. Although an Inter-
national Society of Diseases of the Esophagus consensus 
conference in the early 1990s sought to standardize defi -
nitions of these fi elds, there exists a small but signifi cant 
difference in defi nitions of these dissections, particu-
larly with respect to the third fi eld. In the bulk of the 
Japanese literature, for instance, a superior mediastinal 
lymph node dissection along the bilateral recurrent nerves 
is often included within the scope of an “extended” or 
“total” second-fi eld dissection. In this description, the 
third fi eld strictly consists of those lymph node basins 
located exclusively within the supraclavicular fossae and 
along the cervical/jugular chains. The 2-fi eld dissection 
described in the Western literature, on the other hand, 
refers to the standard infracarinal resection as described 
previously, with the third fi eld describing superior medi-
astinal dissection along the bilateral recurrent laryngeal 
nerves as well as the cervical and supraclavicular basins. 
These differences in defi nition should be kept in mind 

when contrasting results of studies, particularly between 
Eastern and Western groups (13). 

 En Bloc Resection 

 The defi nitions of the different fi elds of lymphadenec-
tomy become even more imprecise when the concept of 
an “en bloc” resection is introduced (2,14). This term 
derives from the principle of gaining wide radial mar-
gins of resection of tumor-bearing viscera. In terms of 
esophageal resection, it entails resection of the esoph-
agus and tumor proper, along with extirpation of all 
periesophageal tissues laterally including the bilateral 
pleura, anteriorly to and including necessary portions of 
pericardium, and posteriorly together with all periaortic 
tissues and the thoracic duct. This term does not specifi -
cally refer to the extent of lymphadenectomy in terms 
of the fi elds described previously, but assumes at least a 
complete mediastinal and abdominal 2-fi eld dissection 
from the tracheal bifurcation to the esophageal hiatus, 
including also described perigastric, left gastric, celiac, 
common hepatic, paracardial, and retroperitoneal nodal 
basins. First espoused by Logan and Skinner, proponents 
of the en bloc esophagectomy cite improved rates of sur-
vival and recurrence over lesser resections (2–4,14–25). 

 EVIDENCE 

 The evidence supporting a more extensive lymphad-
enectomy is primarily anecdotal. While there are many 
reported case series and retrospective comparisons of 
various surgical approaches in which there appears to 
be evidence supporting more aggressive surgical man-
agement, these data for the most part do not rise to the 
level of evidence needed to show a convincingly con-
clusive benefi t of any 1 approach. In most retrospective 
series, a selection bias and stage migration likely ex-
plains improved outcomes after extensive lymphadenec-
tomy. However, there are some tantalizing data that do 
provide a hint of the potential benefi t of a more radical 
resection. 

 Two-Field versus a Lesser Lymphadenectomy 

 Transhiatal Esophagectomy Versus 
Transthoracic Esophagectomy 

 The primary source of evidence supporting the poten-
tial benefi t of a more extensive lymphadenectomy comes 
from studies comparing transhiatal (THE) versus trans-
thoracic (TTE) approaches to esophageal resection (9). 
Proponents of THE cite shorter operative times and im-
proved rates of pulmonary and pain-related morbidity 
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due to the lack of a thoracotomy. Conversely, proponents 
of TTE cite the benefi ts of direct and thorough anatomic 
mediastinal esophageal and nodal dissection, including 
decreased rates of intraoperative morbidity from injuries 
to tracheobronchial structures, the azygous vein, and 
thoracic duct. In addition to various series comparing 
the 2 approaches, 2 large meta-analyses by Hulscher et 
al. and Rindani et al. found no differences in long-term 
outcomes between patients undergoing THE versus TTE, 
with 5-year survival rates of approximately 20% to 25% 
(1,26–46). While Hulscher et al. reported increased rates 
of pulmonary-related morbidity and mortality in the 
immediate postoperative period in patients undergoing 
TTE, Rindani found no difference in cardiovascular- or 
pulmonary-related morbidity and cited increased rates of 
anastomotic and recurrent laryngeal nerve–related com-
plications in patients undergoing THE. 

 Four randomized prospective studies compared 
THE to TTE (28,31,47,48). The long-term results of 
the largest trial were recently published and showed no 
differences in 5-year survival between the groups, with 
reported rates of approximately 35% (49). A subgroup 
analysis of patients with tumors involving the gastro-
esophageal junction found a 14% survival advantage for 
patients undergoing TTE versus THE (51% vs. 37%), 
although this was not statistically signifi cant. In patients 
with N1 disease and fewer than 8 positive lymph nodes, 
5-year locoregional disease-free survival was signifi -
cantly greater for patients undergoing TTE compared to 
THE (64% vs. 23%). 

 Two large nonrandomized, multi-institutional stud-
ies utilizing prospectively maintained national databases 
investigated differences in morbidity and mortality be-
tween patients undergoing THE versus TTE (50,51). 
Rentz et al. utilized the Department of Veterans Affairs 
National Surgical Quality Improvement Program to com-
pare 383 patients undergoing THE versus 562 undergoing 
TTE. There were no signifi cant differences in the incidence 
of perioperative complications with the exception of an 
increased rate of wound dehiscence in patients undergo-
ing THE versus THE (5% vs. 2%) (51). Connors et al. 
compared 11,914 patients undergoing THE versus 5,481 
patients undergoing TTE drawn from the Nationwide 
Inpatient Sample database. There were no differences 
seen in morbidity or mortality between the groups. Low-
volume centers (10 or fewer esophagectomies performed 
per year) had signifi cantly higher rates of mortality for 
both procedures and higher rates of gastrointestinal and 
systemic complication in patients undergoing TTE (50). 

 En Bloc Resection 

 En bloc resections incorporate a more aggressive local 
resection that, by extension, results in a more complete 

lymphadenectomy, particularly in the fi rst and second 
fi elds. Results from series evaluating this procedure are 
extrapolated by some as indirect evidence supporting a 
more aggressive lymphadenectomy. The concept of en 
bloc resection stems from basic oncologic theory that 
malignant tumors should be resected along with all sur-
rounding potentially tumor-bearing tissues. In the case 
of esophageal cancers, this approach is concordant with 
surgeons who do not ascribe to the belief that all esoph-
ageal cancers necessarily represent disseminated disease 
beyond the scope of potential surgical cure at the time 
of diagnosis. Given the lack of a true serosa, the fi brous 
pericardial and subpleural origins and insertions of the 
lower esophageal longitudinal muscle may be consid-
ered a substitute for this layer. As originally described 
by Logan and then Skinner, en bloc resection entails 
complete removal of the primary tumor along with a 
surrounding fascial cylinder containing all related lym-
phatics, including pericardium, thoracic duct, azygous 
vein, intercostal vessels, bilateral pleurae, and a cuff 
of crura abutting the tumor bulk (2,14,15,52,53). An 
extensive lymphadenectomy of the midthoracic and 
abdominal fi elds is necessarily assumed as part of this 
dissection, although modifi cations of the technique may 
include sparing of the intercostal vessels, pericardium, 
thoracic duct, and azygous vein. Dissection of the cer-
vical fi eld is not explicitly addressed and not assumed 
within the scope of this dissection. 

 The concept of en bloc resection is more appropri-
ate in the context of a Western patient population with a 
predominance of adenocarcinomas of the lower esopha-
gus, allowing for extensive lateral peritumoral dissection 
below the level of the carina and tracheobronchial tree. 
Tumors of the mid- to upper esophagus are less ame-
nable to en bloc resection, given the proximity of these 
vital structures. 

 Indications for en bloc resection in Western patients, 
as outlined by Skinner and Altorki, were initially lim-
ited to early stage I and II tumors of the mid- and lower 
esophagus and cardia of the stomach (53,19). During 
the past decade, these indications were expanded to in-
clude more advanced lesions with operative mortality 
rates of less than 5% (15,18,52,54,55). Despite morbid-
ity rates as high as 40% to 50% and overall recurrence 
rates from 30% to 50%, proponents of this approach 
report local recurrence rates as low as 4.5%, with most 
nodal recurrences occurring outside the initial fi eld of 
dissection (15,56–58). Reported 5-year survival rates 
for patients undergoing en bloc resections have been 
impressive, ranging from 37% to 50% (55). When 
compared to more limited transhiatal resections, sig-
nifi cantly improved survival rates have been seen with 
en bloc resections in N1 patients with adenocarcinomas 
and fewer than 8 positive nodes in the surgical speci-
men (49,59). At least 1 single-institution experience by 
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Portale et al. reported en bloc resection to be an inde-
pendent predictor of improved outcomes on multivari-
ate analysis (60). 

 Three-Field versus a Lesser Lymphadenectomy 

 One of the most common rationales for extending the 
lymphadenectomy to a third fi eld is to identify and 
remove unrecognized sites of nodal disease. In 1985, a 
Japanese study by Isono et al. analyzed cervical recur-
rences in patients after resection of squamous cell esoph-
ageal cancers and found such recurrences in more than 
one-third of cases (11). Lerut et al. reported a 75% rate 
of unforeseen cervical lymph node involvement in pa-
tients undergoing 3-fi eld dissections (61). The frequency 
of cervical nodal metastases was similar between pa-
tients with adenocarcinomas or squamous carcinomas 
(23% vs. 25%, respectively) and resulted in pathological 
upstag ing of 12% of patients in this series. The rates of 
cervical node metastasis are closely related to the loca-
tion of the primary tumor, with up to 60% of proxi-
mal thoracic esophageal tumors having cervical lymph 
node metastases but only 20% and 12% for tumors of 
the middle and distal esophagus (61–63). A national 
Japanese initiative investigating the results of adding 
the third fi eld of dissection to reduce this recurrence 
rate found improved survival rates over 2-fi eld dissec-
tion, but also showed an increased morbidity, especially 
recurrent laryngeal nerve injuries (12). After resection, 
one-third of these patients were discovered to have cer-
vical nodal metastases that would otherwise have gone 
unrecognized. 

 Akiyama et al. compared patients with N0 dis-
ease who had undergone 3-fi eld dissection to those 
undergoing 2-fi eld dissections (62). The authors found 
signifi cantly improved survival in patients undergoing 
extended cervical dissections, with a 5-year survival of 
84% versus 55% for those undergoing the more limited 
dissection. Although uniformly lower in both groups, 
this was also found for node-positive patients, with 5-
year survival rates of 43% versus 28%, with a survival 
rate of 30% in patients with cervical metastases under-
going 3-fi eld dissection. 

 Altorki et al. have reported the major experience 
with 3-fi eld dissection in North America (63). This 
analysis includes mainly adenocarcinomas of the lower 
esophagus, refl ecting the epidemiological patterns of 
esophageal carcinomas in the United States. The opera-
tive mortality in patients undergoing 3-fi eld dissection 
was 5% with a morbidity of 47%, including a 6% rate 
of recurrent laryngeal nerve injury. The 5-year survival 
in patients with cervical metastases was 15% for adeno-
carcinomas versus 40% for squamous cell carcinomas. 

 In Europe, Lerut reported an overall 5-year survival 
of 42% in patients with either squamous cell carcinoma 

or adenocarcinoma undergoing 3-fi eld resection (61). 
The rate of positive cervical nodes and adenocarcinomas 
was 26% versus 18% for those with squamous cancers. 
Five-year survival for patients with adenocarcinomas 
and positive cervical nodal metastases was 11%. 

 Kang et al. retrospectively compared 233 patients 
with squamous cell esophageal cancers undergoing resec-
tions using 1-, 2-, or 3-fi eld lymphadenectomy (64). 
 Positron-emission tomography and endoscopic ultra-
sound were not routinely used in preoperative staging. 
None of the patients received induction therapy. Group I 
included patients undergoing lymphadenectomy of peri-
tumoral/paraesophageal nodes only, group II included 
patients undergoing peritumoral/paraesophageal and 
either upper thoracic or abdominal lymphadenectomy, 
and group III included patients undergoing resection of 
all 3 nodal fi elds. Overall mortality for the entire study 
was 2.1%, and overall morbidity was 39.9%. The 5-year 
survival was 21.2%, 36.3%, and 53.7% in groups I, II, 
and III respectively. Although 5-year survival rates trended 
toward improvement between the groups in patients 
with N1 disease, this was not statistically signifi cant. 
Locoregional recurrence was signifi cantly greater in 
group I versus groups II or III, but there was no signifi -
cant difference in rates of distant recurrence. 

 Fujita et al. similarly found improved rates of sur-
vival for patients with upper or middle esophageal squa-
mous cancers undergoing 3-fi eld dissections (including 
cervical and supraclavicular basins) versus less extensive 
2-fi eld dissections (65). Although mortality rates were 
similar among the groups, morbidity involving the re-
current laryngeal nerve paresis, anastomotic leak, or 
tracheal ischemia was signifi cantly higher with 3-fi eld 
dissection. Patients with lower esophageal tumors did not 
experience advantage in short- or long-term outcomes 
from 3-fi eld dissection. 

 CONFOUNDING ISSUES 

 Stage Migration 

 One of the main controversies regarding purported im-
proved survival rates of patients undergoing extended 
lymphadenectomies revolves around the issue of stag-
ing. A common criticism of published studies is that 
they are not prospective randomized trials comparing 
2 treatment modalities and that extended lymphadenec-
tomies may simply stage patients more accurately. Stud-
ies of limited lymphadenectomy will necessarily include 
a signifi cant percentage of patients with unrecognized 
additional nodal disease that would otherwise have been 
discovered with a more radical dissection (66). While 
more extensive lymphadenectomies certainly improve stag-
ing, the resultant stage migration introduces a considerable 
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bias in the interpretation of comparisons made between 
these patients and those undergoing lesser resections 
with less adequate staging. It is diffi cult to assess whether 
performing 3-fi eld lymphadenectomy for these professed 
gains are warranted in light of signifi cant rates of serious 
perioperative morbidity, which also have consequences 
for long-term quality of life (67). At least 1 recent large 
observational study of more than 5,500 patients from 
the Surveillance, Epidemiology, and End-Results (SEER) 
database found that only total the number of lymph 
nodes removed (> 30) and the total number of nega-
tive lymph nodes (> 15) predicted improved survival in 
patients undergoing extended lymphadenectomies (68). 

 Isolated Cervical Recurrence Versus 
Multifocal Recurrence 

 Proponents of adding a third fi eld of resection argue that 
a potential benefi t of a more radical lymphadenectomy 
is to decrease disease recurrence at sites of unresected 
nodal disease. This argument would be legitimate if such 
recurrences developed in the absence of systemic disease. 
Although the incidence of cervical nodal recurrence in 
patients undergoing lesser dissections is signifi cant, the 
incidence of isolated cervical recurrences in the absence 
of other systemic or locoregional recurrence is quite low 
(69–71). While Law et al. reported an 11% rate of cervi-
cal recurrence in a series of patients undergoing esopha-
gectomy without cervical nodal dissection, only 4% of 
these recurrences were isolated to the neck alone (72). 
In comparison, the mediastinal and systemic recurrence 
rates were 25% and 26%, respectively. A similar study 
by Dresner et al. found an isolated cervical recurrence 
rate of only 1%, with mediastinal and systemic rates of 
recurrence of 21% and 18%, respectively (73). Yano 
et el. reported isolated cervical recurrences in 1.4% of 
patients even after 3-fi eld dissection (74). Several small 
series and case reports anecdotally show long-term sur-
vival with additional resection in patients with recurrent 
isolated cervical node disease (74–76). 

 Completeness of Resection 

 A potential confounder in the data supporting more ex-
tensive lymphadenectomies is the likely importance of a 
complete gross and pathological (R0) surgical resection 
to long-term survival. The data from en bloc resections 
have consistently shown that a more extensive radical 
resection is associated with a higher likelihood of an R0 
resection (22). As might be expected, however, a more 
“radical” operation for excision of the primary tumor 
will also be associated with a more extensive lymphade-
nectomy. Given this strong correlation, it is not possible 

from retrospective data to disassociate these 2 factors in 
analyses of survival. 

 Mucosal and Submucosal Lesions 

 Meticulous Japanese histologic classifi cation studies of 
superfi cial squamous esophageal cancers have carefully 
defi ned rates of lymph node metastases based on precise 
levels of mucosal and submucosal tumor invasion (8). 
A national survey compared intraepithelial cancers con-
tained within the basement membrane (m1) versus those 
contained within the muscularis mucosae (m2) versus 
those close to or infi ltrating the muscularis mucosae 
(m3). Rates of metastatic lymph node disease between 
these groups was 0.0%, 3.3%, and 12.2%, respectively. 
Submucosal lesions were similarly divided into three 
histologic subgroups (sm1, sm2, sm3), with rates of 
lymph node metastases of 26.5%, 35.8%, and 45.9% 
seen among the three, respectively. This has led to the 
recommendation that endoscopic mucosal resections be 
limited to patients with m1 or m2 disease (77,78). The 
relatively high rates of nodal disease seen in patients 
with m3 or greater disease make esophagectomy with 
appropriate adenectomy a more suitable therapeutic 
choice (79). Newer endoscopic techniques incorporat-
ing high-frequency ultrasound combined with chro-
moendoscopy and magnifi cation endoscopy are under 
investigation to help defi ne these histologic subgroups 
and better assign appropriate therapy to patients with 
these cancers (80). 

 SUMMARY 

 The decision to perform en bloc resections and extended 
lymphadenectomies for esophageal cancer remains highly 
controversial, with no existing high prospective random-
ized trials to guide defi nitive recommendations regard-
ing this issue. However, the preponderance of evidence 
suggests a true survival benefi t and improved rates of 
locoregional control with en bloc infracarinal resections, 
especially for cancers of the middle and lower esophagus 
(81). Given these data, it is reasonable to recommend en 
bloc resections with 2-fi eld lymphadenectomies in those 
patients with stages I to III esophageal carcinomas, good 
performance status, and no prohibitive comorbidities 
and at a center of excellence with experience performing 
these operations on a regular basis (82). The benefi t of 
3-fi eld lymphadenectomy is still undefi ned. A decision 
to perform such an extended resection must consider 
substantial rates of signifi cant perioperative morbidity 
with unclear improvements in survival or locoregional 
control. 



588 V • THERAPY

 SUGGESTED READINGS 

 Altorki NK. Lymph node dissection for carcinoma of the esophagus. In: Ferguson MK, editor. 
Diffi cult decisions in thoracic surgery: an evidence-based approach. 1st ed. London: 
Springer; 2007:225–233. 
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  71  Surgery Techniques: 
En Bloc Esophagectomy 

 Paul C. Lee
Nasser K. Altorki 

he prognosis of esophageal cancer 
remains dismal despite improve-
ments in perioperative care, surgi-
cal techniques, chemotherapy, and 
radiotherapy over the last decade. 

More than 95% of patients will succumb to their dis-
ease following a diagnosis of esophageal cancer in the 
United States. Even with a curative resection (R0 resec-
tion), the 5-year survival of patients after transthoracic 
esophagectomy or transhiatal esophagectomy rarely ex-
ceeds 30% (1–4). The primary argument for the poor 
survival is the fact that the majority of patients develop 
metastatic disease following surgical resection, suggest-
ing that the disease may already have disseminated at 
the time of diagnosis. While undoubtedly this is the case 
in most patients, a careful analysis of the patterns of fail-
ure following surgical resection also suggests inadequate 
locoregional control. After conventional surgical resec-
tion, the locoregional failure rates range from 30% to as 
high as 60% (5–8). Addition of preoperative chemother-
apy and/or radiotherapy did not meaningfully reduce the 
high locoregional failure rate. Without adequate locore-
gional control, it is unlikely that a meaningful improve-
ment in the survival of patients with esophageal cancer 
can be achieved. 

 Logan in 1963 fi rst described en bloc resection 
for tumor of the lower esophagus and cardia (9). The 
reported 5-year survival was unparalleled at the time 

but at the cost of a high operative mortality. Skinner in 
1979 revisited the en bloc approach and extended its 
use to tumors of the middle and proximal esophagus 
(10). A few years earlier, Orringer and Sloan had pub-
lished their surgical technique on the transhiatal ap-
proach for esophagectomy without thoracotomy (11). 
The effi cacy of radical en bloc esophagectomy remains 
controversial up to the present time, with the major-
ity of surgeons favoring conventional techniques of 
esophageal resection through either a transthoracic or a 
transhiatal approach. However, we and others continue 
to advocate radical en bloc esophageal resection as the 
procedure of choice to maximize locoregional control 
and improve long-term survival in patients with esoph-
ageal carcinoma. At our institution, en bloc esopha-
gectomy is offered to nearly all patients who have no 
evidence of distant metastases and no compelling medi-
cal contraindications. 

 The basic en bloc resection concept is removal of 
the tumor-bearing esophagus within a wide envelop of 
surrounding tissues. For tumors of the middle or lower 
thoracic esophagus, in addition to the tumor-bearing 
esophagus, the en bloc specimen would include both 
pleural surfaces laterally, the pericardium anteriorly, 
as well as the thoracic duct, and all lympho-areolar 
tissue wedged posteriorly between the esophagus and 
the spine. The associated lymphadenectomy includes 
en bloc resection of all nodal groups in the middle 

 T
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and lower mediastinum in addition to the upper abdo-
men. For selected patients, the lymphadenectomy is ex-
tended to include the superior mediastinal and cervical 
lymph nodes, also known as 3-fi eld lymphadenectomy. 
Japanese surgeons fi rst introduced the 3-fi eld concept, 
prompted by the observation that up to 40% of patients 
resected by radical 2-fi eld esophagectomy developed 
isolated recurrences in the cervical nodes (12). Isono 
and colleagues reported in 1991 the results of 3-fi eld 
lymph node dissection and found that occult cervical 
node metastases occurred in one-third of patients (13). 
Even for lower-third tumors, 20% of patients harbored 
cervical metastases. Most Western surgeons have been 
reluctant to adopt the 3-fi eld dissection technique. This 
is mostly due to skepticism that long-term survival can 
be achieved once nodal disease is present. A second res-
ervation is the reported high morbidity associated with 
the operation, particularly injury to one or both recur-
rent laryngeal nerves reported in as many as 50% of 
patients (14,15). 

 PREOPERATIVE EVALUATION 

 Preoperative assessment is directed toward establishing 
the accurate clinical TNM stage of the disease, as well 
as assessing the patient’s ability to tolerate the planned 
operation. Standard diagnostic and staging work-up 
includes an upper endoscopy with biopsy and a com-
puted tomography (CT) of the chest and upper abdo-
men to evaluate the locoregional extent of the disease 
and exclude distant metastases. Most patients will also 
undergo endoscopic ultrasonography (EUS) as well as 
positron-emission tomography (PET). EUS is more ac-
curate than CT in determining T and N factors, and 
is useful in selecting patients for clinical trials of pre-
operative induction therapy. PET is a generally more 
sensitive test for detection of distant visceral and skel-
etal metastases. Generally, patients are considered for 
surgical resection if preoperative evaluation revealed 
no evidence of distant metastases or clear evidence of 
direct tumor invasion of the airway or major vascular 
structures. The presence of extensive nodal disease is 
not considered a contraindication to resection unless it 
clearly extends beyond the proposed fi elds of dissection. 
Finally, all patients undergo detailed evaluation of pul-
monary and cardiac function to determine their ability 
to withstand the planned procedure. Generally, patients 
with an FEV 1  less than 1.5 liters per second despite 
aggressive physiotherapy and optimal bronchodilator 
therapy are considered ineligible for en bloc resections. 
Cardiac disease, if suspected, is carefully assessed using 
either noninvasive stress testing or angiocardiography, 
if necessary. 

 OPERATIVE TECHNIQUE 

 The basic technical principle underlying the en bloc 
esophagectomy is resection of the tumor-bearing esoph-
agus with a wide envelope of periesophageal tissue, 
which includes both pleural surfaces laterally, a patch 
of pericardium anteriorly, lymphovascular tissue and 
the thoracic duct posteriorly, along with the mediastinal 
lymph nodes from the tracheal bifurcation to the hiatus. 
An upper abdominal lymphadenectomy is performed 
that includes the common hepatic, celiac, left gastric, 
parahiatal, lesser curvature, and retroperitoneal lymph 
nodes (Figure 71.1). A third-fi eld lymphadenectomy can 
be incorporated by extending the nodal dissection to in-
clude the superior mediastinal and cervical lymph nodes 
(Figure 71.2). En bloc esophagectomy is almost always 
carried out through 3 incisions: a right thoracotomy fol-
lowed by a laparotomy and collar neck incision. 

FIGURE 71.1

Mediastinal and upper abdominal lymph node fields in the 
en bloc resection. Shields et al. General Thoracic Surgery 
vol 2, Philadelphia: Lippincott Williams & Wilkins; 2005. 
Figure 131–21. With permission.
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 The Thorax 

 A right fi fth interspace thoracotomy is performed regard-
less of the location of the tumor within the esophagus, 
removing a 1 cm segment of sixth rib posteriorly. The 
initial fi eld of dissection comprises the middle and lower 
mediastinum and is bounded superiorly by the tracheal 
bifurcation, inferiorly by the esophageal hiatus, anteri-
orly by the hilum of the lung and pericardium, and pos-
teriorly by the descending thoracic aorta and the spine. 
The en bloc resection begins by incising the mediastinal 
pleura over the anterior aspect of the azygous vein from 
the level of the azygous arch superiorly to the aortic hia-
tus inferiorly. The dissection proceeds medially anterior 
to the aorta and across the mediastinum to the opposite 
pleura, which is entered along the entire length of the 
incision. The thoracic duct is thus mobilized anteriorly 
toward the specimen (Figure 71.3). All lymphatic chan-
nels are clipped or ligated between the thoracic duct and 
the spine to minimize the occurrence of a chylothorax. 

At the caudal end of the dissection, the thoracic duct is 
ligated and divided as it enters the mediastinum through 
the aortic hiatus of the diaphragm. Superiorly, the tho-
racic duct is ligated and divided as it crosses to the left 
side of the mediastinum at the level of the aortic arch. 
In the superior mediastinum, the pleura is incised ante-
riorly along the tracheoesophageal groove. The esopha-
gus is separated from the membranous trachea from the 
thoracic inlet to the carina. The arch of the azygous vein, 
but not its main trunk, is resected en bloc with the speci-
men. The anterior dissection is commenced by division 
of the azygous vein fl ushed with the superior vena cava. 
The dissection is carried along the right main bronchus 
and the posterior aspect of the hilum of the right lung. 
The hilar and subcarinal nodes are cleared en bloc with 
the specimen (Figure 71.4). A patch of pericardium is 
resected en bloc with the tumor-bearing esophagus for 
all but submucosal tumors (T 1 ) of the middle and lower 
thirds of the esophagus. Division of both left and right 
inferior pulmonary ligaments completes the  esophageal 

FIGURE 71.2

Recurrent and deep cervical nodal fields in the three-field lymphadenectomy. Shields et al. General Thoracic Surgery vol 2. 
Philadelphia: Lippincott Williams & Wilkins; 2005. Figure 131–20. With permission.
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FIGURE 71.3

View from a right thoracotomy. The specimen including the thoracic duct is mobilized medially anterior to the aorta and across 
the mediastinum to the opposite pleura.

mobilization. For tumors traversing the hiatus, a 1-inch 
cuff of diaphragm is circumferentially excised en bloc 
with the specimen. The completed dissection clears 
all nodal tissue in the middle and lower mediastinum, 
which contains the right and left paraesophageal, para-
hiatal, para-aortic, subcarinal, bilateral hilar, and aorto-
pulmonary lymph nodes. 

 When a 3-fi eld lymphadenectomy is incorporated 
with the en bloc esophagectomy, dissection of the “third-
fi eld” begins during the thoracic portion of the procedure 
and is later completed through a collar neck incision. 
Dissection of the superior mediastinal nodes includes the 
nodes along the right and left recurrent laryngeal nerves 
throughout their mediastinal course. The left recurrent 
nerve is exposed from the level of the aortic arch to the 
thoracic inlet, thereby allowing a left paratracheal node 
dissection. The nodes along the anterior aspect of the left 
recurrent nerve are carefully excised using a “no-touch” 
technique. The right recurrent nerve is carefully exposed 
near its origin at the base of the right subclavian artery. 

A good method for locating the right recurrent nerve is 
to follow the right vagus nerve from its divided end. The 
right recurrent nodal chain starts at that level and forms a 
continuous package extending through the thoracic inlet 
to the neck. Again, the right recurrent nerve is dissected 
using a strict no-touch technique. Through the cervical 
incision, the remainder of the recurrent nodes are dis-
sected, as are the lower deep cervical nodes located poste-
rior and lateral to the carotid sheath. Thus the third-fi eld 
includes a continuous chain of nodes that extends from 
the superior mediastinum to the lower neck. 

 The Abdomen 

 The patient is repositioned supine for the next stage 
of the operation. The abdomen is entered through an 
upper mid-line incision. The omentum is separated 
from the colon in the avascular plane. The lesser sac 
is entered and the short gastric vessels are divided. 
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The  retroperitoneum is incised along the superior border 
of the pancreas. The retroperitoneal lymphatic and areo-
lar tissues are swept superiorly toward the esophageal 
hiatus and medially along the splenic artery to the celiac 
trifurcation. The nodes along the common hepatic artery 
are dissected toward the specimen and the left gastric 
artery is divided fl ush with its celiac origin. The bound-
aries of the retroperitoneal dissection are the dissected 
esophageal hiatus superiorly, the hilum of the spleen lat-
erally, and the common hepatic artery and inferior vena 
cava medially (Figure 71.5). Finally, the lesser curvature 
of the stomach and left gastric nodes are included with 
the specimen as the gastric tube is fashioned. The omen-
tum is resected as a separate specimen at least several 
centimeters outside the gastroepiploic arcade. 

 The Neck 

 A generous low-collar incision is performed and sub-
platysmal fl aps are raised inferiorly and superiorly. The 

strap muscles are divided. The esophagus, which has 
been previously fully mobilized from the thorax, is re-
trieved from the prevertebral space. The esophagus is di-
vided distally, and the specimen is delivered through the 
hiatus into the abdomen. The previously dissected recur-
rent nerves are easy to visualize and any residual nodal 
tissue is excised. When a 3-fi eld lymphadenectomy is 
incorporated into the en bloc resection, the nodes poste-
rior and lateral to the carotid sheath are removed along 
with the supraclavicular nodes, particularly for tumors 
of the middle and upper thirds of the esophagus. The 
dissection is bounded superiorly by the inferior belly 
of the omohyoid. Within the abdomen the specimen is 
transected distally to include the third or fourth branch 
of the left gastric artery. The gastric tube is prepared 
and the specimen is removed (Figure 71.6). The gastric 
tube is advanced through the posterior mediastinum to 
the neck. Gastrointestinal continuity is restored by a 
cervical esophagogastrostomy, which is performed as a 
single-layer running anastomosis with a monofi lament 

FIGURE 71.4

The en bloc specimen is completely mobilized, revealing the left lung, the carina, and the pericardium.
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absorbable suture or, more recently, employing a hybrid 
technique using a linear stapling device for the back 
wall and a continuous monofi lament suture for the front 
wall. The gastric tube is secured to the hiatus and a feed-
ing jejunostomy tube is placed for early postoperative 
enteral feeding. 

 Postoperative Care 

 In the past, all patients undergoing en bloc esopha-
gectomy were cared for in an intensive care unit for 
24 hours for fl uid management and mechanical venti-
lation. Currently, with improved epidural pain control 
and aggressive pulmonary physiotherapy, patients who 
undergo a 2-fi eld en bloc resection are extubated in the 
operating room. Patients who undergo a 3-fi eld en bloc 
resection often require 24 hours of mechanical ventila-
tion. Intense pulmonary hygiene is required, often with 
frequent bronchoscopies for the fi rst 48 hours after 
extubation, since some patients have variable degrees 
of bronchorrhea. The bronchorrhea generally resolves 
on the third or fourth postoperative day. Patients often 
demonstrate signifi cant sequestration of extracellu-
lar fl uid and lymph postoperatively as a result of the 

 removal of the thoracic duct and mediastinal lymphat-
ics. Aggressive fl uid replacement is necessary during the 
fi rst 48 hours after surgery. Spontaneous diuresis usu-
ally occurs by the third postoperative day. Aggressive 
physical therapy is critical in getting patients out of bed 
and ambulating. Enteral jejunostomy feeding is com-
menced by the fourth or fi fth postoperative days. Chest 
tubes are removed when drainage is less than 250 ml 
per day. Oral intake is begun once anastomotic integrity 
is confi rmed by a barium study on the fi fth postopera-
tive day. Patients are discharged by the seventh or eighth 
postoperative day; they eat a regular diet but often re-
quire supplemental jejunostomy feeding at night. The 
jejunostomy tube is usually removed 4 weeks following 
hospital discharge if the usual postoperative anorexia 
resolves and oral intake is considered adequate. 

 RESULTS 

 In 2001, we reported a 10-year series of 111 patients 
who underwent en bloc esophagectomy with either a 
2-fi eld or 3-fi eld dissection (16). The overall hospital 
mortality was 5.4%, which is similar to the mortality 
rates reported for conventional esophagectomy. Com-
plications occurred in 54 patients and were considered 
minor in 11 and major in 43 (including 6 postopera-
tive deaths) (38.7%) (Table 71.1).The most common 
 morbidity was pulmonary related. Anastomotic leaks 
occurred in 13% of patients, and all healed with simple 
drainage. Since the introduction of the hybrid anasto-
motic technique, the anastomotic leak rate is about 5%. 

FIGURE 71.5

Illustration of en bloc dissection in the abdomen. Shields 
et al. General Thoracic Surgery vol 2. Philadelphia: Lippin-
cott Williams & Wilkins; 2005. With permission.

FIGURE 71.6

The en bloc specimen; note that the esophageal tumor is 
not seen, since it is resected within a wide envelope of ad-
jacent tissues. Shields et al. General Thoracic Surgery vol 2. 
Philadelphia: Lippincott Williams & Wilkins; 2005. With 
permission.
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Recurrent nerve injuries occurred in only 4 patients and 
were unilateral in all. None required tracheostomy as a 
result of recurrent nerve injury. 

 Overall 5-year survival for all patients was 40%, 
with a median survival of 38 months (Figure 71.7). 
Node-negative patients had a signifi cantly improved 
5-year survival of 75% compared to 26% in node- positive 
patients. More impressively, the 5-year survival for stage 
III patients was 39%, compared to 11% after conven-
tional transthoracic esophagectomy as we and others 
have previously reported (17). This is especially impor-
tant since most of the patients presenting with esophageal 

TABLE 71.1
Surgical Complications

Leak 15 (13.5%)

 Anastomotic 10 (9%)

 Gastric tip necrosis 5 (4.5%)

Pulmonary 30 (27%)

 Reintubation 17

 Tracheostomy 10

 Lobar collapse 9

 Pneumonia 8

Cardiac 11 (11.7%)

 Myocardial infarction 1

 Supraventricular arrhythmia 10

 Pericarditis 2

Infectious complications 11 (10%)

 Wound 2

 Abscess 1

 Urinary tract infection 1

 Empyema 8*

Chylothorax 2

Recurrent nerve injury 4

 (unilateral)

Other 11 (10%)

 Splenectomy 1

 Renal failure 1

 Stroke 1

 Pulmonary embolism 2

 Delirium tremens 5

 Peritonitis 1

*Including 6 patients with anastomotic leaks.
Altorki NK, Skinner D. Should en bloc esophagectomy be 
the standard of care for esophageal carcinoma? Ann Surg. 
2001;234(5):581–587. With permission.

cancer already have stage III disease at presentation. An 
interesting observation is that for stage IV patients, 5-year 
survival was 27%. Survival was also signifi cantly better 
in patients with locoregional N1 nodal metastases com-
pared with distant M1a nodal metastases (31% vs. 21%, 
 P  = 0.03). Overall local recurrence rate was 8%, compar-
ing favorably with the 31% to 45% of local recurrence 
reported after conventional esophagectomy. 

 More recently, Lerut et al. reported their results in 
a cohort of 174 patients with esophageal cancer treated 
by en bloc esophagectomy with 3-fi eld lymphadenec-
tomy (18). Hospital mortality was 1.2% and morbidity 
was 58%. Overall 3- and 5-year survival was 51% and 
41.9%, with disease-free survival of 51.4% and 46.3%. 
The local recurrence rate was impressively low at 5.2%. 
The 5-year survival for node-negative patients was 
80.2% compared to 24.5% for node-positive patients. 
The prevalence of metastatic disease to the cervical 
nodes was high, 23% for adenocarcinoma and 25% for 
squamous cell carcinoma. The 5-year survival in patients 
with positive cervical nodes in middle third carcinomas 
as 27.2%. This led the author to suggest that these nodes 
should be considered as regional (N1) rather than dis-
tant metastasis (M1b) in middle third carcinomas. 

 Finally, a randomized trial comparing transthoracic 
en bloc esophagectomy to transhiatal resection was pub-
lished by Hulscher in 2002 (19). The difference in survival 
between the 2 groups was not statistically signifi cant, but 
there was a trend toward a survival benefi t with en bloc 
resection at 5 years. The overall and  disease-free 5-year 
survival rates in the en bloc group were 39% and 39%, 

FIGURE 71.7

Overall survival for patients following en bloc esophagectomy.
Altorki NK, Skinner D: Should en bloc esophagectomy be 
the standard of care for esophageal carcinoma? Ann Surg. 
234:581–587, 2001. With permission.
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compared with 29% and 27% in the transhiatal group. 
Transthoracic en bloc esophagectomy was associated with 
higher morbidity than transhiatal esophagectomy, consis-
tent with the increased complexity of the resection. 

 SUMMARY 

 En bloc esophagectomy can be performed with similar 
operative mortality compared to conventional trans-

thoracic or transhiatal esophagectomy. It provides the 
widest surgical margins and the most thorough staging 
information through the incorporation of a 2- or 3-
fi eld lymphadenectomy. Locoregional recurrence rates 
are substantially lower compared to conventional 
esophagectomy. The superior 5-year survival rate re-
ported suggests that en bloc resection with extended 
lymphadenectomy does appear to have a  favorable 
impact on survival, especially in patients with nodal 
metastases. 
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  72  

Surgery Techniques: 
Left Transthoracic 
and Thoracoabdominal 
Esophagectomy 

he presentation of esophageal can-
cer continues to evolve.  Histori cally, 
it was most commonly a tumor of 
the upper to mid-esophagus of squa-
mous cell origin. There has been a 

gradual epidemiologic shift associated with an increase 
of adenocarcinoma predominately involving the lower 
esophagus and gastroesophageal junction. Statistics from 
Surveillance, Epidemiology and End Results Program 
(SEER) note 54.0% adenocarcinoma, 38.8% squamous 
cell carcinoma, and 7.2% other histologic types among 
confi rmed 2001–2004 cases (1). In spite of a continu-
ing evolution in resective technique and multimodality 
therapy, the incidence and mortality rates of esophageal 
cancer in the United States remain remarkably similar, 
with an estimated 15,560 new cases and 13,940 deaths 
in 2007 (2). 

 The ultimate goal of therapy is the immediate relief 
of symptoms while providing the best opportunity to 
cure cancer and maintain the highest possible quality of 
life. Several treatment options are available. No one op-
erative approach can be considered globally superior to 
the others in all situations. Selecting the right operation 
for the right patient involves many factors. The major 
variables that govern the selection of the best surgical 
approach include location of the tumor, extent of the dis-
ease, surgeon experience, and patient’s physiologic sta-
tus. Esophagogastrectomy by the left thoracoabdominal 

approach (LTA) offers many advantages (see summary 
below) and is the ideal approach for many patients, par-
ticularly those presenting with distal esophageal adeno-
carcinoma. It would not be considered an appropriate 
approach for some middle esophageal and most upper 
esophageal tumors, particularly those clinically staged 
at T3 or T4. 

 Some details of LTA’s rich history have been 
 obscured by time, but the broad pattern remains dis-
cernible. The initial report of the application of a left 
thoracoabdominal incision came from Tiegel and Wen-
del in Germany in 1909 (3). The fi rst esophagectomy for 
cancer through the left chest was performed by Dr. Franz 
Tork in the United States in 1913 (4). Specifi c reports 
of LTA being applied for esophageal resection appear 
in the 1930s with Adams and Phemister (5) and in the 
1940s from Sweet and Garlock (4). The operation was 
further popularized in North America for tumors of the 
esophagogastric junction by Dr. F. H. Ellis at the Lahey 
Clinic (3). More recently, LTA has been more frequently 
utilized in Europe, especially in the United Kingdom. 
There continues to be a misconception on the part of 
some surgeons that the approach limits the extent of the 
proximal resection and the surgeons’ options for posi-
tioning the anastomosis high in the chest or neck due to 
the position of the aortic arch. The technical description 
in this chapter will demonstrate that these perceptions 
are incorrect. 

 T

 Donald Edward Low
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 ADVANTAGES OF LTA 

 Completeness of resection remains the main determinant 
of outcome. Extirpation of the entire thoracic esopha-
gus is possible with LTA with the addition of a cervical 
incision. With appropriate technique, nearly the entire 
length of the esophagus can be mobilized and removed 
under direct vision. Additionally, LTA provides excel-
lent exposure of the upper abdomen and is thus ideal 
for resection of adenocarcinoma or other tumors of the 
esophagogastric junction, cardia, or fundus. Some of the 
advantages of LTA are summarized below. 

 1.  Unparalleled exposure is provided for resection of 
proximal gastric to distal thoracic esophageal lesions 
and for accomplishing a “complete” abdominal and 
thoracic lymph node dissection. 

 2.  The thoracotomy is accomplished through the cos-
tal margin, which allows the chest to be opened like 
a book rather than spreading ribs against 2 fi xed 
points, as with a standard thoracotomy. This results 
in less immediate and long-term postoperative pain. 

 3.  The entire incision is located in 1 or 2 dermatomes, 
typically T7 or T8, making postoperative analgesia 
straightforward with a thoracic epidural. 

 4.  Mobilization of the stomach (or other conduit) and 
the esophagus are performed synchronously through 
the same incision. The location of the anastomosis 
can easily be tailored in response to intraoperative 
fi ndings, including resection margins to any level be-
tween the inferior pulmonary vein and the neck. 

 5.  Conduit selection can be diversifi ed easily to include 
the whole stomach, a narrow gastric tube, or a seg-
ment of colon or pedicled jejunum. 

 6.  The entire abdominal and thoracic dissection is done 
under direct vision, which is particularly important 
when mobilizing a reoperative or scarred esophagus. 

 7.  The mobilization of the cervical esophagus from the 
chest decreases the risk of recurrent nerve damage 
during a cervical anastomosis. 

 8.  It provides excellent exposure of the thoracic esopha-
gus and surrounding structures, including pericar-
dium, aorta, left main bronchus, thoracic duct, and 
diaphragm. Dissection is accomplished under direct 
vision to minimize blood loss and to avoid inadver-
tent injury to surrounding structures. Direct vision 
also facilitates en bloc dissection in the case of T4 
disease in the mid and lower thorax. 

 PERIOPERATIVE STANDARDIZED 
CLINICAL PATHWAYS 

 A program incorporating standardized clinical path-
ways designed around set goals signifi cantly improves 

outcomes (6–8). A standardized clinical pathway orga-
nizes the approach to care and allows for continued im-
provement over time (see Table 72.1). Prior to surgery, it 
ensures information is collected or obtained, organized, 
and communicated within the medical team in an effi -
cient manner. The pathway also provides clear expecta-
tions for the patient and their family. These expectations 
provide a framework around which they can better un-
derstand, plan, and organize for the time immediately 
around the operation, subsequent hospitalization, and 
recovery period. For many this reduces anxiety and im-
proves cooperation. It provides milestones of recovery 
that may act as motivators. Specifi c improvements have 
previously been documented in the timing of initiation 
of early mobilization, nutrition, and discharge (8). Goals 
within the pathway can be updated over time as the man-
agement team gains experience and results improve. 

 LEFT THORACOABDOMINAL 
 ESOPHAGECTOMY: TECHNICAL 

DESCRIPTION 

 Preoperative 

 Preoperative preparation includes a standard bowel 
preparation. Preoperative antibiotics are administered 
and a thoracic epidural is placed for pain control in 
the holding area or on entry into the operating room. 
Once in the operating room an arterial line and other 
appropriate monitoring are established. Below-the-knee 
sequential compression stockings are placed, and intuba-
tion with double lumen endotracheal tube is achieved. 

 Positioning/Setup 

 Setup includes standard thoracotomy and laparotomy 
trays, including a Balfour. Additionally, a reticulating 
arm retractor system such as Emdec Arm or Martin Arm 
(Gebrüder Martin GmbH & Co., Tuttlingen, Germany) 
facilitates exposure. An operative table capable of fl ex-
ing with 2 rolled bolsters, an axillary roll, and an arm 
rest or sling facilitates positioning. 

 Positioning for the LTA is in a modifi ed right lateral 
decubitus, as seen in Figures 72.1 and 72.2. The patient 
is positioned at approximately 70 degrees away from the 
vertical obliquely between the right lateral decubitus and 
supine position. The operative table is adjusted to pro-
vide for a mildly fl exed position to open the rib spaces. 
The left arm is supported on a sling device. The patient 
is held in position by anterior and posterior rolled bol-
sters placed to center the left subcostal area for maximal 
exposure of the chest and abdomen. Positioning is aided 
by a combination of tape and a warming blanket placed 
across the hips, as seen in Figure 72.2. 
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anterior sheath of the rectus abdominus muscle and the 
external oblique are incised. The posterior sheath of 
the rectus is divided to provide access for evaluation 
for unresectable disease within the abdomen. 

 Inspection is performed for peritoneal implants, 
metastasis to the liver or omentum, and the extent of the 
abdominal component of the tumor (see Figure 72.4). 
The tumor is evaluated for locoregional invasion, which 
may preclude resection due to involvement of surround-
ing vital structures. Biopsies are taken as indicated. 

 Performing this initial evaluation allows the patient 
with unresectable disease to avoid a thoracotomy. If this 
occurs, a feeding gastrostomy or jejunostomy can be 
placed through this incision when appropriate. 

 •  Initial contact (referral): 
  •   Interview patient within 48 hours of referral  
  •  Verbal review (telephone interview) 

   •  PMH 
   •  Current symptoms → e.g., swallowing/wt loss 
   •  Current investigations 
   •  Travel arrangements 
   •  Initial description of surgery/VM 

  •  Patient appointment made with respect to patient/
referring physician wishes, patient symptoms/status, 
patient availability 

•   Prior to VM appointment 
  •  Arrangements for previous notes, investigations, 

films, path sent or brought to VM 
  •  Arrange patient-tailored schedule, which is 

forwarded to patient 
•   Initial encounter (completes within 2–3 working days) 

  •  Consultations 
   •  Thoracic surgery 
   •  Medical oncology 
   •  Radiation oncology 
   •  Cardiology (>50 y.o. (risk factors)) 

  •  Path review 
 •   Investigations 

   •  Contrast CT 
   •  PET/CT 
   •  EGD/EGD US – attended by surgeon 

  •   Presentation at thoracic tumor board  (next con-
ference following initial appointment) 

  •  Patient contacted with recommendations day follow-
ing tumor board – reports sent to referring MD 

•   Pre-op arrangements 
  •  Initiate chemotherapy or chemoradiotherapy 
  •  Referral for neoadjuvant therapy 

  •  Reassessment following completion of neoadjuvant 
therapy 

   •  CT scan 
   •  EGD US 

  •  Reassessment done 2–4 weeks prior to operative date 
  •   Individualized operative approach according to  

   •  Tumor/Barrett’s characteristics 
   •  Patient physiology 
   •  Previous surgery 

•   Surgery 
  •  Thoracic epidural placed preoperatively 
  •  Minimize blood loss/transfusions 
  •   Conservative intraoperative fluid administration  
  •   Immediate extubation  
  •   Post-op anesthesia—PCEA  
  •  Admit to ICU 

 •  Post-op 
  •  Patient sits up and dangles evening of surgery 
  •   Patient walks in hall morning POD #1  
  •  Discharge from ICU 12–18 hours post-op 
  •  Walks the ward 3–4 × each day ± physical therapy 

consult 
  •  Chest tube 1 removed day 2 
  •  Chest tube 2 removed day 3, 4 or 5 
  •  Jejunostomy tube nutrition initiated day 3 
  •  Gastrografin/barium swallow day 4 or 5 
  •  NG tube removed day 5 or 6 
  •  Switch to oral/J-tube analgesics day 5 or 6 
  •  Dietary/home health consult day 5 or 6 
  •  Discharge day 7 or 8 
  •  Represent at next available tumor board following 

completion of path results 
  •  Review recommendations with patient within 24 hours 
  •  Forward recommendations to referring (outside MDs) 

TABLE 72.1 
Esophageal Resection Standardized Clinic Pathway

 Additional padding is placed as needed to main-
tain positioning and for protection against pressure 
injury. The thoracic epidural catheter is protected by 
adhesive drape. A secure and safe position is assured 
by each member of the operating team prior to skin 
preparation. 

 Assessing Local Resectability in the Abdomen 

 The initial incision is made from the abdominal midline 
at midpoint between the umbilicus and xiphoid to the 
left costal margin (see Figure 72.3). The skin and subcu-
taneous tissues are opened to the level of the fascia. The 
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 Assessing Local Resectability in the Chest 

 If resectable disease is found, the incision is extended 
over the left chest. The incision should follow a gener-
ally straight line as a continuation of the initial incision 
to a point just posterior to the tip of the scapula. The 
skin and subcutaneous tissue are opened to the level of 
the fascia. The latissimus dorsi muscle is divided. The 
serratus anterior is divided posteriorly and detached 
from its rib insertions anteriorly (see Figure 72.5). 

 Entry into the chest is generally through the highest 
intercostal space where the costal margin remains nar-
row. The exact intercostal space that will provide the 
best exposure to thoracic esophagus as well as the upper 
abdomen is dependent on the particular patient’s body 
habitus. This optimal space becomes apparent with pal-
pation through the diaphragm from the abdomen. In 
most younger patients, the costal margin can be divided 

with scalpel, as seen in Figure 72.6. When it is calcifi ed, 
rib cutting shears are required. This type of thoracotomy 
is much better tolerated as it opens the chest like a book 
rather than spreading the ribs against 2 fi xed points. The 
diaphragm is opened radially for 8 to 12 cm dependent 
on the patient’s body habitus, with care to avoid injury 
to the branches of the phrenic nerve in the area of the 
central tendon. See Figure 72.7.  

 With the diaphragm open, a Balfour retractor is 
placed with the blades on the chest wall and an upper 
hand retractor placed under the rib cage superiorly to 
provide better access to the upper chest. See Figure 72.8. 
The operative table can be rotated to the left or right to 
optimize exposure of the chest or abdomen. 

 The left lung is retracted anteriorly. The inferior 
pulmonary ligament is mobilized up to the level of the in-
ferior pulmonary vein. The mediastinal pleura is  divided 

FIGURE 72.2

Posterior view of patient positioning.

FIGURE 72.1

Anterior view of patient positioning.

FIGURE 72.3

Initial abdominal incision.

FIGURE 72.4

Initial abdominal access and assessment. Head (H) Feet (F).
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laterally along the aorta and lateral to the esophagus. 
The periesophageal tissue, including all lymph nodes, is 
mobilized by careful dissection of the entire posterior 
aspect of the pericardium and inferior mediastinum. See 
Figure 72.9. This tissue is left attached to the esophagus, 
which is encircled initially manually, and then with a 
Penrose drain. Direct extension of the cancer into the 
pericardium, diaphragm, lung, or thoracic duct can be 
dealt with by en bloc resection where appropriate. The 
right pleura is resected if it comes into direct contact 
with the tumor. 

 Dissection is then continued superiorly, mobi-
lizing the esophagus from attachments and taking 
all lymphatics and associated lymph nodes from the 
posterior mediastinal space. Feeding vessels from the 
aorta are identifi ed individually and secured with cau-
tery, clips, or a harmonic scalpel under direct vision. 
See Figure 72.10. 

 Great care is exercised to ensure continuity of the 
specimen. See Figure 72.11. Any nodes not encompassed 
in the specimen are removed and labeled as to origin at 
the time of removal to ensure proper tissue handling. 
The subcarinal lymph node packet can typically be 
taken en bloc. The anterior and posterior vagus nerves 
are identifi ed and left intact at this stage. The esopha-
gus is subsequently mobilized circumferentially from the 
hiatus. The specimen is thus mobilized from the perito-
neal refl ection to the inferior aspect of the aortic arch. 
See Figure 72.12. 

 Mobilizing the Stomach 

 Attention is then directed to the abdomen. During this 
period, the left lung can be re-expanded. Exposure is 

FIGURE 72.5

Initiation of chest incision.

FIGURE 72.6

Costal margin is incised sharply.

FIGURE 72.7

After opening the costal margin, the diaphragm is incised.

FIGURE 72.8

Placement of retractors to provide simultaneous access to 
the chest and abdomen.
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 facilitated by repositioning the Balfour retractor with the 
blades at the costal margin. The upper hand retractor is 
placed under the diaphragm to retract superiorly and lat-
erally. This provides excellent exposure of the esophageal 
hiatus and left upper quadrant. See Figure 72.13. 

 The gastrohepatic ligament is divided with the left 
lobe liver retracted separately. See Figure 72.14. Dissec-
tion is continued up over the anterior aspect of the hia-
tus. The right and left crus are dissected free. See Figure 
72.15. The hiatus is mobilized circumferentially. Once 
the peritoneum is taken down, the dissection in the chest 
has usually facilitated easy encircling of the esophagus. 
The distal esophagus is encircled with a Penrose drain. 
See Figure 72.16. The left thoracoabdominal incision 
provides excellent exposure to the short gastric vessels. 
These vessels are taken down with a harmonic scalpel. 
See Figure 72.17. 

 The right gastroepiploic vessels are identifi ed early 
and the course clearly determined. At all times dissection 

is carried out 1 to 2 cm away from the right gastroepiploic 
vessels. The watershed area of the right and left gastroepi-
ploic vessels is carefully inspected for communicating ves-
sels which are preserved if present. The greater curvature 
is mobilized down to the pylorus. See Figure 72.18. 

 A Kocher maneuver is carried out to mobilize the 
pylorus up to the level of the esophageal hiatus. The 
patency and quality of the pylorus is evaluated for 
the need for pyloroplasty. See Figure 72.19. In the ab-
sence of prior surgery or infl ammatory change, this is 
seldom required in our experience. 

 With the greater curve mobilized and Kocher ma-
neuver complete, the left gastric pedicle is approached 
posteriorly. The stomach is elevated, and any remain-
ing retrogastric adhesions are taken down. The stomach 
is then drawn out of the abdominal cavity (see Figure 
72.20), and the entire fatty and lymphatic mass around 
the lesser curve and upper pancreatic area and supra-
celiac region is dissected en bloc. 

FIGURE 72.9

Exposure of the lower left chest cavity and distal esophagus.

FIGURE 72.10

Exposure of the esophagus below the aortic arch.
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 Careful dissection is carried out to positively defi ne 
the left gastric artery and vein. The left gastric artery 
is mobilized to its origin at the celiac axis. See Figure 
72.21. All associated supra-celiac artery and suprapan-
creatic nodes are dissected free. The left gastric artery is 
suture ligated with 3–0 silk.  

 A feeding jejunostomy tube is then placed approxi-
mately 40 cm from the ligament of Trietz. 

 Return to the Chest 

 Attention then returns to the chest. Dissection in the peri-
esophageal planes is carried up to a point just inferior 
to the aortic arch. Anterior and posterior vagus nerves 
are divided between clips. If the conduit’s length is in-
adequate to reach the neck due to the planned extent of 
the gastric resection, an anastomosis can be done below 
the level of the aortic arch. See section on Intrathoracic 

Anastomosis. Dissection continues in the periesophageal 
plane underneath the aorta, mobilizing additional peri-
esophageal lymph nodes. See Figure 72.22. This is the 
only part of the dissection that is done without direct 
visualization.  

 Once mobilization is completed under the arch, a 
window through the pleura over the esophagus is made 
above the aortic arch and to the left of the left subcla-
vian artery. The window is initially opened with a small 
incision of the pleura on top of the dissecting fi nger then 
dilated with the surgeon’s fi ngers. See Figure 72.23. 
Through this window, the dissection is continued in the 
periesophageal planes up into the base of the neck.    

 After dissection is completed, the esophagus can be 
brought out through this window above the aortic arch. 
See Figure 72.24.  

 Once circumferential mobilization of the esophagus 
is complete, the nasogastric tube is pulled back into the 
supra-aortic esophagus and secured with a  transfi xing 

FIGURE 72.11

Mid-esophageal dissection including subcarinal nodes.

FIGURE 72.12

Mobilization of esophagus at the diaphragmatic hiatus.
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suture. The esophagus is then divided sharply just dis-
tal to this point. See Figure 72.25. (Note: An additional 
length of esophagus is typically taken at the time of 
anastomosis in the neck.)  

 Conduit Construction 

 With dissection complete and the esophagus transected, 
the esophagus and attached tissues are delivered into the 
abdomen. See Figure 72.26. Fashioning the conduit is 
very easy and accurate through this exposure. The con-
duit is fashioned with the primary concern for adequate 

distal margin. Secondary considerations in conduit con-
struction include retaining appropriate length while pro-
ducing a relatively narrow conduit to promote emptying 
and reduce redundancy.   

 The lesser curve is prepared for division. Depend-
ing on the amount of gastric involvement the lesser curve 
can be cleaned for transection at any point between the 
third vein and the pylorus. See Figure 72.27.    

 Constructing the conduit is initiated in the fundus. 
See Figure 72.28. There should be a tendency for ad-
vancing in small controlled increments with each appli-
cation of staples to allow for elongation of conduit and 
shaping to a consistent width and even resection margin 
of at least 4 to 5 cm. See Figure 72.29. The specimen 
is then taken to pathology by the surgeon to orient the 
specimen and obtain frozen section assessment of the 
proximal resection margin.  

FIGURE 72.13

Initial upper abdominal exposure.

FIGURE 72.14

Initial mobilization of the stomach.

FIGURE 72.15

The hiatus is mobilized circumferentially.

FIGURE 72.16

Completed mobilization of the esophagogastric junction.
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 The extent of stomach available for esophageal re-
placement will depend on the amount of gastric involve-
ment. Generally the stomach will be divided at the level 
of the fourth vein, as described above. With more exten-
sive gastric involvement, however, the line of resection 
may be as far down as the incisura or even immediately 
above the pylorus if greater gastric resection margin is 
required or a particularly thin conduit would be consid-
ered advantageous for an individual patient. 

 The staple line along the tubularized stomach is 
oversewn in with 3–0 silk suture in a Lembert fashion. 
See Figure 72.30. The fi nal 2 3–0 silk sutures at the 
apex of the conduit will subsequently be used to secure 
the apex of conduit to esophageal stump above the aor-
tic arch.  

 The gastric conduit is passed through the hia-
tus, under the aortic arch and secured to the transected 

 esophagus with the fi nal 3–0 silk sutures, making sure 
to keep the conduit in the correct orientation. See Figure 
72.31. This facilitates the gastric conduit being brought up 
into the neck during the cervical phase of the operation.  

 Great care is taken to ensure the correct orienta-
tion of the conduit, as any twisting or bending may 
compromise the vascular supply. See Figure 72.32. The 
neoesophagus is secured to the abdominal and thoracic 
aspects of the hiatus with 3–0 silk sutures to prevent 
herniation of abdominal contents.  

 Closure 

 The medial component of the diaphragm is closed with a 
running 2-O Vicryl. Individual interrupted Vicryl  sutures 
are placed to approximate the remainder of diaphragm. 
See Figure 72.33. The interrupted sutures are tied from 

 FIGURE 72.19 

 Following the Kocher maneuver, the pylorus is assessed. 

FIGURE 72.17

Taking down the short gastrics.

FIGURE 72.18

The entire greater curve is mobilized. The course of the right 
 gastroepiploic artery is identified.

 FIGURE 72.20 

 Exposure of the left gastric artery. 
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within the abdomen once the costal margin has been 
brought together.  

 The costal margin is closed in an overlapping fash-
ion to ensure stability, making no attempt to bring the 
costal margin together end to end. See Figure 72.34. 
This can be done with wire, but #1 Vicryl suture works 
extremely well. Anterior and posterior #24 chest tubes 

are placed in the left chest. The chest wall is closed with 
pericostal double strand #1 Vicryl suture. The layers of 
the chest wall and abdomen are closed in the standard 
fashion.  

 Cervical Phase 

 After completion of standard chest closure, the patient is 
repositioned supine. The neck is slightly extended. The 
heating blanket is brought up to cover majority of the 
torso and lower extremities. See Figure 72.35. A cervi-
cal incision is made along the anterior border of the left 
sternocleidomastoid muscle. See Figure 72.36. The skin, 
subcutaneous tissue, and platysma are divided.   

 The sternocleidomastoid and great vessels are re-
tracted laterally as the dissection is carried down to the 
prevertebral space. See Figure 72.37. Exposure may be 
facilitated by division of the omohyoid muscle, middle 
thyroid vein, and the inferior thyroid artery. Typically, 
however, the esophagus is found to be completely mobi-
lized from prior dissection in the chest. See Figure 72.38. 
This method of mobilization generally protects the re-
current nerve. The esophagus is encircled and brought 
up into the neck with the attached gastric conduit.   

 FIGURE 72.21 

 Left gastric artery. 

 FIGURE 72.22 

 Dissection underneath the aortic arch. 

 FIGURE 72.23 

 Surgeon’s fingers underneath the aortic arch and through 
the window opened in the pleura just lateral to the left 
 subclavian artery. 
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 FIGURE 72.24 

 Mobilizing the esophagus above the aortic arch. 

 FIGURE 72.25 

 Partial transection of the esophagus above the aortic arch. 

 FIGURE 72.26 

 Esophagus and stomach reduced into the abdominal cavity. 

 FIGURE 72.27 

 Preparing the stomach for fashioning the gastric conduit. 

 FIGURE 72.28 

 Constructing the gastric conduit. 
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 FIGURE 72.31 

 Gastric conduit is positioned in the bed of the esophagus 
and sutured to the proximal esophageal stump. 

 The esophagus and attached stomach are brought 
up into the incision. See Figure 72.39. A hand-sewn or 
a longitudinal stapled anastomosis can be performed. 
The best method of gastroesophageal anastomosis re-
mains debated. Orringer, Marshall, and Iannettoni have 
suggested that a stapled side-to-side gastroesophageal 
anastomosis reduces leaks and subsequent stricture (9). 
We believe the choice should be made by the individual 
surgeon, who ideally is aware of their personal leak and 
stenosis rate.   

 We typically utilize a 2-layer anastomosis, per-
formed with inner layer of interrupted 3-O Vicryl and 
outer layer of 3-O silk. The nasogastric tube is advanced 
into the gastric conduit prior to completing the ante-
rior wall of the anastomosis. An additional 2 to 4 cm of 
proximal esophagus is resected at the time of the anas-
tomosis. See Figure 72.40. The anastomosis is returned 

to the neck and will lie approximately 2 to 3 cm above 
thoracic inlet. See Figure 72.41. 

 A drain is passed posterior to the anterior head of 
the sternocleidomastoid to lie adjacent to the esophagus 
and cephalad to the anastomosis. See Figure 72.42. The 
wound is irrigated and aspirated. The fascia is closed 
with 3–0 Vicryl.   

 Intrathoracic Anastomosis 

 A cervical anastomosis will not be possible or desirable 
in all cases. The conduit may not be suffi cient in length 
for a tension-free cervical anastomosis due to gastric 
involvement, prior surgery, or other factors. As noted 
above, an intrathoracic anastomosis can be achieved at 
any level between the inferior pulmonary ligament and 
the aortic arch. See Figures 72.43–72.46. 

 Esophageal dissection is carried just proximal to 
level of intended resection as seen in Figure 72.43. The 
anastomosis can be achieved in a hand-sewn or stapled 
fashion. A circular stapler can be utilized to construct an 
end-to-end anastomosis. A purse-string stapling device 
is placed to secure the anvil of the circular stapler in the 
proximal esophageal remnant as seen in Figure 72.44. 

 FIGURE 72.29 

 Completion of gastric resection and separating the specimen. 

 FIGURE 72.30 

 Completed gastric conduit. 
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 FIGURE 72.32 

 Gastric conduit in position in the posterior mediastinum. 

The esophagus is divided below the aortic arch. The 
anvil of the stapler is introduced into the esophagus and 
secured with the purse-string, as seen in Figure 72.45. 
The circular stapler is introduced into the conduit by 
way of a gastrotomy or, alternatively, through the site of 
a pyloroplasty. The center rod of the stapler is brought 
out of the fundus several centimeters from the staple line 
of the conduit. 

 The stapler is fi red and the gastroesophageal anas-
tomosis is completed as seen in Figure 72.46. The rings 
of esophagus and conduit resected around the center 

rod, “doughnuts” are removed from the staple cartridge 
and examined for completeness of anastomosis. The 
gastrotomy is closed. The abdomen and chest are closed 
in the standard fashion noted above. 

 ADDITIONAL POINTS 

 If the stomach is felt to be inappropriate for utilization 
as a replacement conduit, the abdominal component of 
the incision can be extended inferiorly along the abdom-
inal midline to facilitate mobilizing the left or transverse 
colon or a Roux-en-Y segment of jejunum. 

 FIGURE 72.33 

 Closure of the diaphragm and costal margin. 

 FIGURE 72.34 

 Final diaphragmatic sutures tied from the abdominal side 
once the costal margin is reapproximated. 

 FIGURE 72.35 

 Patient is repositioned for cervical anastomosis. 
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 FIGURE 72.39 

 Initiating cervical anastomosis. 

 FIGURE 72.38 

 Dissection carries deep into the neck to the prevertebral 
space. 

 FIGURE 72.36 

 A fairly limited incision is required to gain access to cervical 
esophagus. 

 FIGURE 72.37 

 Access to the cervical esophagus. 

 FIGURE 72.40 

 Cervical hand-sewn anastomosis. 

 FIGURE 72.41 

 Completion of the cervical anastomosis. 
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 As demonstrated in the technical description, the 
anastomosis can be placed below the aortic arch, as 
seen in Figure 72.46, or in the neck, as seen in Figure 
72.41. Other surgeons have utilized an upper thoracic 
anastomosis by bringing the esophagus out through the 
supra-aortic window (see Figure 72.25) and placing the 
anastomosis over the aortic arch. 

 POST-OP CARE 

 The perioperative standardized clinical pathway can be 
seen in Figure 72.1. Key points in the immediate post-
operative period are outlined in Table 72.2. In part, 
this process is facilitated by clear defi nition of steps and 
goals. The most important aspect is involving the entire 
care team, including all clinicians, supportive staff, the 
patient, and their families.   

 FIGURE 72.43 

 Esophagus prepared for transaction below aortic arch. 

 FIGURE 72.44 

 A purse string is placed in the esophagus below aortic arch. 

 FIGURE 72.42 

 Placement of a cervical drain. 
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 OUTCOMES ASSOCIATED WITH LTA 
ESOPHAGECTOMY 

 We support the concept of a diversifi ed approach to 
esophageal resection. However, the LTA is particu-
larly well suited for management of distal esophageal 
and esophagogastric junction tumors, which currently 
comprise the most common presentation in the Western 
world. 

 Previous results have highlighted that the LTA 
esophagectomy is the most common operative approach 
used for esophageal cancer at our institution (8,10–12). 
An assessment of eating ability and dietary status be-
tween 1991 and 1998 (90% patients undergoing LTA) 
demonstrated that dietary intake was normal or only 
minimally limited in 85% of patients at a mean fol-
low-up of 36 months (12). Similarly, a specifi c examina-
tion of long-term quality of life in patients undergoing 

 esophageal resection for high-grade dysplasia or invasive 
cancer (60% of patients undergoing LTA) demonstrated 
that age- and sex-matched postoperative SF-36 scores 
were equal to the general population at a mean follow-
up of 5 years (11). 

 A specifi c examination of benchmarks associated 
with outcomes between 1996 and 2002 in pancreatico-
duodenectomy and esophageal resection (60% of pa-
tients undergoing LTA) showed signifi cant advantages 
in multiple parameters compared to the medical litera-
ture published during the same period (10). Our results 
compared favorably with respect to several benchmarks 
including mortality 0% vs. 5.5%, operative blood loss 
204 vs. 964 cc, anastomotic leak rate of 2.9% vs. 9.1% 
and hospital length of stay 11.1 vs. 16.6 days. 

 A major review of 340 consecutive patients (8) 
undergoing esophagectomy for cancer by a single sur-
geon at our institution between 1991 and 2006 (63% of 

FIGURE 72.45

 Anvil of circular stapler secured in the esophagus. 

   FIGURE 72.46 

 Completed intrathoracic gastroesophageal anastomosis. 
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 patients undergoing LTA) has demonstrated that mortal-
ity levels can be extremely low in esophageal resection, 
contrary to national database reports in the literature 
(13). In our review, the mortality rate was 0.3% for the 
entire series. Just as importantly, signifi cant improve-
ments in the survival were demonstrated in the patients 
operated on between 1998 and 2004. Kaplan-Meyer 
5-year survival of stage I, II, and III patients was 92.4%, 
57.1%, and 34.5%, respectively. We credit these results 
to an organized team approach to management, guided 
by an evolving standardized clinical pathway. See Table 
72.1. Although the majority of these patients had an 
LTA, we believe these results highlight the importance 
of fl exibility in the management of esophageal cancer 
and demonstrate the safety and effi cacy of a diversifi ed 
approach to esophageal resection. 

TABLE 72.2
Key Points in the Immediate Postoperative Period

•  Immediate extubation in the operating room

•  Transfer to intensive care unit with discharge to the 
ward 12 to 18 hours post-op

•  Patient controlled epidural analgesia. Pain team 
rounds twice a day

•  Patient mobilization out of bed morning pod #1 prior 
to transfer out of ICU

•  Chest tube removed postoperative day 1 to 3

•  Jejunostomy tube feeds begin day 3

•  UGI study to assess anastomosis and gastric emptying 
postoperative day 4 to 5

•  NG tube removed day 4 to 5

•  Limited oral clear fluids begun day 5 to 6

•  Shorten/remove the cervical Penrose day 6 to 7

•  Dietary consultation day 5 to 6

•  Hospital discharge day 7 to 8
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Surgery Techniques: 
Resection of Cancer 
Involving the 
Cervicothoracic Esophagus 

 Thomas K. Varghese, Jr.
Douglas E. Wood 

sophageal cancer is a deadly dis-
ease, accounting for 15,560 new 
cases in 2007 and 13,940 deaths 
(1). Less than 10% of all primary 
esophageal tumors involve the cer-

vical esophagus, and they are invariably squamous cell 
carcinomas (2). These tumors usually present at an ad-
vanced stage and thus pose several challenges to the 
managing physician. A multidisciplinary team approach 
is ideal, with surgeons, radiation therapists, and medi-
cal oncologists working together to formulate a treat-
ment plan. When a primary surgical-based intervention 
is planned, careful assessment of the extent of tumor is 
critical, as local invasion can signifi cantly infl uence the 
planned resection. The surgeon must consider the recon-
structive challenges of the surgical defect that impacts 
swallowing, speech, and respiration. If chemoradiation 
is used as initial modalities of treatment, patients should 
be closely followed to assess whether surgical salvage of 
treatment failures is feasible. 

 Surgical resection is a controversial therapy for can-
cers of the cervical esophagus. As these tumors are rela-
tively uncommon, few surgeons have extensive experience 
with their management. Disappointing postoperative 
functional results, low rates of long-term survival, and 
improvements in locoregional therapy, including both ra-
diotherapy and chemoradiotherapy, have generated con-
siderable discussion regarding appropriate selection of 

treatment. However, resection remains a viable option in 
the management of patients with potentially curable cervi-
cal esophageal cancer (3). Malignant tumors of the larynx, 
hypopharynx, trachea, or thyroid can secondarily involve 
the cervical esophagus, and in these patients removal of 
the esophagus is only 1 component of the surgical inter-
vention, as laryngectomy and resection of the proximal 
trachea may be required. Outcomes in these patients are 
not as good as those in whom only an esophagectomy 
and esophageal substitution are needed. However, with a 
meticulous systematic approach, success in terms of pal-
liation and sometimes cure can be achieved. 

 ANATOMY 

 The cervical portion of the esophagus is approximately 
5 cm long and descends between the vertebral column 
and trachea from the level of the sixth cervical vertebra to 
the level of the thoracic inlet (bounded by the supraster-
nal notch anteriorly and the interspace between the fi rst 
and second thoracic vertebrae posteriorly). Important 
anatomical relations include the following (Figure 73.1): 

 Anterior—posterior tracheal membrane. 
 Posterior—prevertebral fascia. 
 Recurrent laryngeal nerves lie in the right and left 
grooves between the trachea and esophagus. 

•
•
•

 E
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 Laterally, the esophagus is bounded on each side by 
the carotid sheaths and the respective lobes of the thy-
roid gland.     

 The cricopharyngeus muscle represents the tran-
sition between the hypopharynx and cervical esopha-
gus. The cervical esophagus is a muscular tube that 
has a squamous epithelial layer, a submucosa rich in 
lymphatics, a muscular layer, and an adventitial layer. 
The muscular layer is divided into an inner circular and 
outer longitudinal layer. The lymphatics of the cervical 
esophagus are almost coincident with the hypopharyn-
geal lymphatics and include drainage to the recurrent 
laryngeal, paratracheal, and jugular chain nodes. There 
is also some drainage of the cervical esophagus to the 
superior mediastinal lymph nodes. The vascular supply 
is derived from the inferior thyroid arteries with some 
contribution from the high thoracic vasculature. Finally, 
innervation to the cervical esophagus is provided by 
sympathetics, parasympathetics, and cranial nerves IX, 
X, and XI (the spinal accessory nerve). 

 CLINICAL PRESENTATION AND STAGING 

 Patients with cervical esophageal tumors usually pre-
sent at an advanced stage and often have dysphagia. The 
overall appearance of these patients will likely reveal a 
malnourished individual. Respiratory symptoms may 
occur either from airway involvement or aspiration. 
Hoarseness can occur if the recurrent laryngeal nerve is 
involved. As the tumor increases in size, progressive dys-
phagia, severe dehydration, weight loss, chronic aspira-
tion, and upper airway obstruction result. 

 Current staging of esophageal cancer is based on 
the tumor/node/metastasis classifi cation developed by 

•

American Joint Committee on Cancer. Clearly, patient 
outcomes are worse with advanced stage of disease. Ac-
curate staging depends on a thorough physical exami-
nation coupled with appropriate imaging studies. The 
extent of the tumor and lymph node involvement must 
be defi ned by clinical exam, operative endoscopy (fi ber-
optic laryngoscopy, bronchoscopy, and esophagoscopy), 
and imaging. A complete examination of the head and 
neck should be performed with a focus on the mucosa 
of the upper aerodigestive tract to evaluate the extent of 
the primary tumor and to assess for second primaries. 
Physical examination may reveal a neck mass, enlarged 
lymph nodes, or signs of metastatic disease. Speech and 
swallowing evaluation should also be performed. 

 In the treatment of cervical esophageal malig-
nancies, the role of imaging involves the pretreatment 
evaluation of the extent of primary tumor and possible 
metastases, as well as the evaluation of the patient after 
treatment. The barium swallow (esophagram) can help 
in the diagnosis of malignancies in this region. It can 
also be used to image the distal extent of the disease 
in those patients where an endoscope cannot be passed 
distally. The primary imaging modality for pretreatment 
evaluation of the cervical esophagus is cross-sectional 
imaging with computed tomography (CT) of the neck, 
chest, and abdomen. In multiple studies examining the 
impact of cross-sectional imaging on the staging of hy-
popharyngeal or esophageal cancer, the clinical tumor 
stage was upstaged in up to 90% of patients (4). Accu-
racy of tumor staging, as compared to pathologic fi nd-
ings, is 58% for clinical examination and 80% for CT. 
Positron-emission tomography improves the ability to 
detect metastatic disease. 

 At operation, exploration is performed to deter-
mine whether there is involvement of the larynx or tra-
chea. If such involvement is identifi ed, laryngectomy and 
tracheal resection are necessary for a curative resection. 
Bilateral modifi ed neck dissection is performed to re-
move all the regional lymph nodes. If a 5-cm margin of 
normal esophagus cannot be removed distal to the infe-
rior extent of gross tumor, a total esophagectomy is per-
formed. Some advocate total esophagectomy in all cases 
to accomplish a more complete excision and lymph node 
dissection. In selected patients, a segmental esophagec-
tomy with or without laryngectomy can be performed, 
and reconstruction is achieved by means of a free jejunal 
graft with microvascular anastomosis. 

 SURGICAL CONSIDERATIONS 

 Preoperative Assessment 

 There are many factors to consider when anticipating sur-
gical intervention (Table 73.1). The fi rst decision  entails 

 FIGURE 73.1 

Horizontal section at the level of the sixth cervical vertebra 
showing the surgical approach to the cervical esophagus 
(dotted arrow).
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appropriate patient selection. Staging studies are reviewed, 
and the medical fi tness of the patient to undergo surgery is 
assessed. As respiratory complications are the most com-
mon after surgery, pulmonary function tests are obtained, 
and pulmonary physiotherapy measures are instituted. 
These include cessation of smoking, ambulation, and use 
of an incentive spirometer. The next decision centers on the 
extent of esophageal resection and approach. Location of 
the tumor, involvement of adjacent lymph nodes, and in-
vasion of the adjacent trachea are infl uencing factors. The 
extent of resection is usually based on the preoperative 
staging. The reconstruction technique is then considered. 
Although there has been signifi cant debate about the best 
method to replace the esophagus, in most situations the 
stomach remains the conduit of choice, whereas a colon 
or small bowel interposition is favored in instances where 
the stomach is inadequate or absent.   

 Operative Techniques 

 Communication between the surgeon and the anes-
thesiologist is needed to properly secure the airway. 
A  tracheostomy or placement of an endotracheal tube 

under direct endoscopic vision may be needed in certain 
cases. The patient is positioned supine, with the arms 
tucked at the sides, and neck gently extended with a 
shoulder roll. The head is turned to the patient’s right if 
a left lateral neck incision is planned or kept neutral for 
a collar incision. Absence of airway involvement can be 
determined by fl exible bronchoscopy. Flexible esopha-
goscopy helps to confi rm location of the tumor, extent 
of the tumor, as well as determination of whether the 
larynx can be preserved. In general, tumor involvement 
within 2 to 3 cm of the cricopharyngeus necessitates 
resection of the larynx. After removal of the fl exible 
esophagoscope, a nasogastric tube is then carefully 
placed. 

 Resection 

 The cricoid cartilage is the anatomic landmark for the 
cricopharyngeus muscle and the origin of the cervical 
esophagus. The length between the cricoid cartilage 
and the upper sternal notch represents the approxi-
mate length of the cervical esophagus that is accessible 
through a cervical incision. Because of its natural devia-
tion slightly to the left, the cervical esophagus is often 
approached through an oblique 5- to 6-cm incision par-
allel to the anterior border of the left sternocleidomas-
toid muscle (Figure 73.2). The left cervical incision is 
used in those tumors confi ned to the esophagus. The 
superior extent of the incision is just above the level of 
the cricoid cartilage. The platysma is divided, followed 
by identifi cation and division of the omohyoid muscle. 
Ligation of the middle thyroid vein and inferior thyroid 
artery is often needed. The carotid sheath and its con-
tents are retracted laterally, while the trachea and thy-
roid gland are retracted medially. Metal retractors are 
generally not used to retract in the tracheoesophageal 
groove to avoid injury to the recurrent laryngeal nerve. 
The dissection is continued to the prevertebral fascia 
posteriorly in a plane medial to the carotid sheath. The 
prevertebral space behind the esophagus is developed 
by blunt fi nger dissection, taking care to constantly 
keep the fi nger against the esophagus. Blunt fi nger dis-
section along the prevertebral fascia into the superior 
mediastinum mobilizes the high retrosternal esophagus 
away from the spine. The tracheoesophageal groove is 
located, and the plane between the cervical esophagus 
and trachea is developed. Exposure is done, taking care 
to avoid injury to the recurrent laryngeal nerve. A Pen-
rose drain is used to encircle the esophagus. Superior 
retraction is done while bluntly dissecting the cervical 
esophagus from the superior mediastinum, taking care 
to keep the fi ngers against the esophagus. In such a man-
ner, a 10-cm length of the esophagus can be mobilized 
down to the level of the carina.     

TABLE 73.1 
Factors to Consider When Anticipating 

Surgical Intervention

1. Preoperative optimization
  a. Cessation of smoking
  b. Nutritional status assessment
  c. Cardiorespiratory assessment
  d. Epidural placement
2. Operative factors
  a. Airway status
  b. Extent of esophageal resection
  c. Decision whether to preserve the larynx
  d. Lymphadenectomy
  e. Exposure of the superior mediastinum
  f. Need for cervical exenteration
  g.  Reconstruction method (gastric tube, jejunal free 

flap, colon interposition)
  h. Feeding tube
3. Postoperative management
  a. Care of airway
   i. Humidification of inspired air
     ii. Minimal trauma to the trachea
  b. Pulmonary physiotherapy measures
  c. Enteral feeding
  d. Nasogastric decompression
  e. Monitoring for hypoparathyroidism
  f. Postoperative contrast study
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 FIGURE 73.2 

Left cervical incision for isolated cervical esophageal 
lesions.

 However, tumors confi ned only to the cervi-
cal esophagus are rare. With more extensive tumors, 
the neck is explored initially through a collar incision 
( Figure 73.3). Esophageal mobilization is similar to that 
described previously, although the collar incision facili-
tates mobilization of more complex tumors by allowing 
the surgeon to approach the esophagus from both the 
right and the left. A clear proximal margin is often more 
diffi cult to attain than the distal. Care is taken to avoid 
injury to the adjacent structures, specifi cally the recur-
rent laryngeal nerves, larynx, and posterior tracheal 
membrane. In those patients with short necks or where 
further exposure of the low cervical or high thoracic 
esophagus is needed, an upper sternal split is used (5) 
(Figure 73.4). Although the cervicothoracic esophagus 
is encircled with a Penrose drain, the trachea is not en-
circled and instead is retracted with fi ngers along its an-
terolateral aspect, taking care not to injure the recurrent 
laryngeal nerves.   

 If the tumor extends to or below the thoracic inlet, 
the entire thoracic esophagus is resected using a transhi-
atal approach. Synchronous carcinomas in the esopha-
gus have been cited in a number of reports to be as high 
as 6% to 15% (6–8). This has led many to advocate 
total esophagectomy in all patients. A transhiatal esoph-
agectomy facilitates reconstruction with a gastric pull-
up, avoids an intrathoracic anastomosis, and allows for 
removal of all esophageal squamous mucosa that may 
be at risk for recurrence or skip lesions. 

 FIGURE 73.3 

 (A) Curved anterior thoracic incision with elevation of skin 
flaps as an alternative to the left cervical incision. (B) Low 
collar neck incision can be extended to form an apron in-
cision with subsequent reflection of skin and subcutane-
ous flaps, including the superficial layer of the cervical 
fascia and the platysma. (C) Wound closure with bilateral 
drains and permanent tracheostomy brought out through 
the suprasternal notch. In those patients requiring exten-
sive tracheal resection, a mediastinal tracheostomy is often 
needed. 
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 Tumor involvement within 2 to 3 cm of the crico-
pharyngeus necessitates resection of the larynx. In these 
cases, the thyrohyoid membrane is entered just above 
the thyroid cartilage, the pharyngeal and pharyngeal 
mucosa is divided by carrying the incision laterally and 
posteriorly, and the hyoid bone is left behind. The epi-
glottis is grasped, retracted downward, and amputated. 
While achieving suffi cient proximal margin, care is 
taken to ensure preservation of 1 or both thyroid lobes 
and its adjacent parathyroid glands. Hypoparathyroid-
ism is one of the most signifi cant morbidities associated 
with total laryngopharyngoesophagectomy with gastric 
transposition (9). Autotransplantation of the parathy-
roids may be required in those patients with contiguous 
involvement necessitating total thyroidectomy. 

 Cervical esophageal tumors involving the cervical 
trachea and secondary malignancies invading the upper 
aerodigestive system add complexity to the surgical re-
section. In these patients, cervical exenteration is needed. 
Cervical exenteration removes the larynx, a portion of 
the trachea, and the lower pharynx (10). Resecting a por-
tion of the retrosternal trachea to achieve an adequate 
distal tracheal margin can make it diffi cult to elevate the 
remaining trachea out of the mediastinum for creation 
of the standard tracheostomy in the suprasternal notch. 
An anterior mediastinal tracheostomy is constructed in 
these patients (11). Removal of a plate of sternum, por-
tions of the clavicles (at least 4 cm from its medial ends), 
and medial portions of the fi rst and second ribs aids in 
the exposure. Bipedicled skin fl aps allow the anterior 
chest wall soft tissue to reach the shortened trachea for 

a mediastinal tracheostomy, allowing a successful stoma 
with as little as 4 cm of trachea proximal to the carina. 
This usually requires division of the innominate artery 
and transposition of a muscle or omental fl ap to avoid 
the potential devastating consequence of a postoperative 
trachea-innominate artery fi stula. 

 The control of regional metastasis is a core compo-
nent of the management of cervical esophageal tumors. 
The regional lymph nodes must be assessed. Most squa-
mous cell carcinomas requiring laryngopharyngoesoph-
agectomy warrant bilateral neck dissections, as there 
may be up to 75% ipsilateral and 25% bilateral cervi-
cal nodal metastasis. Enlarged nodes mandate radical or 
modifi ed radical neck dissections. En bloc resection of 
all tissues between the carotids, superior to the innomi-
nate artery and superfi cial to the prevertebral fascia, is 
performed. 

 Reconstruction 

 The extent of esophageal resection infl uences the choice 
for esophageal replacement. In all patients, feeding je-
junostomy tubes should be placed. Most surgeons 
think that the gastric conduit is the best choice after 
total esophagectomy in terms of functional outcome. 
Suffi cient length to the oropharynx is usually achieved 
(Figure 73.5). Advantages of the gastric pull-up after re-
section include a 1-stage procedure with 1 anastomosis 
and removal of the entire esophagus. Its disadvantage in-
cludes the morbidity of a combined abdominal and cervi-
cal dissection and frequent gastric refl ux. In most series, 
hospital mortality had ranged from 8.6% to 13%, with 
anastomotic leak rates of 17% to 26% (6–8,12). The 
pharyngogastric anastomosis is performed with a single 
layer of interrupted 3–0 polyglycolic acid suture. The 
anastomosis may be marked with hemoclips for later ra-
diographic localization and covered either with adjacent 
pharyngeal muscle or with omental fat attached to the 
high gastric fundus. A pyloromyotomy is performed as 
a drainage procedure. A 10-mm Jackson-Pratt drain is 
placed beside the anastomosis and brought out through 
a supraclavicular stab wound.     

 Reconstruction with colon is done when the 
 stomach is not available as a conduit. There are some 
who advocate for the use of colon interposition to avoid 
disabling gastric refl ux. The left colon is preferred be-
cause of suffi cient length, a more reliable blood supply, 
similar diameter to the esophagus, and better functional 
results than the right. Results of large series compar-
ing the use of stomach versus colon for esophageal re-
placement in a nonrandomized fashion have shown no 
signifi cant difference in functional outcome (13). Large 
series,  however, have shown a high morbidity and mor-
tality rate when compared to gastric pull-up or free 

 FIGURE 73.4 

 Extension of the left cervical incision onto the upper 
sternum. 
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 jejunal grafts. Disadvantages include the necessity for 2 
abdominal and cervical anastomoses. Operative mortal-
ity has ranged from 11% to 18%, leak rates from 9% 
to 11%, and conduit necrosis rates from 5% to 31% 
(6–8,12). 

 In cases where segmental cervical esophageal resec-
tion is performed, free jejunal grafts have been utilized 
(Figure 73.6). Refi nements in microvascular techniques 
have helped improve outcomes with free jejuna grafts. 
It is the procedure of choice in patients with segmental 
involvement of the cervical esophagus (less than 3 cm) 
with ability to obtain adequate distal esophageal margin 
in the neck, due to avoidance of mediastinal dissection, 
relatively low morbidity and mortality rates, and rapid 
return of function. The technique cannot be used in 
those tumors that extend below the level of the thoracic 
inlet. Disadvantages include the need for 3 intestinal and 
2  microvascular anastomoses. Larger series of jejuna 

 FIGURE 73.5 

Gastric transposition after pharyngolaryngoesophagectomy. 
The advantage of the gastric pull-up is the single anastomo-
sis in the neck. Pyloromyotomy is performed as a drainage 
procedure, while feeding jejunostomy tube assists in postop-
erative nutritional support.

grafts have indicated an operative mortality of 6% to 
7%, and fi stula formation of 22% to 31% (6,14). 

 POSTOPERATIVE MANAGEMENT 

 With long operations, a period of ventilatory support 
is often needed in the postoperative period. As the ma-
jority of these patients will have a permanent trache-
ostoma, airway access is straightforward. Maintaining 
the position of the endotracheal tube above the tip of 
the carina is critical and can present challenges when 
only a short length of trachea remains (11). Trauma 
to the trachea is minimized, and humidifi ed air is used 
to avoid concretion of secretions. A nasogastric tube 
facilitates decompression of the gastric conduit and 
minimizes refl ux. Aggressive pulmonary physiotherapy 
measures are instituted, including chest physiotherapy, 
use of an incentive spirometer, and early ambulation. 
Enteral feeding through the feeding jejunostomy tube 
is started 48 to 72 hours postoperatively. On the sev-
enth postoperative day, a barium contrast study is 
performed to assess the cervical anastomosis, assess 
transit through the conduit, and ensure that there is no 
obstruction at the jejunostomy tube site. If no anasto-
motic leak is detected, the nasogastric tube is discon-
tinued after ensuring that the patient is ambulatory 
and can sit up while coughing and a clear liquid diet 
initiated. The diet is gradually advanced to a soft, solid 
diet. Depending on the adequacy of oral intake, pa-
tients may be discharged with supplemental tube feeds. 
Feeding tubes are kept in until the fi rst postoperative 

 FIGURE 73.6 

 Free jejunal graft. The mesenteric artery is anastomosed to 
the superior thyroid or external carotid artery. The mesen-
teric vein is anastomosed to the superior thyroid vein or end 
to side to the jugular vein. 
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visit and discontinued when adequate oral intake has 
been achieved. Serial calcium levels are measured to de-
tect hypoparathyroidism. 

 RESULTS 

 Analysis of outcomes for cervical esophageal tumors is 
diffi cult because of the infrequency of procedures and 
the lack of prospective randomized reports comparing 
treatment modalities. Some authors group these tumors 
with hypopharyngeal carcinomas, while others report 
outcomes in conjunction with other esophageal cancers. 
Squamous cell carcinoma is the histology in more than 
90% of patients, arising from the cervical esophagus, hy-
popharynx, or larynx. The remaining are usually second-
ary involvement of the esophagus from primary tumors 
of the thyroid and trachea. Cervical esophageal carcino-
mas are known to have a late onset and an unfavorable 
prognosis. Surgical resection is often not feasible in more 
than 40% of patients at the time of defi nitive diagno-
sis because of metastatic disease (15). The overall 5-year 

survival rates in various reports after complete  resection 
have ranged from 13% to 26%. However, large-series 
data are limited because of the rarity of the lesions. A 
1-year survival rate of 60% is much less than that seen 
with intrathoracic and distal esophageal tumors, usually 
because of recurrence of the primary tumor. 

 CONCLUSION 

 In many patients with cervical esophageal cancer, radia-
tion or chemoradiation therapy is the preferred therapy. 
In the majority of patients with advanced disease, sur-
gical resection should include pharyngoesophagectomy 
and total laryngectomy with defi nitive tracheostomy. 
The ideal reconstructive method should be a 1-stage pro-
cedure with low morbidity and mortality rate and with 
rapid restoration of swallowing function. In most cases 
reconstruction is performed with a gastric pull-up, with 
free jejunal grafts and colonic interposition used in those 
cases where the stomach is not available. In those that 
survive long term, general satisfaction is achieved with 
resolution of dysphagia and respiratory symptoms. 
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  74  
Surgery Techniques: 
Transhiatally Extended 
Total Gastrectomy 

 Hubert J. Stein 

ecause of its rising incidence, ad-
enocarcinoma of the esophagogas-
tric junction (AEG) has become an 
important clinical topic. The dis-
cussions surrounding the adequate 

management of such tumors and, in particular, the 
 optimal surgical approach have in the past been over-
shadowed by confusion about the type of tumors that 
were included in various published reports. Some con-
sider and treat all adenocarcinomas arising at or close to 
the esophagogastric junction as esophageal cancer, others 
as gastric cancer, and yet others as an entirely separate 
entity (1–3). Furthermore, individualized approaches, 
which increasingly also incorporate multimodal pre- 
and/or postoperative treatment strategies, have recently 
emerged (4–7). This has resulted in a variety of surgical 
procedures that are currently recommended for adeno-
carcinoma of the esophagogastric junction, ranging from 
simple local resection with esophagogastrostomy to a 
total ultraradical esophagogastrectomy with systematic 
3-fi eld (i.e., cervical, mediastinal, and abdominal) lymph 
node dissection and colon interposition. Obviously, 
these approaches vary widely in their invasiveness, the 
associated morbidity, postoperative mortality, and the 
functional sequelae in the long-term survivors. 

 Following a consensus conference of the Inter-
national Society for Diseases of the Esophagus and the 
International Gastric Cancer Association, an  agreement 

has been achieved for classifi cation of adenocarcinoma 
arising in the vicinity of the esophagogastric junction 
(1) in order to provide a basis for comparison of treat-
ment results with different approaches and between 
centers. This classifi cation is based on topographic ana-
tomic characteristics and the location of the tumor cen-
ter above, at, or below the gastric cardia as suggested 
by Siewert in 1987 (8). The landmark that remains at 
the center of this anatomical classifi cation is the endo-
scopic “cardia,” defi ned as the oral end of the typical 
 longitudinal gastric mucosa folds. In AEG type I, the 
tumor is  located above this endoscopically defi ned car-
dia; in AEG type II, the tumor center or tumor mass is in 
the area of the endoscopic cardia; and in AEG type III, 
the tumor center or tumor mass is below this landmark 
 (Figures 74.1 and 74.2).   

 The application of this classifi cation system not 
only has shown marked differences between squamous 
cell esophageal cancer and adenocarcinoma of the dis-
tal esophagus in terms of etiology, tumor biology, type 
of affected patients, pattern of lymphatic spread, and 
prognosis, but also has revealed substantial differences 
between the various AEG subtypes (9–12). While type I 
tumors (adenocarcinoma of the distal esophagus) have 
emerged as a separate entity of esophageal carcinoma, 
which usually arise from metaplastic Barrett’s esopha-
gus as a consequence of chronic gastroesophageal re-
fl ux, the biology and morphology of type II tumors 

 B
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(true  adenocarcinoma of the gastric cardia) appears to 
be very similar to type III tumors (subcardiac gastric 
cancer). This is also refl ected in the pattern of lymphatic 
and submucosal spread (Figure 74.3). The direction of 
lymphatic spread (i.e., the most likely location of lymph 
node metastases) in patients with type I tumors is the 
lower mediastinum and the upper abdomen (13,14). 
In contrast, lymphatic spread toward the mediastinum 
appears to be a late and less common event in patients 
with type II and type III tumors. The most common lo-
cation of lymph nodes metastases in these patients is the 
left and right paracardiac region, along the left gastric 
artery, splenic artery, and, in later stages, toward the 
splenic hilum and left para-aortic region at the left renal 
hilum (Figure 74.4).   

 These observations should be taken into account 
when planning surgical treatment of such tumors. From 
the surgical oncology point of view, the extent of resec-
tion should be guided by the goals to achieve a com-
plete tumor resection (a so-called R0 resection) and to 
perform an adequate lymphadenectomy with as little 
perioperative mortality, morbidity, and long-term side 
effects as possible. Surgical resection and lymphadenec-
tomy for adenocarcinoma of the distal esophagus (type 
I tumors) should therefore be planned differently from 
that for squamous cell esophageal cancer and also dif-
ferently from that for true adenocarcinoma of the gastric 
cardia (type II tumors) or carcinoma of the subcardiac 

region (type III tumors). The classifi cation thus allows 
one to tailor the oncologic radicality required for com-
plete tumor removal and lymph node clearance and to 
balance the perceived benefi ts of the surgical procedure 
against its risks (5,15,16). 

 Most agree that type I tumors require a subtotal 
esophagectomy and systematic mediastinal lymphad-
enectomy in addition to an upper abdominal lymph 
node dissection. Based on tumor biology and the pat-
tern of lymphatic spread, subtotal esophagectomy and 
extensive mediastinal lymph node clearance, however, 
appear unnecessary in most patients with type II and 
type III tumors. In these patients, the focus should rather 
be  directed toward clearance of the upper abdominal 
compartment and lower posterior mediastinum. This 
can be achieved in most instances without thoracotomy 
via a pure abdominal approach with wide splitting of 
the esophageal hiatus; that is, a total gastrectomy with 
transhiatal resection of the distal esophagus and system-
atic lymphadenectomy according to the rules of gastric 
cancer surgery and Roux-en-Y reconstruction. A clear 
oral margin obviously is mandatory. The required length 
of the clear proximal resection margin (i.e., the length of 
unaffected esophagus that needs to be resected to avoid 
local or anastomotic recurrences) has been a matter of 
debate but, as in rectal cancer, is overestimated in most 
publications. In any case, a clear oral resection should 
always be confi rmed by intraoperative frozen sections. 

 FIGURE 74.1 

 Topographic anatomic classification of adenocarcinoma of the esophagogastric junction into AEG type I, AEG type II, and AEG 
type III tumors (1). 
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In the author’s experience, a subtotal esophagectomy has 
only rarely become necessary to achieve this goal in pa-
tients with type II or type III tumors. Based on the huge 
experience of Professor Siewert’s Department of Surgery 
at TU Munich, a total gastrectomy with transhiatal re-
section of the distal esophagus, systematic upper ab-
dominal and lower mediastinal lymphadenectomy, and 
Roux-en-Y reconstruction has become the procedure of 
choice for patients with type II and type III tumors of the 
esophagogastric junction (5,10,17). 

 TECHNICAL DETAILS OF TRANSHIATALLY 
EXTENDED TOTAL GASTRECTOMY FOR 

AEG TYPE II AND TYPE III TUMORS 

 Wide exposure is critical for good access to the esoph-
agogastric junction and lower posterior mediastinum 
in oncologic surgery. This starts with placement of the 
patient on the operating table, as illustrated in Figure 
74.5. A generous horizontal upper abdominal incision 
gives best exposure. In obese patients, an additional 

 abdominal upper midline incision may occasionally be 
required. An overhead retractor placed as shown in 
Figure 74.6 elevates the sternum and “opens” the access 
to the esophagogastric junction and posterior medias-
tinum. In every patient with transmural tumor growth 
(pT2b or higher tumor category), a generous en bloc 
resection of the diaphragmatic crura and both pleural 
sheets should be performed, as shown in Figure 74.7. 
This will ensure clear circumferential resection margins. 
Access to the lower posterior mediastinum up to the 
level of the tracheal bifurcation can be achieved after a 
wide anterior or left lateral splitting of the diaphragm 
and insertion of specially designed over-long retrac-
tors, as shown in Figure 74.8. With this approach, the 
entire posterior mediastinum and retrucrural area can 
be cleared of lymphatic tissue under direct vision and 
up to 10 cm of the distal esophagus exposed. In most 
instances this suffi ces to place a purse-string clamp and 
divide the esophagus well above the tumor at the level 
of the tracheal bifurcation (Figure 74.9). Nevertheless, a 
clear proximal resection margin should always be con-
fi rmed by intraoperative frozen sections.     

 FIGURE 74.2 

 Typical specimen showing AEG type I, AEG type II, and AEG type III tumors. 
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FIGURE 74.3

 Pattern of lymphatic spread of type I, type II, and type III adenocarcinoma of the esophagogastric junction (AEG). 

 FIGURE 74.4 

Lymphatic spread toward the left para-aortic region in adenocarcinoma of the gastric cardia due to direct lymphatic pathways.
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 The extent of upper abdominal lymphadenectomy 
is that of a formal D2 dissection performed en bloc with 
the total gastrectomy. Because of the frequent lymphatic 
spread toward the splenic hilum and retroperitoneum 
(Figure 74.2), a pancreas-preserving splenectomy and 
a retroperitoneal para-aortic lymphadenectomy toward 
the left adrenal gland and the hilus of the left kidney 

FIGURE 74.5

Transabdominal access to the esophagogastric junction and 
lower posterior mediastinum. Positioning of the patient and 
line of incision.

 FIGURE 74.6 

 The use of an overhead retractor “opens” the access to the 
esophagogastric junction and lower posterior mediastinum. 

 FIGURE 74.7 

Wide local en bloc mobilization of the distal esophagus with 
 surrounding structures (diaphragmatic crura and pleural 
sheet).

FIGURE 74.8

 Wide exposure of the distal esophagus and lower posterior mediastinum after insertion of special retractors. Left: Graphic 
 depiction. Right: Intraoperative view. 
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may be added (Figure 74.4). This extension of the pro-
cedure should, however, be considered only in patients 
with frank lymph node metastases in these areas be-
cause it may result in substantial morbidity. Whenever 
possible, a resection of the tail of the pancreas should 
be avoided because this is followed by septic complica-
tions in 20% to 25% of the patients (pancreatic fi stu-
lae and abscesses). The only indication for resection of 
the pancreatic tail is a direct tumor invasion into the 
pancreas. 

 From a technical and functional point of view, 
 reconstruction with a pouch after total gastrectomy and 
a transhiatal resection of the distal esophagus does not 
make sense because the pouch would be located partially 
within the chest and cannot function as a reser voir. The 
fastest and easiest reconstruction is an end-to-side esoph-
agojejunostomy in the Roux-en-Y technique  (Figures 
74.10 and 74.11). The distance between the esophagoin-
testinal anastomosis and Roux loop should be at least 
40 to 50 cm. 

 Modern circular stapler devices allow safe anas-
tomosis high in the mediastinum without thoracotomy 
(Figure 74.10). A careful selection of a proximal jeju-
nal loop with a good vascular arcade and a tension-free 
anastomosis are key to prevent leaks and stricture for-
mation. Diaphanoscopy helps with identifi cation and 
construction of the Roux loop. 

 OUTCOME OF TRANSHIATALLY EXTENDED 
TOTAL GASTRECTOMY WITH ROUX-EN-Y 

RECONSTRUCTION 

 The oncologic results and the long-term outcome of this 
approach are at least as good as those with more radical 
abdominothoracic procedures (Figure 74.12), while the 
surgical procedure is safer and the postoperative course 
smoother when thoracotomy is avoided (2,9,10,17). 
This experience was recently confi rmed by a prospec-
tive randomized study from the National Cancer Cen-
ter in Tokyo (18). In this study, the abdominothoracic 
 approach for AEG type II and type III tumors was as-
sociated with a higher postoperative mortality rate and 
a signifi cantly higher postoperative overall morbidity as 
compared to the transhiatal approach. There were no 
signifi cant differences in long-term survival between 
the two procedures. Thus, a thoracotomy with subto-
tal esophagectomy and systematic mediastinal lymph-
adenectomy is not necessary for the vast majority of 
patients with adenocarcinoma of the gastric cardia or 
subcardiac region, even when distal esophageal invasion 
is present. The thoracotomy only adds morbidity with-
out a survival benefi t. Rather, a pure transabdominal/
transhiatal approach is the access of choice whenever a 
clear oral resection margin can be achieved by this pro-
cedure (Table 74.1).     

 FIGURE 74.9 

Transection of the esophagus well above the tumor.

 FIGURE 74.10 

Esophagojejunal end-to-side anastomosis in the lower pos-
terior mediastinum after transhiatally extended total gastrec-
tomy and resection of the distal esophagus.
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 FIGURE 74.11 

 Left: Extent of resection. Right: Graphic depiction of a completed Roux-en-Y esophagojejunostomy immediately below the level 
of the tracheal bifurcation after total gastrectomy and transhiatal resection of the distal esophagus. 

FIGURE 74.12

 Long-term survival rates for AEG type II/III after abdomi-
nothoracic esophagectomy with proximal gastric resection 
versus transhiatally extended total gastrectomy (data from 
TU Munich series). 

TABLE 74.1 
Strengths and Weaknesses of Transhiatally 

Extended Total Gastrectomy for Adenocarcinoma 
of the Gastric Cardia (AEG Type II) and Subcardiac 

Gastric Cancer Infiltrating the Distal Esophagus 
(AEG Type III)

Strengths Weaknesses

No thoracotomy required Limited mediastinal 
exposure

Preservation of healthy 
 esophagus

Narrow oral resection 
margin

Adequate abdominal 
 lymphadenectomy

Limited mediastinal 
lymphadenectomy

Easy and safe 
 reconstruction

Loss of potentially 
 unaffected stomach
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  75  Surgery Techniques: 
Salvage Esophagectomy 

 Donn Spight 

sophageal cancer is an increas-
ingly common malignancy asso-
ciated with a dismal prognosis. 
More than 50% of patients pres-
ent with dysphagia and are found 

to have locally advanced or disseminated malignancy at 
the time of diagnosis (1). Despite improvements in di-
agnostic tools, surgical instrumentation, and operative 
technique, the mortality of esophageal cancer remains 
unacceptably high. In a review of 122 reports on esoph-
ageal cancer surgery published between 1960 and 1979, 
the average rate of resection, mortality, and 5-year sur-
vival rates were 39%, 29%, and 4%, respectively (2,3). 
When reassessed for the period 1980–1988, Müller et al. 
reported the respective rates to be 56%, 13%, and 20%, 
respectively (4). Although the latter study identifi ed fa-
vorable trends, the overall results for esophagectomy 
today remain similarly unsatisfactory leading many to 
look for other alternatives. 

 In large-volume centers, esophagectomy alone has 
proven effective in early stage cancers, while defi nitive 
chemoradiation therapy (CRT) is the treatment of choice 
for stage IV disease. The optimal treatment strategy for 
locoregionally advanced esophageal cancer has not been 
clearly defi ned (5). In Japan and Western countries, med-
ical and radiation oncologists have reported improved 
survival of stage III patients treated with defi nitive CRT, 
thus blurring the boundaries of traditional treatment 

strategies (6). Fueled by unsatisfying surgical results and 
high mortality rates, the use of defi nitive CRT instead 
of surgery is increasing in frequency in the United States 
(30% vs. 34%) (7). The observation that 15% to 36% 
of surgical specimens show complete tumor eradication 
following neoadjuvant therapy has led some centers to 
offer defi nitive CRT to patients with potentially resect-
able tumors (8–12). 

 Persistent or recurrent local disease after defi ni-
tive CRT treatment remains the greatest failure of this 
strategy. For a subset of carefully selected patients, sal-
vage esophagectomy remains the only curative option. 
Operation after defi nitive CRT is infrequent even in ex-
perienced, high-volume tertiary referral centers. As expe-
rience with defi nitive CRT grows, the number of patients 
referred for salvage esophagectomy will increase. 

 THE CASE FOR DEFINITIVE 
CHEMORADIATION 

 Chemoradiation without surgery has not been compared 
with surgery alone in prospective clinical trials. Several 
studies have evaluated outcomes for chemoradiation 
followed by surgery versus defi nitive chemoradiation 
in potentially resectable esophageal tumors. Long-term 
 follow-up studies from the Radiation Therapy Oncology 
Group trial (RTOG 85–01) reported a median survival of 

 E
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14.1 months with a 5-year survival of 26% in a random-
ized cohort of T1–3, N0–1, M0 patients receiving chemo-
radiation therapy alone. Although designed to evaluate 
effi cacy of CRT over radiation alone (0%, 5-year survival), 
the analysis of this multi-institutional trial revealed sur-
vival rates comparable to those reported in the surgical 
literature (8). 

 In the Federation Francaise de Cancerologie Di-
gestive (FFCD 9102) trial, 445 patients with operable 
thoracic esophageal cancer, histologically squamous cell 
carcinoma (SCC), stage T3–4N0–1M0 were treated with 
5-FU, super selective high-dose intraarterial cisplatin 
(CDDP) plus radiation (13). The 259 patients who had 
at least a partial response were randomized to receive 
additional chemorads or surgery. This study concluded 
that defi nitive CRT was an alternative to surgery in pa-
tients with locally advanced resectable esophageal cancer 
who respond to initial chemorads. The 2-year survival 
was 34% in the surgery group versus 40% in the de-
fi nitive CRT group ( P  = .56). Median survival was 17.7 
months versus 19.3 months respectively. The German 
Esophageal Cancer Study Group (GOCSG) concluded 
that CRT followed by surgery can no longer be recom-
mended as a routine treatment in patients with good 
tumor response to induction chemoradiation therapy in 
a trial comparing preoperative CRT followed by surgery 
with defi nitive CRT alone (12). This trial randomized 
172 patients with locally advanced SCC of the esopha-
gus; stage T3–4N0–1M0 to 1 of the 2 groups. Although 
the local progression-free survival rate at 2 years (64% 
in surgery group vs. 40.7% in chemorads group) was 
signifi cantly different ( P  = .003), overall survival was 
no different (39.9% and 35.5% at 2 years, 31.3% and 
24.4% at 3 yrs.). Median survival of each group were 
not statistically different (14). 

 Despite fl aws in these studies, proponents of de-
fi nitive CRT postulate that patients who benefi t most 
from esophagectomy are those who have had a com-
plete pathologic response to induction therapy (15).
They therefore contend that subsequent esophagectomy 
does not add true value but instead confi rms a favorable 
prognosis at the cost of major surgery. 

 FAILURE OF DEFINITIVE 
CHEMORADIATION 

 Unfortunately, not all patients experience complete 
tumor eradication. Persistent or recurrent local disease 
after defi nitive CRT treatment remains the greatest 
drawback of this strategy: 11% to 26% of patients do 
not exhibit any morphologic tumor response leading to 
a dismal prognosis with a median survival of 9 months 
(13,16,17). The ability to predict who will respond 
 remains a formidable challenge. Defi nitive CRT is now 

accepted as primary treatment of squamous cell cancer 
at many sites including head and neck, anus, and cervix 
(18). In esophageal cancer, squamous cell type is often 
more suitable for defi nitive CRT than adenocarcinoma 
due to tumor location (9). Adenocarcinomas are often 
located at or near the gastroesophageal junction (GEJ) 
where radiation doses must be limited due to fear of in-
clusion of abdominal viscera in the fi eld. 

 Locoregional recurrence is defi ned as tumor de-
tected more than 3 months after CRT. Persistence is de-
fi ned by tumor detected within 3 months in the same 
site (6). Approximately 40% to 60% of patients do not 
achieve locoregional control after defi nitive chemora-
diation therapy as evidenced by persistent or recurrent 
tumor at the primary site within 1 year (8,19). For many 
of these patients, salvage esophagectomy is not an op-
tion, as metastases are revealed upon restaging work-up 
or severe physiologic impairment precludes operative 
intervention. The reasons for treatment failure can be 
multifactorial. In the Trans Tasaman Radiation Oncol-
ogy Group (TROG) study of defi nitive CRT, approxi-
mately 20% of patients failed to complete the prescribed 
protocol due to deterioration in performance status or 
toxicity (20). Local problems that prevented completion 
of therapy included esophageal fi stualizaton and dyspha-
gia (9). Patients treated with CRT alone often require 
dilatation or stents for palliation of strictures or local re-
currence more often than those treated by surgery (12). 

 Esophageal surgery after defi nitive CRT is infre-
quent even in experienced high-volume tertiary  referral 
centers. Although long-term survival is the primary 
goal, local control and freedom from dysphagia are 
important secondary endpoints for any treatment. 
 Symptoms could be palliated with stent placement, but 
this approach would not be curative. Other treatments 
such as PDT and EMR have limited utility in this popu-
lation. As experience with defi nitive CRT grows, the 
number of patients referred for salvage esophagectomy 
will increase. 

 MORBIDITY AND MORTALITY OF 
SALVAGE ESOPHAGECTOMY 

 Salvage esophagectomy is a high-risk operation that car-
ries a mortality of over 10% even among specialized 
units (19). There is also increased morbidity as mani-
fested by duration of ventilator dependence, ICU stay, 
overall hospital stay, and increased anastomotic leak 
rate. Therefore, physiologic fi tness and functional status 
are extremely important considerations when evaluat-
ing patients for possible salvage esophagectomy. Zubrod 
performance status, FEV1, DLCO, and serum albumin 
are important preoperative predictors of complications 
after salvage esophagectomy (15,21–23). 
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 In 2007, Gardner-Thorpe et al. performed a meta-
analysis of 9 series containing a total of 105 patients 
(Table 75.1) (9). Operation after defi nitive CRT was 
infrequent even in tertiary referral centers. Approaches 
varied depending on the tumor site and institutional 
preference and included Ivor Lewis, transthoracic, and 
transhiatal. Performance of extended lymphadenectomy 
varied. The largest series was published by Nakamura 
et al., who reported 27 salvage procedures out of 660 
(4.1%) esophagectomies between 1992 and 2002 (6). 
Looking across all of the published series, the overall 
anastomotic leak rate was 17.1% (range 6%–38%) (9). 
In-hospital mortality was 11.4%. This was compared 
to overall mortality rate of 2% reported over the same 
time period for all esophagectomies. Five-year survival 
rate was 25% to 35%. Median survival after salvage 
esophagectomy ranged from 7 to 32 months. Prognos-
tic factors for increased survival were RO resection 
( P  = 0.006) and longer interval between CRT and recur-
rence ( P  = 0.002). The median interval between comple-
tion of CRT and salvage esophagectomy was 4 to 18 
months (6,19,24–26). The most common indications for 
salvage esophagectomy were persistent disease (52.4%) 
and locoregional recurrence (42.9%) (9). 

 Swisher et al. reported the MD Anderson experience 
from 1987 to 2000. Thirteen of 780 esophagectomies 
were performed after defi nitive CRT (5). Anastomotic 

leak rate was 38%. Pneumonia rate was 38%. Length 
of stay averaged 29.4 days and the in-hospital death rate 
was 15%. Salvage esophagectomy resulted in a 5-year 
survival of 25%. They noted improved survival after 
salvage procedure was associated with early path stage 
(T1NO, T2NO), prolonged time to relapse, and RO sur-
gical resection. 

 TECHNICAL CHALLENGES OF SALVAGE 
ESOPHAGECTOMY 

 The challenges of the procedure are primarily due to 
the increased doses of radiation and the prolonged time 
interval to presentation after the completion of radia-
tion. Neoadjuvant therapy for locally advanced esopha-
geal cancer typically consists of cisplatin, 5-FU, and 
radiation. The average dose of radiation delivered to the 
esophagus is 41.4 Gy (range 30.0–60.0 Gy) in neoadju-
vant groups, as compared to 57.7 Gy (range 30.9–90.0 
Gy) in defi nitive CRT regimens (5). Treatment specif-
ics of radiation therapy, such as total dose, treatment 
fi eld, and fraction size, determine the extent of thoracic 
injury and, therefore, morbidity of subsequent salvage 
esophagectomy. The lungs are not usually affected by 
radiation < 45Gy for esophageal cancer because it is 
typically delivered via anterior and posterior opposed 

TABLE 75.1 
aSalvage Esophagectomy Series after Failure of Definitive Chemoradiation Therapy

Reference
# of 

patients
Study 

interval Country Age
Sex ratio 

(M:F)
Radiation 
dose (Gy) Chemotherapy

Leichman et al.  4 1983–1985 USA 60 (54–80)  2:2 50 Cisplatin and 
5-FU or mitomycin 
C and 5-FU and 
bleomycin

Meunier et al  6 1991–1995 France 57 (40–65)  6:0 60 Cisplatin and 5-FU

Murakami et al.  4 1989–1996 Japan 60 (52–70)  2:2 60–66 Cisplatin and 5-FU

Wilson et al. 16 1993–1998 Canada 64 – 50 Cisplatin and 5-FU

Swisher et al. 13 1987–2000 USA 65 (45–83)  9:4 56–57 Cisplatin and 5-FU

Gotohda et al.  6 1998–2001 Japan 56 (46–66)  4:2 60 Cisplatin and 5-FU

Nakamura et al. 27 1992–2002 Japan 63 (36–79) 21:6 60 Cisplatin and 5-FU

Stahl et al.  5 1994–2002 Germany – – 65 Cisplatin and 5-FU 
and leucovorin 
and etoposide

Tomimaru et al. 24 1985–2004 Japan 63 22:2 62 Cisplatin and 5-FU 
and doxorubicin

aAdapted from Gardner-Thorpe et al. (9).
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beams (6).  However,  radiation doses > 45 Gy require 
obliquely oriented beams to avoid spinal cord damage, 
which may lead to lung damage. Radiation damages 
mediastinal structures and causes infl ammation early 
(weeks) and fi brosis later (months) (27). The resulting 
fi brosis becomes diffi cult to distinguish from residual or 
recurrent cancer. These indistinct planes between tumor 
and fi brotic masses within the irradiated mediastinal tis-
sues increase the propensity for bleeding in the thoracic 
cavity and make the  operation more diffi cult overall. In 
a series of 13 patients reported by Swisher et al., op-
erations frequently took over 9 hours to complete with 
2 intraoperative deaths (5). Salvage surgery took longer 
than other esophageal  operations performed at MD An-
derson (9 vs. 7 hrs.  P  = .006). 

 There have been numerous operative strategies 
to reduce the morbidity of the salvage esophagectomy; 
however, major complications such as respiratory 
failure, esophagogastric anastomotic leak, recurrent 
 laryngeal nerve injury, chylothorax, pericardial effu-
sion, airway necrosis, and fi stulization persist regardless 
of the operative approach. Irradiation of the esopha-
gus and stomach may affect their blood supply and 
this may be a contributing factor to leakage. All efforts 
should be made to avoid the use of irradiated esopha-
gus for any anastomosis. Modifi cations to reduce the 
incidence of leaks include the use of a colonic interposi-
tion graft, jejeunal interposition with vascular anasto-
mosis in neck (supercharged), or reinforcement of the 
anastomosis with viable tissue. Small caliber transnasal 
esophagoscopy can be a very useful tool to assess for 
ischemic changes. Subcutaneous or anterior mediastinal 
positioning of the conduit has been postulated to mini-
mize the consequence of leakage (9). The liberal use of 
pericardial fenestration may decrease the postopera-
tive morbidity from a pericardial effusion (1). Staged 
reconstruction can be utilized to decrease operative 
time and ensure conduit viability before anastomosis in 
sick patients. Placement of a feeding jejeunostomy tube 
is recommended, given the high rate of postoperative 
complication. 

 OUTCOMES 

 Numerous studies have shown that the prognosis of a 
patient with a non-curative salvage esophagectomy is 
extremely poor. Outcomes of salvage esophagectomy 
after defi nitive CRT has been shown to be comparable 
to elective neoadjuvant plus surgery when an RO resec-
tion is performed (6). Tomimaru et al. calculated that 
the odds ratio for improved long-term survival was 23.3 
(95% CI 2.4–219.6) if an RO resection was achieved 
( P  = .006) (25). Swisher et al. achieved median survival 
of 86 months and 5-year survival of 60% for those with 

RO resection (5). No patient with R1/R2 resection sur-
vived more than 13 months in any series (6,19,25). In a 
retrospective cohort evaluation of 24 salvage esophagec-
tomy patients compared with historic controls treated 
with elective neoadjuvant followed by surgery, R1+R2 
resection was more frequently performed in the sal-
vage group (33% vs. 13%) (25). Multivariate analysis 
showed curability (RO vs. R1+R2) to be the strongest 
predictor of successful salvage surgery ( P  = .0064). The 
rate of noncurative surgery in patients diagnosed as 
T4 before CRT was 64% (7/11) in their study. None 
of these patients survived more than 10 months post-
op. Considering this high rate of failure, salvage surgery 
should be avoided in T4 stage patients. Instead palliative 
therapy such as intraluminal stenting, bypass, PDT, or 
EMR should be considered. 

 Prognostic factors for increased survival after sal-
vage esophagectomy are RO resection ( P  = .006), and 
longer interval between CRT and recurrence ( P  = .002). 
Since salvage esophagectomy should be carried out only 
if RO resection is feasible, preoperative patient selection 
and re-staging become paramount to patient selection 
(9). In a study to individualize predictive factors of 
RO resection in patients with locally advanced dis-
ease, Piessen et al. performed a multivariate analysis of 
98 patients deemed unresponsive to chemoradiation. 
They found that tumor height between 0 and 5 cm on 
barium swallow and aortic contact < 90 degrees on CT 
were predictive of RO resection (odds ratio 2.4, 95% 
CI 1.3–4.4,  P  = .004) (28). 

 Unfortunately, there is no highly sensitive and spe-
cifi c investigative modality to accurately re-stage patients 
after defi nitive CRT. In contrast to its well-established 
role in staging esophageal cancer before CRT, CT is in-
accurate for restaging post treatment (29). Nodal disease 
is considered to be a relative contraindication to salvage 
esophagectomy, but standard PET alone cannot distin-
guish tumor from peritumoral lymph node disease (5). 
In a study of neoadjuvant CRT, the sensitivity of PET 
for response was 71% and specifi city 82% compared 
with gold standard of histopathology after esophagec-
tomy (30). Fusion PET/CT may prove more accurate in 
this respect. Endoscopy is important in detecting recur-
rence but may not be suffi cient as a restaging diagnostic 
tool (31). Frequently, stenosis will preclude ability to 
perform a full exam. Even when completed, EUS can-
not reliably distinguish postinfl ammatory changes from 
malignant nodes or direct spread of tumor. In a recent 
study, accuracy was 27% for T stage and 58% for N 
stage (31). Frozen section histology should be performed 
for any suspicious nodes with subsequent abortion of 
operation if they are positive. In addition, exclusion of 
patients with T4 disease on initial staging (before CRT) 
has been postulated to be the best strategy to avoid non-
curative salvage operations (9). 
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 CONCLUSION 

 Based on the results of prospective randomized con-
trolled trials conducted by the Radiation Therapy On-
cology Group (RTOG 85–01) and the Intergroup INT 
0123 (RTOG 94–05), concurrent chemoradiotherapy 
has become the standard of care for patients with local-
ized cancer of the thoracic esophagus selected for nonsur-
gical treatment (8,14,32). With its popularity supported 
by low morbidity and high postoperative quality of life, 
defi nitive chemotherapy is becoming more common as 
a viable treatment option for locoregionally advanced 
operable cancer (3,25). Unfortunately, not all patients 
will attain locoregional control after defi nitive chemora-
diation therapy, and some will have persistent or recur-
rent tumor at the primary site within 1 year. The ability 
to predict who will respond remains at the forefront of 
esophageal cancer investigation. 

 As medical management strategies become more 
prevalent, salvage esophagectomy will be required more 
frequently to deal with treatment failures. The develop-
ment of accurate re-staging methodologies is urgently 
needed for preoperative counseling. For a subset of care-
fully selected patients able to achieve an RO resection, 
salvage esophagectomy remains the only curative op-
tion. Given the technical diffi culty and resultant morbid-
ity and mortality, salvage esophagectomy’s acceptability 
as a “back-up” for defi nitive chemoradiation must be 
evaluated carefully as a standard of care. For superfi cial 
tumors that remain persistent or recurrent at the local 
site, EMR may provide an alternate salvage technique 
(33). Invariably the best treatment strategy will arise 
from a multidisciplinary dialogue and, therefore, pos-
sible candidates should be referred to an esophageal can-
cer center of excellence, rich in experience, and capable 
of delivering high-quality team-based care. 
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  76  Surgery Techniques: 
Postoperative Care 
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or the most part, fl uid resuscitation 
after esophagectomy is like any other 
surgical procedure, with the amount 
and type of fl uid dictated by the 
patient’s clinical status (vital signs, 

urine output, hemodynamic monitoring, etc). However, 
because of the nature of the procedure and the common 
cardiopulmonary side effects and complications, many 
have suggested these patients have to be treated slightly 
different than other patients undergoing gastrointestinal 
resections. For example, Kita et al. (1) suggest that, in 
 patients undergoing esophagectomy, a strict balance must 
be achieved, since excess fl uid leads not only to pulmonary 
insuffi ciency but also to edema of the reconstructive organ, 
which may infl uence its oxygen partial pressures and, thus, 
its viability. This balance is accomplished by maintaining a 
fl uid rate of 1.0 to 2.0 ml kg-1 h-1 and central venous pres-
sure lower than 5 mm Hg during the operation. However, 
at the moment, there is not enough evidence that supports 
such restrictive fl uid management in patients undergoing 
esophagectomy; therefore, most surgeons, including our-
selves, base fl uid resuscitation on the patient needs. 

 THE USE OF BLOOD TRANSFUSIONS 

 With the increasing use of neoadjuvant chemotherapy, 
many patients present with anemia and bone marrow 

suppression before esophagectomy. Moreover, resection 
carries with it substantial risk of bleeding; therefore, 
consideration of blood transfusion is relatively frequent. 
The hemoglobin level at which there is a benefi t for cir-
culation and oxygen delivery has been dropping over 
time. Also, there is evidence that blood transfusions 
may have a negative impact on the oncologic outcomes. 
The concept of packet red blood cells (PRBC) transfu-
sions increasing recurrence of cancer was introduced 
by Gantt in 1981 (2). He hypothesized that if transfu-
sions downregulated the host’s immune surveillance 
against malignant cells, then transfusions could aug-
ment tumor growth. Since then, there have been many 
reports of cancer recurrence or cancer-related deaths 
secondary to transfusion, though all of these reports are 
retrospective and uncontrolled. Vamvakas and Blajch-
man (3) conducted a meta-analysis assessing the clini-
cal relationship between transfusion and cancer-related 
death. Unfortunately, patients who received transfusions 
might have had larger, more advanced tumors, or more 
signifi cant medical problems predisposing them to surgi-
cal complications and long hospital stays. As a result of 
these factors, a causal relationship between transfusion 
and cancer recurrence or death has not been defi nitively 
proven (4). 

 Some work has compared the effects of autologous 
and allogeneic blood transfusions on outcomes after 
surgical resection of malignancies. To date, there are 

 F
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2 studies with level III evidence (5,6) by Motoyama 
et al. that indicate that the use of allogeneic blood trans-
fusion rather than autologous blood during esophagec-
tomy results in decreased 3-year survival and increased 
rates of cancer recurrence. Still, most patients should not 
require blood transfusion, making the role for autolo-
gous donation unclear. 

 In a related topic, there is considerable controversy 
regarding the ideal postoperative hemoglobin level. 
The age-old practice of keeping the hemoglobin above 
10 g/dl has very little evidence-based support. Currently, 
in most patients, transfusion is started when hemoglo-
bin levels are less than 7%. A multicenter, randomized, 
controlled clinical trial from Canada (7) demonstrated 
that a restrictive strategy of blood transfusion, in which 
patients were transfused only for a hemoglobin level of 
less than 7 g/dl, was at least as effective as and possibly 
was superior to a liberal transfusion strategy in critically 
ill patients. Herbert et al. suggest that hemodynami-
cally stable, critically ill patients with cardiovascular 
disease (excluding patients with acute myocardial infarc-
tion and unstable angina) can be safely maintained at 
hemoglobin concentrations above 7% (8). Thus, surgeons 
and anesthesiologists should adopt a more stringent set 
of requirements for blood transfusion, and in doing so, 
even fewer patients will require transfusion. 

 ANALGESIA 

 Effective analgesia is a signifi cant challenge after esoph-
ageal resection. These operations often require an upper 
abdominal incision and either a thoracotomy and/or 
neck incision as well. Severe postoperative pain can 
 induce cardiovascular instability and impairs respira-
tory function (9). The introduction of thoracic epidural 
analgesia represents a key advance in perioperative pain 
control. Adequate pain management, particularly by 
epidural analgesia, can decrease perioperative stress and 
infl uence the postoperative immune response (10,11). 

 Thoracic epidural analgesia (TEA) blocks affer-
ent nociceptive stimuli and inhibits efferent sympathetic 
outfl ow in response to painful stimuli. Starting with 
a bolus before the incision and giving a continuous 
 infusion postoperatively minimizes the stress response. 
Myocardial oxygen demand and arrhythmias incidence 
can be reduced with the use of TEA, which also has the 
potential to improve supply by producing stenotic vessel 
dilation (12). 

 Some studies have also demonstrated that TEA 
improves the microcirculation of the distal gastric tube 
and increases the intestinal motility after a gastric pull-
up. TEA reduces the activity of efferent sympathetic 
fi bers innervating the mesenterial blood vessels result-
ing in venodilation and decreased vascular resistance. 

 Sympaticolysis together with an improved venous re-
turn may explain the enhanced tissue perfusion in the 
 anesthetized area (13). This effect may counteract the 
generally inadequate tissue perfusion at the anastomotic 
site, usually the main cause of anastomotic leakage, stric-
ture, and ulceration; therefore, TEA may not only provide 
excellent pain relief but also represent an effective strat-
egy to decrease the rate of anastomotic insuffi ciency. 

 In patients in whom TEA is contraindicated, there 
are several available alternatives. Intercostal nerve block 
is a valid alternative. The catheter is placed in a paraverte-
bral space just below the level of the incision (for thoracic 
incisions). Effectiveness of this type of analgesia seems to 
be the most similar to epidural analgesia with the major 
advantage of the absence of related complications. 

 Continuous extrapleural analgesia in the postop-
erative period is another alternative that provides excel-
lent results, especially when long-acting analgesics are 
used (14). Local anesthetics may be applied intraopera-
tively to incisions and as intercostal nerve blocks to limit 
 immediate postoperative pain. Intravenous narcotics 
(until institution of oral analgesia) are generally always 
used either as the primary or supplementary analgesic. 
This can be administered by a nurse, but is more com-
monly provided via patient controlled analgesia (PCA) 
pumps, which provide more consistent pain control and 
patient satisfaction. Finally, non-steroidal analgesics can 
work synergistically with narcotics and can contribute 
to dramatically reducing the severity of postoperative 
pain (15); thus, unless there are contraindications to 
their use, they should be considered. 

 RESPIRATORY THERAPY 

 Respiratory problems remain a major cause of both 
morbidity and mortality after esophagectomy for can-
cer. The incidence of respiratory complications after 
esophagectomy has been estimated around 30%, and 
complications include pleural effusions, atelectasis, chy-
lothorax, pneumonia, respiratory failure, and pulmo-
nary embolism (16–18). The key to its management is 
prevention that encompasses a wide spectrum of efforts. 
The preoperative institution of pulmonary toilet exer-
cises, ambulation, and smoking cessation are paramount 
for decreasing the risk of postoperative pulmonary com-
plications (19). 

 Pneumonia and atelectasis are among the most 
common pulmonary complications after esophagectomy. 
Their risk can be minimized in the immediate postopera-
tive period by providing adequate pain relief, early am-
bulation, pulmonary toilet exercises (such as coughing 
and deep breathing), incentive spirometric devices, and 
warming and humidifi cation of inhaled gases (20–22). In 
patients with a history of chronic bronchitis,  percussion 
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and postural drainage can help clear secretions and may 
reduce the incidence of pulmonary infection (23). 

 Early extubation and epidural analgesia are the 
2 postoperative factors that seem to make the biggest 
difference in reducing postoperative respiratory com-
plications. It was demonstrated that there are far fewer 
respiratory complications (24,25) in patients who have 
adequate pain control and breathe spontaneously be-
cause there is more effi cient pulmonary toilet when ex-
creted through coughing and deep breathing maneuvers 
than if endotracheal suctioning is performed. 

 Results confi rm this. For example, Nishi et al. (25) 
have shown that fatal respiratory complications after 
esophagectomy were reduced signifi cantly by the intro-
duction of epidural analgesia and aggressive postopera-
tive physiotherapy and mobilization, avoiding whenever 
possible postoperative ventilation. Ballantyne et al. (26) 
assessed in a meta-analysis the postoperative pulmonary 
outcomes of epidural and systemic analgesia. Compared 
with systemic opioids, epidural analgesia decreased the 
incidence of atelectasis and had a tendency to reduce the 
incidence of pulmonary infections and pulmonary com-
plications overall. 

 Supplemental Oxygen 

 The need for supplemental oxygen in patients who 
undergo an esophagectomy is nearly universal due to 
the nature of the operation. The causes of hypoxemia 
include low inspired-oxygen concentration, alveolar 
hypoventilation, ventilation/perfusion abnormalities, 
increased oxygen consumption, and decreased cardiac 
output. Furthermore, in the postoperative setting there 
are numerous factors that infl uence the patient’s pre-
disposition for the development of hypoxemia postop-
eratively, including factors unique to the patient (e.g., 
age, obesity, cardiopulmonary disease); intraoperatively 
related reasons (e.g., duration of anesthesia, operative 
site, one-lung ventilation) and events occurring postop-
eratively as a result of the surgery (e.g., atelectasis, reac-
tive pleural effusions, abdominal distention, pain) (27). 

 The level of oxygen supplementation is an area 
of recent debate. In a prospective randomized trial, 
Shoemaker et al. (28) found that treatment aimed at 
achieving supranormal values of oxygen delivery was 
associated with improved survival in high-risk surgical 
patients. However, controversy surrounds these results 
because they were obtained in a heterogeneous popula-
tion. In another report, Kusano et al. (29) investigated 
the  impact of hemodynamic and oxygen transport 
variables on postoperative complications in patients 
undergoing esophagectomy for carcinoma. They dem-
onstrated that low oxygen delivery during the fi rst 
12 hours after esophagectomy is associated with the risk 

of a  complication and may lead to the earlier diagnosis 
of a potentially fatal complications, such as anastomotic 
leak and severe pneumonia. Therefore, oxygen delivery 
should be monitored carefully immediately after esopha-
gectomy to predict severe postoperative complications. 

 At the very least, measurement of arterial oxygen 
saturation should be routine in the early postoperative 
period following esophagectomy, and arterial oxygen 
saturation levels should be used to titrate the amount 
given as a supplement either by face mask (5–10 l/min) or 
nasal cannula (1–6 l/min) with the main arterial oxygen 
saturation above 90% (30) The addition of supplemen-
tal oxygen after esophagectomy has many advantages, 
including the maintenance of an adequate cardiac and 
central nervous system function, since improving oxy-
hemoglobin saturation in patients with hypoxemia has 
been shown to reduce the incidence of cardiac arrhyth-
mias, myocardial ischemia, and mental confusion; more 
rapid postoperative rewarming (31); a reduction in the 
incidence of nausea and vomiting (32); and lower wound 
infection rates (33–34). 

 Timing of Extubation 

 There is a considerable institutional variation in the 
duration of postoperative ventilation after esophagec-
tomy, though the trend is toward early extubation in 
the operating room. Before the advent of thoracic epi-
dural analgesia, the majority of the studies suggested 
that results after esophagectomy were better following 
a period of postoperative ventilation, some for up to 
2 days (35). However, postoperative ventilation has not 
been shown to reduce respiratory complications after 
abdominal surgery in elective high-risk patients (36). 
Furthermore, there are potential problems associated 
with this approach including progressive deterioration 
in lung compliance, functional residual capacity, risk of 
aspiration, and sedation-related side effects. Weaning in 
the intensive care unit is often prolonged and diffi cult in 
mechanically ventilated patients, and is exacerbated by 
decreasing respiratory muscle strength in malnourished 
patients, with a tendency to develop muscle atrophy (37). 
As a result, mechanical ventilation after esophagectomy 
is associated with increased morbidity and mortality. 

 Over the last decade, with the advent of thoracic 
epidural analgesia, improved algorithms for fl uid man-
agement and reduced operative time, early extubation 
has been advocated to reduce morbidity, mortality, 
and cost after esophagectomy (38–41). Early extuba-
tion after esophagectomy and reconstruction reduces 
intensive care unit stay and postoperative respiratory 
complications and does not lead to an increased risk 
of reintubation, especially when a thoracotomy is not 
performed (39–42). 
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 Certainly there are specifi c conditions, such as car-
diac instability, compromised myocardial function or 
perioperative infarction, acute lung injury, airway im-
pairment due to edema or bleeding, severe neurologic 
impairment, or continued bleeding with high likelihood 
of returning to the operating theater, that could require 
continued ventilation support and intubation (38). Even 
after excluding these conditions, besides the normal cri-
teria for extubation (being awake, adequate airway pro-
tection, and presence of cough refl ex), these patients are 
at high risk for respiratory failure, and consideration for 
postoperative intubation should be given (43). 

 PREVENTION OF ARRHYTHMIAS 

 Supraventricular tachyarrhythmias, especially atrial fi -
brillation, have been described as occurring in 13% 
to 46% of all patients undergoing esophagectomy (44). 
While their development is associated with increase inci-
dence of pulmonary complication, anastomotic leakage, 
surgical sepsis (43), many do not have other associated 
complications. Several factors have been identifi ed as con-
tributing to arrhythmias, such as age, history of chronic 
obstructive pulmonary disease (COPD) and cardiac dis-
ease, hypovolemia, fl uid overload, electrolyte shift. Al-
though the reasons for the increased risk of arrhythmias 
after esophagectomy are not well known, several hy-
potheses have been formulated, including loss of normal 
sinus node pacemaker cells with age, and irritation of 
the right side of the heart and pulmonary veins from sur-
gery, injury, and/or infl ammation of the vagal nerve (43). 
The infl ammatory response to the sympaticovagal nerve 
fi bers of the heart following surgical trauma may alter 
the autonomic modulation of atrial myocardial cells to 
endogenous cathecolamines. Thus, postoperatively the 
usual increased sympathetic tone can shorten the atrial 
refractory period and cause atrial reentry or trigger 
automaticity leading to arrhythmias. This explains why 
drugs that attenuate the adrenergic response to surgery, 
such as beta-blockers, are frequently used effectively to 
reduce arrhythmias after esophagectomy. Additionally, 
sympathetic blockade by thoracic epidural analgesia can 
reduce the occurrence of arrhythmias; in fact, in one 
study, atrial fi brillation was seen more frequently after 
the epidural catheter was removed (45). 

 The physiologic impact of a new-onset arrhythmia 
after esophagectomy depends upon ventricular response 
rate, duration of arrhythmia, and underlying cardiac 
function. Although most of the literature regarding man-
agement of postoperative arrhythmias is in the setting of 
cardiac surgery, it is reasonable to apply these fi ndings in 
the non-cardiac setting. 

 Atrial fi brillation generally occurs 2 to 4 days after 
the operation (46–47), and episodes tend to be transient, 

frequent, and recurrent. Over 80% of patients with new-
onset arrhythmias revert to sinus rhythm prior to dis-
charge (47–51). In 20% to 30% of cases, no therapeutic 
intervention is required (48–50). Hemodynamic com-
promise is uncommon and few patients require  urgent 
cardioversion (48–50). 

 Atrial fi brillation with a rapid ventricular response 
can worsen diastolic fi lling due to decreased fi lling time 
and loss of atrioventricular synchrony. For unstable 
patients who have hypotension, pulmonary edema, or 
unstable angina, urgent cardioversion is indicated. In-
travenous ibutilide, a class III antiarrhythmic agent, is 
effective in stopping atrial fi brillation and fl utter. It is an 
alternative for acute cardioversion in the hemodynami-
cally stable patient (52). 

 For patients who do not have hemodynamic com-
promise and who have atrial fi brillation lasting for more 
than 15 minutes, initiation of therapy to control the ven-
tricular rate is recommended. Intravenous beta blockers 
are a logical choice in postoperative patients with high 
sympathetic tone. In the AFFIRM study, beta- blockers 
were the most effective drug class for rate control, 
achieving the specifi ed heart rate endpoints in 70% of 
patients compared with 54% with use of calcium chan-
nel blockers (53). Beta-blockers should be initiated 
cautiously in patients with atrial fi brillation and heart 
failure who have reduced ejection fraction (54). 

 Intravenous calcium channel blockers (verapamil 
and diltiazem) are also a good choice for the control of 
heart rate in atrial fi brillation and, furthermore, they 
are the only agents that have been associated with an 
improvement in quality of life and exercise tolerance. 
Due to their short duration of action, they should be 
administered in a continuous infusion. They are usu-
ally  preferred for long-term use over beta-blockers in 
patients with bronchospasm or COPD (55). These agents 
should be avoided in patients with heart failure due to 
systolic dysfunction because of their negative inotropic 
effects (55). 

 Amiodarone is also effective for controlling the 
ventricular rate in patients with atrial fi brillation. It is 
usually considered a suitable alternative agent for heart 
rate control when conventional measures are ineffective 
(56). Digoxin has a delayed onset of action and works 
by increasing vagal tone. Thus, digoxin is typically inef-
fective for acute rate control in this setting because of 
its long onset of action; however, its one advantage is it 
does not drop the blood pressure (57). 

 Persistent atrial fi brillation is associated with in-
creased risk of stroke or transient ischemic attack after 
48 hours. Anticoagulation should be considered in this 
setting, weighing the potential benefi ts against the risk 
of postoperative bleeding (57). 

 Regarding the use of beta-blockers in the preopera-
tive, the most recent guideline for management of atrial 
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fi brillation states that unless contraindicated, treatment 
with a beta-blocker to prevent postoperative atrial fi bril-
lation is recommended for patients undergoing cardiac 
surgery (Class I. Level of Evidence: A) (55). 

 Since the incidence of atrial fi brillation after non-
cardiac surgery is fairly low, prophylactic beta-blockers 
are indicated only for high-risk patients. However, when 
patients are on beta-blockers preoperatively, postopera-
tive continuation is crucial (58). 

 DRAINAGE TUBES 

 Nasoenteral Tube 

 The use of nasoenteral tube for draining reconstructive 
organs after esophageal reconstruction is fairly standard 
practice for most surgeons. There is, however, little evi-
dence to support its use. The theoretic benefi ts include: 
(a) decompression of the conduit to reduce the stress on 
staple lines and anastomosis, (b) providing an assess-
ment of the degree of emptying of the reconstructive 
organ, (c) preventing accumulation of saliva, bile, and 
enteric secretions in the reconstructive organ, which can 
predispose to aspiration, and (d) possibility of use as a 
stent in a narrowed or infl amed anastomosis. However, 
nasoenteric tubes also have several potential drawbacks. 
They are uncomfortable and substantially interfere with 
the patient’s quality of life while in place. A tube can 
cause erosion of the conduit if it is left for extended peri-
ods. Nasoenteral tubes also adversely affect pulmonary 
toilet exercises, leading to an increased risk of pneumo-
nia. Finally, nasal alar pressure necrosis is a disfi guring 
and permanent complication of these tubes that is avoid-
able by properly securing the tube. 

 The timing of tube removal is variable, usually 
 depending on surgeon’s beliefs and personal preferences. 
Some surgeons prefer to leave the tube in until a con-
trast radiograph is performed, to rule out anastomotic 
leak and adequate emptying of the reconstructive organ. 
More surgeons, however, are removing the tube early 
based on the absence of abdominal distension, the pres-
ence of bowel sounds, evidence for bowel activity, and 
low outputs from the tube, which is often possible in the 
fi rst 2 to 3 days. This algorithm is the author’s prefer-
ence. It is important to highlight that early removal of 
nasoenteric tubes promotes the return of normal bowel 
activity and facilitates early restoration of oral intake. 

 Local Drains 

 The use of local drains near a cervical anastomosis after 
esophagectomy and reconstruction is another nearly 
universal practice with little evidence to support its use. 
A randomized trial studying this issue showed that rou-

tine drainage conferred no benefi t (59). Moreover, one 
report suggests that the risk of anastomotic leak is re-
duced if a drain is placed (60), while another showed 
that the presence of drain material in proximity to 
an esophagogastric anastomosis predisposes to anas-
tomotic leakage (61). In case of an anastomotic leak, 
whether placement of a drain decreases the likelihood of 
catastrophic complications is unknown. However, it is 
true that some small leaks are controlled by these drains, 
thus requiring no further intervention. 

 Chest Tubes 

 Thoracostomy tubes are routinely placed when a tho-
racotomy is used as part of esophagectomy, and they 
are sometimes used when the pleura has been violated 
during transhiatal esophagectomy. The use of such tubes 
should be avoided whenever possible because of the risk 
of complications such as injury of the intercostal neuro-
vascular bundle, associated pain that interferes with ad-
equate pulmonary toilet postoperatively, and infectious 
risks from foreign bodies. Thoracostomy tubes should 
be used only to drain blood/fl uid as well as air to allow 
complete lung expansion. Pleural effusions are common 
after esophagectomy; thus, consideration of thoracente-
sis or tube thoracostomy is often given. Our criteria used 
to removal of thoracostomy tubes are: the patient is not 
on positive pressure ventilation; there has been no air 
leak through the tube for at least 24 hours; and volume 
output is less than 250 ml/day. 

 It is uncommon for an intrathoracic or cervical 
anastomotic leak to be effectively drained by a standard 
thoracostomy tube placed at the time of esophageal 
reconstruction, since adhesions form quickly postop-
eratively and seal the tube tract from the region of the 
anastomosis. Therefore, leaving a thoracostomy tube in 
place for this purpose or until a contrast radiograph is 
performed should be discouraged. Moreover, placing the 
tube in close proximity to the anastomosis increases the 
risk of erosion and posterior leak. 

 NUTRITION 

 There is wide consensus that, after surgery, early oral/
enteral feeding preserves gut integrity, maintains immu-
nocompetence, reduces clinical infections, and acceler-
ates wound healing (62–67). Because of the proximal 
anastomosis after esophagectomy, patients are usu-
ally restricted from taking anything by mouth for 4 to 
7 days. This is very detrimental for all the aforementioned 
benefi t mechanisms of enteral nutrition. Moreover, con-
sidering that a signifi cant proportion of patients who 
undergo an esophagectomy and reconstruction present 
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with signifi cant weight loss and feeding problems as a 
result of an obstructing tumor (43), adequate nutrition 
is an even more important issue. 

 Beginning as early as the 1940s, several techniques 
for parenteral and enteral nutrition were devised that 
helped reverse negative nitrogen balance after major sur-
gery. Nutritional repletion prior to major surgery has 
been shown to reduce postoperative complications and 
mortality; however, these benefi ts are only evident for 
the most seriously malnourished patients (68–69). As 
such, the use of postoperative nutritional therapy is gen-
erally recommended for several patients’ settings: those 
who are severely malnourished (defi ned as > 15% weight 
loss accompanied by major organ dysfunction) prior to 
surgery, those who have severe complications, and those 
who are not expected to be able to eat adequately within 
7 to 10 days after their operation (70). 

 Since a substantial number of patients will fi t into 
one of these categories, a strategy is necessary to ensure 
nutritional supplementation if needed. The choice comes 
down to total parenteral nutrition (TPN) versus the 
routine placement of a feeding jejunostomy tube at the 
time of resection. The choice between TPN and enteral 
nutrition (EN) is debatable. The cost of TPN is at least 
10 times that of EN and requires sophisticated nursing 
and biochemical monitoring. Furthermore, TPN is asso-
ciated with several complications, including pneumotho-
rax, vascular injury, air embolism, catheter embolization, 
venous thrombosis, catheter malposition, multiple and 
complex metabolic disturbances, line sepsis, infection at 
skin site, disruption of the intestinal microfl ora, intestinal 
bacterial translocation, impaired gut immune function. 
So too are there complications related to jejunostomy, 
including aspiration pneumonia, peritonitis, intestinal 
obstruction, jejunal necrosis, and pneumatosis intestinale 
(71–74). Several groups reported a jejunostomy-related 
mortality rate of between 4% and 10%, with a corre-
sponding morbidity of between 45% and 82% (71–73). 
While these rates seem high and are not specifi cally for 
esophagectomy patients, neither course (TPN or EN) 
should be consider to be low risk. Our own practice is 
to place a small-caliber feeding jejunostomy that is used 
only if severe complications occur necessitating alterna-
tive nutritional support or for patients who are slow to 
resume adequate oral intake, which usually can be done 
in 7 to 8 days. Certainly, patient comorbid conditions 
will affect how aggressively to start jejunal feedings. 

 ANTIBIOTICS 

 Esophageal reconstructive surgery is classifi ed as a 
clean contaminated procedure. However, patients who 
undergo an esophagectomy often have a compromised 
nutritional status, require invasive catheters in the early 

postoperative period, and have the usual risk of infec-
tion at the surgical sites. Thus, judicious use of antibiot-
ics and adequate nutrition help prevent infection (43). 

 It has been demonstrated that patients who un-
dergo this type of operation will benefi t from periopera-
tive systemic antibiotics (75). Use of an antibiotic dose 
just prior to beginning the operation and maintenance 
of adequate antibiotic levels throughout the operation 
(by appropriate redosing) reduces wound infection rates 
and may lessen the incidence of other infectious compli-
cations (76). There is no benefi t in the use of extending 
antibiotic administration after the operation. 

 RADIOGRAPHIC IMAGING 

 Upper Gastrointestinal Images 

 Routine use of upper gastrointestinal images (UGI) after 
esophagectomy is common practice and is usually done 
5 to 7 days after surgery. Postoperative contrast radio-
graphs assess anatomic and functional components after 
esophageal reconstruction providing useful information 
regarding the anatomy of the reconstruction since they 
are able to show stricture of the anastomosis, redun-
dancy of the reconstruction, and any narrowing where 
the reconstruction crosses the level of the diaphragm. 
Furthermore, they provide some information regard-
ing the completeness of emptying (77). The other rea-
son to do these X-rays is to assess for a subclinical leak, 
though its use for this purpose is clearly debatable, since 
many surgeons consider the absence of clinical signs of 
an anastomotic leak as a lack of need for any type of 
intervention. 

 When a contrast radiograph is done, a water-
soluble contrast agent is generally used as the contrast 
medium of choice, since they have no known deleteri-
ous effects on the neck, mediastinum, pleural cavity, or 
peritoneal cavities, and are absorbed rapidly from these 
extraluminal spaces if a leak is present (78–81). How-
ever, water-soluble contrast agents are less radiopaque 
than barium and less adherent to sites of leakage, limit-
ing their ability to depict perforations, particularly if the 
perforations are subtle (78–81). Some studies reported 
that when using water-soluble contrast agents, the false 
negative incidence was up to 40%, and moreover, such 
agents produce important pneumonitis if they are acci-
dentally aspirated during the swallow (82–83). 

 The use of barium-sulfate, either full strength or 
diluted, improves the accuracy of leak detection and 
produces a much lower risk of pulmonary complica-
tions if accidentally ingested (84). Although more of 
the demonstrated leaks are clinically unimportant, some 
authors claimed that its discovery changes the patient’s 
 management. Swanson et al. (85) reported that in 53% of 
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the patients with leaks detected only on images  obtained 
with barium, the patient’s management changed. Some 
surgeons have concerns that, if a leak is discovered, 
barium will be retained in the neck or mediastinum, 
which may interfere with healing or with subsequent 
 radiographic evaluation of healing (86). However, some 
authors suggest that the presence of barium in a fi stula 
tract encourages the development of granulation tissue 
and hastens closure of the fi stula (77). 

 A different question revolves around the appropri-
ate evaluation when an anastomotic leak is suspected 
clinically. An UGI is often quicker to do and does not 
require IV contrast with the inherent risks to kidneys. 
However, the false-negative rate of an UGI diminishes 
its utility as a single assessment. Besides the aforemen-
tioned potential problems with these studies, the use of 
barium and high ionic concentration contrast agents 
complicates the ability to get a CT scan. As a result, the 
differential diagnosis and index of suspicion for leak 
or other complications should be carefully considered 
when selecting a diagnostic study. 

 Chest X-Ray 

 In the immediate postoperative period, the gastric conduit 
is collapsed and projected as a soft tissue density adjacent 
to the cardiac border, either to the right, if access has been 
via the right chest or transhiatally, or to the left, if ac-
cess has been via the left chest (87). For a certain period 
following surgery, there may be fl uid within the pleural 
space, but delayed development of pneumothorax or hy-
dropneumothorax may herald the presence of a leak. 

 Computed Tomography 

 The role of computed tomography (CT) is predominantly 
in assessing symptomatic postoperative complications. 
Imaging is performed post administration of intravenous 
contrast and, if possible, oral contrast medium. Imag-
ing must include the chest and upper abdomen. In the 
 immediate postoperative period, there are often locules 
of pleural air related to chest drains. Features of leak on 
CT are represented by signs of mediastinitis: mediastinal 
air, fl uid collections, or a combination of these. Pleural 
effusions are common. Empyema may be indicated by 
pleural enhancement, loculations, and pleural adhesions 
(87). To date, there is not literature to support the use of 
CT scan over UGI in the detection of leaks. 

 ANTICOAGULATION 

 Venous thromboembolism (VTE) that manifests as deep 
vein thrombosis (DVT) or pulmonary embolism (PE) is a 

common complication of cancer (88–91) and is very im-
portant in the management of patients with esophageal 
cancer for several reasons. Patients with cancer have a 
4-fold increased risk of developing VTE compared with 
individuals without cancer (92–93). Furthermore, can-
cer patients with VTE have a higher mortality rate than 
cancer patients without VTE, a consequence of both the 
thrombosis and the apparently more aggressive nature 
of cancer that is associated with VTE (94). The risk of 
VTE complications is further increased in patients who 
undergo cancer-related surgery (95–98) because cancer-
related operations activate the body’s clotting cascade 
and often involves venous trauma, and because patients 
tend to be immobilized for prolonged periods. Finally, 
cancer treatments (chemotherapy, radiation, etc) and the 
use of central venous catheters further heighten the VTE 
risk for cancer patients undergoing surgery (88). 

 For patients undergoing surgery for cancer, the inci-
dence of venographically observed DVT may be as high 
as 20% to 40% in the absence of prophylaxis,  rising 
to 40% to 60% in patients with additional risk factors 
(91). 

 The most commonly used thromboprophylaxis 
regimen consists of a single preoperative dose of unfrac-
tionated heparin (UFH) or low-molecular weight hepa-
rin (LMWH) continuing with subcutaneous doses every 
8 to 24 hours postoperatively. Several studies have been 
performed to compare the effectiveness of UFH versus 
LMWH in patients with a malignancy. The prospec-
tive, randomized, double-blind multicenter Enoxaparin 
in Cancer (ENOXACAN) study (99) involved high-risk 
patients who were undergoing elective curative abdomi-
nal or pelvic surgery for cancer. A 40 mg once-daily dose 
of the LMWH, enoxaparin, initiated 2 hours before sur-
gery, was found to be as effective and as safe as UFH 
given 3 times daily, initiated 2 hours before surgery, for 
the prevention of VTE. 

 The optimal duration of thromboprophylaxis 
in patients with cancer remains the subject of debate. 
Traditionally, thromboprophylaxis is given for the 7 to 
10 days in the postoperative period, while the patient 
is in the hospital. However, there is evidence to suggest 
that late thrombotic events can occur up to 7 weeks after 
the procedure has been performed. The ENOXACAN 
II double-blind study (100) was set up to compare the 
effi cacy and safety of extended prophylaxis with con-
ventional 1-week prophylaxis in patients undergoing 
elective surgery for abdominal or pelvic cancer. The 
study demonstrated that high-risk patients with can-
cer experience a 60% reduction in the relative risk of 
venographically detected VTE after a 4-week period of 
prophylaxis with enoxaparin at 40 mg once-daily sub-
cutaneous, compared with the 1-week regimen. There 
was no signifi cant difference between both regimens in 
the incidences of bleeding at both 4 weeks and 3 months 
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after surgery. As a result, many surgeons are treating 
patients with extended prophylaxis, as provided in this 
trial, for patients with esophageal cancer. 

 Mechanical prophylaxis is recommended for 
 patients who have a contraindication to anticoagulant 
prophylaxis or a high risk of bleeding (91). It includes 
early and frequent ambulation, graduated compres-
sion stockings, and intermittent pneumatic compression 

 devices. Although no mechanical prophylaxis measure 
has been shown to reduce the risk of death or PE, there 
is evidence that effi cacy may be improved when mechan-
ical prophylaxis is used in combination with anticoagu-
lant prophylaxis (91). For those at highest risk, such as 
patients with prior history of thromboembolic disease or 
risk of bleeding, temporary/removable vena caval fi lters 
can be placed. 
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nless it is detected at its earliest 
stages, esophageal cancer—either 
squamous or adenomatous—is a 
serious and commonly lethal ma-
lignancy. In 2004, the estimated 

incidence in the United States was 14,250 and the es-
timated mortality was 13,300. It is the seventh leading 
cause of cancer death among men in the United States, 
accounting for 4% of total male cancer deaths. In the 
30 years after the early 1970s, 5-year overall survival 
for all stages of esophageal cancer improved, increasing 
from 5% to 8% ( P  < .05), but, with the high death rate, 
better treatment modalities are greatly needed (1). 

 Progress in the treatment of esophageal cancer 
with radiotherapy, chemotherapy, and surgery has been 
slow since the early 1980s. Regrettably, the majority 
of patients with esophageal cancer present with locally 
advanced disease involving tumors that either extend 
through the wall of the esophagus or involve regional 
lymph nodes or distant metastases. For patients with-
out metastatic disease at diagnosis, trimodality therapy 
(radiotherapy, chemotherapy, and surgery) has gained 
increasing acceptance since the publication of the re-
sults of a randomized control trial in Dublin by Walsh 
et al. (2). The results showed a signifi cant improvement 

in survival among patients receiving neoadjuvant radio-
therapy and chemotherapy before resection compared 
with those who underwent only surgery. Previously, 
the Radiation Therapy Oncology Group (RTOG) had 
shown that radiotherapy in combination with chemo-
therapy had greater effi cacy than radiotherapy alone in 
the treatment of locally advanced esophageal carcinoma 
(3). Although these studies did show improvement with 
greater intensity of therapy, the majority of the patients 
still succumbed to metastatic disease, often within a 
short period. However, a subset of long-term survivors 
after trimodality therapy or radiotherapy in combina-
tion with chemotherapy does demonstrate the utility 
of such treatment despite potential toxicity. The opti-
mal sequencing of modalities, as well as the necessity 
of combining radiotherapy, chemotherapy, and surgery, 
remains to be determined. The majority of clinical trials 
reported to date have not had suffi cient statistical power 
to convincingly answer this question (4). However, the 
early advances shown with the use of multiple modali-
ties in the treatment of this malignant disease suggest 
that the use of intense treatment regimens will continue 
in the foreseeable future. 

 Although a greater intensity of therapy has im-
proved long-term outcomes, it has been accompanied 

U 
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by considerable toxicity and, at times, higher mortal-
ity. The combination of radiotherapy, chemotherapy, 
and surgery can exacerbate the negative aspects of each 
modality. Patients undergoing trimodality therapy typi-
cally experience some measure of esophagitis, nausea, 
vomiting, decreased blood cell counts, and susceptibility 
to neutropenic infection, anorexia, weight loss, or other 
acute effects. In the long term, radiotherapy carries the 
risk of injury to the lungs, heart, spinal cord, vertebral 
bodies, small bowel, or other organs within the radia-
tion fi eld. Surgical excision of the tumor is a signifi cant 
undertaking with its own associated morbidity and po-
tential mortality, which may be exacerbated by other 
treatment modalities and patient comorbidities. This is 
well documented in reports from large randomized clini-
cal trials. 

 The RTOG 85–01 trial compared a regimen of 
 external beam radiotherapy (5,000 cGy) along with 
5-fl uorouracil (5-FU) (1,000 mg/m 2  of body surface area 
daily for 4 days) and cisplatin (75 mg/m 2  on the fi rst day) 
with a regimen of radiotherapy alone (to a total dose of 
6,400 cGy) in patients with squamous cell carcinoma 
or adenocarcinoma of the thoracic esophagus. More pa-
tients in the combined-modality group (33% vs. 18% 
of the patients who received only radiotherapy) experi-
enced severe or life-threatening (grade 3 or 4) complica-
tions involving the upper aerodigestive tract in the acute 
phase of treatment and its aftermath. Grade 3 or 4 hema-
tologic toxicity affected 48% in the combined-modality 
group and 3% in the radiotherapy-alone group. Overall, 
grade 4 toxicity was reported for 20% of the patients in 
the combined-modality group and for only 3% in the ra-
diotherapy-alone group. Grade 3 toxicity was reported 
for 44% of the patients in the combined-modality group 
and for 25% in the radiotherapy-alone group. However, 
this increased toxicity in the combined-modality group 
was accompanied by an increase in survival at 2 years 
of 38% (vs. 10% for the radiotherapy-alone group) (5). 
In the long term, among patients receiving combined-
 modality therapy, 20% had grade 3 esophageal compli-
cations and 2% had grade 4 complications, and 4% had 
grade 3 hematologic toxicity and 2% had grade 4 toxic-
ity. Long-term toxicity was similar, however, for esopha-
geal injury in the radiotherapy-alone group, with 19% 
of the patients experiencing grade 3 or 4 toxicity (6). 

 The addition of combined-modality therapy before 
surgery clearly increases short-term patient morbidity, 
but whether this affects surgical morbidity and mortal-
ity is unclear. The results from the Medical Research 
Council esophageal cancer trial, as well as others, have 
not shown an increase in postoperative complications 
or postoperative deaths. The Medical Research Coun-
cil study reported no statistically signifi cant difference 
in nonfatal postoperative complications (overall rate, 
41% in the combined-modality therapy group and 42% 

in the surgery-alone group). The rate of postoperative 
deaths was similar in both groups (10%), but 3% of 
the patients in the combined-modality therapy group did 
die before surgery could be undertaken. Reported toxici-
ties in this trial are similar to those of the RTOG trial, 
with patients receiving combined-modality therapy ex-
periencing neutropenia, mucositis, stomatitis or mouth 
ulcers, nausea, and vomiting (7). 

 The study by Walsh et al. (2) demonstrated similar, 
although less toxic, results. In that study, patients re-
ceived 40 Gy of preoperative external beam radiotherapy 
along with 5-FU (15 mg/kg daily for 5 days) and cisplatin 
(75 mg/m 2  of body surface area on day 7 of weeks 1 and 6). 
Preoperatively, 10% of the patients in the multimodality 
regimen had grade 3 toxicity, as defi ned by the World 
Health Organization criteria, and 2 patients had grade 
4 toxic reactions: one cardiac and the other involving 
the digestive tract. One patient had fatal bleeding due to 
tumor hemorrhage during combined-modality therapy. 
Postoperatively, the rates of respiratory complications 
and cardiac complications were similar between patients 
who received radiotherapy and chemotherapy preop-
eratively and those who did not. This study reported 
5 deaths during hospitalization among the patients re-
ceiving combined-modality therapy and 2 postoperative 
deaths among patients undergoing surgery alone (2). 

 Less well documented are issues relating to patient 
quality of life, fatigue, depression, or fi nancial concerns 
associated with the increase in intensity of therapy. 

 ESOPHAGITIS 

 Esophagitis is a common complication among esopha-
geal cancer patients undergoing radiotherapy. With 
standard fractionation, the symptoms usually begin 2 to 
4 weeks after the start of therapy; they can be very chal-
lenging to manage near the end of treatment. Patients 
with esophagitis initially present with dysphagia that re-
quires dietary modifi cations. Malnutrition, dehydration, 
and the eventual need for a feeding tube occur in up to 
74% of the patients during treatment (8). The degree 
of radiation-induced esophagitis is dependent on frac-
tionation, total dose, volume of esophagus treated, and 
choice of chemotherapy. 

 Dysphagia and odynophagia are common initial 
symptoms in patients undergoing radiotherapy. Ob-
taining a thorough history is critical before attributing 
symptoms to esophagitis. Because the mean age of pa-
tients at diagnosis is 69 years, life-threatening causes 
such as cardiac ischemia need to be considered in the 
differential diagnosis (9). If dysphagia is attributed to 
radiation- induced esophagitis, the history and physical 
examination, including vital signs, are important for 
assessing the patient’s nutritional and hydration status. 
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 Patients with mild esophagitis are encouraged to con-
sume adequate fl uids and a relatively soft diet. Mild 
forms of pain medications may be necessary initially for 
dysphagia. Medications commonly used include Had-
dad’s solution (mixture of equal parts of liquid simethi-
cone, diphenhydramine, and lidocaine) and Capital’s 
solution (acetaminophen, 120 mg, and codeine, 12 mg 
in 5 mL). 

 With higher doses of radiation, the esophageal 
mucosa continues to break down, creating areas of ul-
ceration or pseudomembrane formation. Patients fre-
quently report worsening dysphagia and pain, resulting 
in reduced oral intake of fl uids and poorer nutrition. 
An average adult needs to consume 2 L of fl uid per day 
to maintain adequate kidney function (10). Increased 
water intake is required in patients who are undergoing 
chemotherapy. A decrease in blood pressure with stand-
ing, reduced skin turgor, thirst, dizziness, and fatigue 
are common signs and symptoms of moderate to severe 
dehydration. Mild to moderate dehydration can be man-
aged with better control of pain to improve oral intake. 
Stronger pain medications such as liquid oxycodone are 
commonly prescribed during this phase of esophagitis. 

 Patients with more severe dehydration often have 
orthostatic hypotension or dizziness (or both). Oral in-
take is further compromised by nausea and vomiting 
related to decreased profusion of vital organs. Intra-
venous fl uid supplements must be provided on either an 
outpatient basis or an inpatient basis, depending on the 
severity and other comorbid health problems. 

 Patients’ nutritional reserves are greater than their 
fl uid reserves. A well-nourished adult can use nutri-
tional reserves for up to 2 weeks before needing medi-
cal intervention. Nutrition is monitored and assessed 
weekly during radiotherapy. Patients who initially re-
port solid food dysphagia due to their esophageal can-
cer commonly report improvement in their swallowing 
ability during the fi rst half of their radiotherapy. As the 
absorbed radiation dose increases, the mucosal damage 
eventually leads to pain, gradual onset of dysphagia and 
odynophagia, and a resultant decrease in nutritional 
intake. Consultation with a dietitian and intake of a 
softer diet is the most common approach in initial man-
agement. Continued monitoring of the patient’s weight 
throughout treatment is important in assessing the pa-
tient’s nutritional status. 

 Placement of a percutaneous endoscopic jejunos-
tomy (PEJ) or percutaneous endoscopic gastrostomy 
(PEG) tube should be considered for patients who fre-
quently need intravenous hydration or who lose weight 
despite conservative intervention. Feeding tubes pose 
an increased risk of cellulitis, nausea and vomiting, and 
formula-associated diarrhea or constipation. Regular 
visits with a dietitian are necessary while using a feed-
ing tube to ensure an adequate nutritional level. Patients 

continue to have treatment-related discomfort requiring 
pain medications. Some medications, such as oxycodone, 
are available as a liquid; medications that do not have a 
liquid form can be fl ushed with water. Long- acting pain 
medications, such as the fentanyl transdermal system, 
can be used for extended relief. 

 Parenteral nutrition is not recommended for pa-
tients with esophagitis alone. In a meta-analysis of 82 
randomized controlled trials, the American Gastroen-
terological Association released a technical review of 
the clinical effi cacy of parenteral nutrition (11). Subjects 
in 19 of the trials were oncology patients, with 3 trials 
involving radiotherapy. The meta-analysis discouraged 
parenteral nutrition since it does not alter the survival 
of patients receiving radiotherapy or chemotherapy and 
there appears to be a clinically signifi cant risk of infec-
tious complications. 

 The side effects of radiotherapy on nutrition and 
hydration continue for many weeks, with the most se-
vere effects peaking between the last weeks of radio-
therapy and 2 weeks after treatment. Patients should be 
counseled on the effects of esophagitis, with the expecta-
tion that adverse effects may continue for many weeks. 
Information on dehydration and malnutrition should 
be reviewed with symptoms that warrant medical at-
tention. Esophageal cancer patients are prone to have 
many complications, so that a cooperative, integrated, 
multispecialty evaluation and management are needed 
to ensure that the patients receive the highest quality of 
care. 

 NAUSEA, VOMITING, AND DIARRHEA 

 Gastrointestinal tract toxicity manifesting as nausea, 
vomiting, or diarrhea affects most patients during treat-
ment of esophageal cancer. Nausea, vomiting, or diar-
rhea of grade 2 or less are reported to occur in 56% 
to 94%, 56% to 93%, and 23% to 97% of patients, 
respectively. Nausea, vomiting, or diarrhea of grade 3 
or 4 (severe toxicity) occur in 5% to 12%, 5% to 10%, 
and 1% to 4% of patients, respectively (2,5,12–15). 
Management of these side effects is crucial to the timely 
completion of therapy without treatment interruptions 
or deterioration in performance status. 

 Cisplatin has been classifi ed as a high-risk (> 90%) 
emetogenic agent, and 5-FU has been classifi ed as a low-
risk (10%–30%) agent (16). Chemotherapy-induced 
nausea and vomiting has been classifi ed as delayed, 
anticipatory, breakthrough, or acute (between 24 and 
120 hours) (17). Initial nonpharmacologic procedures 
include avoidance of aggravating foods and use of oral 
rehydration. However, the following discussion fo-
cuses on pharmacologic treatments of acute nausea and 
vomiting. 
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 There are 5 classes of pharmacologic agents used for 
the treatment of chemotherapy-induced nausea and vom-
iting: dopamine antagonists, corticosteroids, serotonin 
antagonists, neurokinin antagonists, and cannabinoids 
(Table 77.1). The current routine usually involves a com-
bination of a serotonin antagonist, corticosteroids, and 
a neurokinin antagonist. The serotonin receptor antago-
nists such as ondansetron, granisetron, and  dolasetron 

have equivalent effi cacy and safety profi les and can be 
substituted for one another (17). The neurokinin antago-
nists are a new class of antiemetics. Aprepitant is the 
fi rst member of this class to gain regulatory approval. 
This drug acts in the brainstem emetic center and in 
the gastrointestinal tract. Corticosteroids (dexametha-
sone and methylprednisolone) are also highly effective, 
especially in the prevention of chemotherapy-induced 

TABLE 77.1
 Summary of Antiemetic Regimens in Oncology 

Recommendation category Current recommendations

Specific emetic risk category

High (>90%) emetic risk The 3-drug combination of a 5-HT3 serotonin receptor antagonist, dexamethasone, and 
aprepitant is recommended before chemotherapy. For all patients receiving cisplatin and 
all other agents of high emetic risk, the 2-drug combination of dexamethasone and apre-
pitant is recommended. The Update Committee no longer recommends the combination 
of a 5-HT3 serotonin receptor antagonist and dexamethasone on days 2 and 3. 

Moderate (>30%–90%) 
emetic risk

The 3-drug combination of a 5-HT3 serotonin receptor antagonist, dexamethasone, and 
aprepitant is recommended for patients receiving AC. For patients receiving chemother-
apy of moderate emetic risk other than AC, the 2-drug combination of a 5-HT3 receptor 
serotonin antagonist and dexamethasone is recommended. For patients receiving AC, 
aprepitant as a single agent is recommended on days 2 and 3. For all other chemothera-
pies of moderate emetic risk, single-agent dexamethasone or a 5-HT3 serotonin receptor 
antagonist is suggested for the prevention of emesis on days 2 and 3. 

Low (10%–30%) emetic risk Dexamethasone, 8 mg, is suggested. No routine preventive use of antiemetics for de-
layed emesis is suggested. 

Minimal (<10%) emetic risk No change from the original guideline. No antiemetic should be administered routinely 
before or after chemotherapy. 

Chemotherapy

Combination chemotherapy No change from the original guideline. Patients should receive antiemetics appropriate 
for the chemotherapeutic agent of greatest emetic risk. 

Multiple consecutive days 
of chemotherapy

No change from the original guideline. It is suggested that antiemetics appropriate for 
the risk class of the chemotherapy, as outlined above, be administered for each day of 
the chemotherapy and for 2 days after, if appropriate. 

Antiemetic agents

Lower therapeutic index For persons receiving chemotherapy of high emetic risk, there is no group of patients for 
whom agents of lower therapeutic index are appropriate first-choice antiemetics. These 
agents should be reserved for patients intolerant of or refractory to 5-HT3 serotonin re-
ceptor antagonists, NK1 receptor antagonists, and dexamethasone. 

Adjunctive drugs Lorazepam and diphenhydramine are useful adjuncts to antiemetic drugs but are not 
recommended as single agents. 

Combinations of antiemetics It is recommended that 5-HT3 serotonin receptor antagonists be administered with dexa-
methasone and aprepitant in patients receiving chemotherapy of high emetic risk and in 
patients receiving AC. A 5-HT3 serotonin receptor antagonist combined with dexametha-
sone should be used in patients receiving agents of moderate emetic risk other than AC. 

Abbreviations:  AC = anthracycline and cyclophosphamide; 5-HT3 = 5-hydroxytryptamine-3; NK1 = neurokin 1. From Kris et al (17). 
Used with permission. 
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 emesis. Dexamethasone is valuable when administered 
in combination with a serotonin receptor antagonist and 
aprepitant when cisplatin is being administered. Other 
drugs such as benzodiazepines (lorazepam and alpra-
zolam) and antihistamines (diphenhydramine) are useful 
adjuncts. 

 Current recommendations for patients receiving 
cisplatin are to administer serotonin receptor antagonists 
with dexamethasone and aprepitant (17). The American 
Society of Clinical Oncology recommendations recently 
changed for patients at least 24 hours after chemo-
therapy treatment from administering a combination of 
serotonin receptor antagonist and dexamethasone to ad-
ministering the 2-drug combination of dexamethasone 
and aprepitant (17). 

 Complicating matters is the fact that nausea and 
vomiting are not only the result of chemotherapy but 
also the result of radiotherapy to the upper abdomen 
and esophagus. For radiation-induced nausea, serotonin 
receptor antagonists are the mainstay of treatment, and 
daily administration is recommended during radiother-
apy (17). 

 The highest frequency of diarrhea occurs with 
bolus rather than infusional administration of 5-FU. 
Treatment should be tailored to the severity of the signs 
and symptoms. As appropriate, management should in-
clude hemodynamic support, parenteral nutrition, and 
antibiotics (Figure 77.1). Management should include 
nonpharmacologic and pharmacologic interventions 
to diminish diarrhea and clinical evaluations to assess 
fl uid volume status. Initial nonpharmacologic proce-
dures include avoidance of aggravating foods and oral 
rehydration.  

 Common pharmacologic interventions include the 
use of loperamide and diphenoxylate. Although both 
have a rapid onset of action, loperamide has been rec-
ommended in treatment guidelines for its superior ef-
fectiveness (18). Other second-line treatments are also 
available. Anticholinergic drugs can be effective but are 
not commonly used because of the unpleasant side-effect 
profi le. They can, however, be useful to relieve cramping 
associated with diarrhea. Deodorized tincture of opium 
and paregoric (camphorated tincture of opium) are both 
effective antidiarrheals as well. 

 NUTRITIONAL SUPPORT 

 During the course of combined-modality treatment for 
esophagus cancer, it is necessary to monitor the patients’ 
ability to maintain adequate hydration. As treatment-
related side effects such as nausea, vomiting, diarrhea, 
esophagitis, and anorexia persist, patients are at increased 
risk of dehydration and poor nutrition.  Nutritional 
 status can affect patients’ electrolyte balance, with the 

sequelae of symptoms associated with potentiating fl uid 
volume depletion. Proper fl uid intake, including water 
from food, is estimated at 1,600 mL per day. This is es-
sential to preserving patients’ hydration and subsequent 
quality of life during treatment. Therefore, fl uid volume 
status should be closely observed. 

 Providers should obtain a detailed history along 
with a physical examination when assessing patients for 
dehydration and malnutrition. Typical noninvasive pa-
rameters for assessing and monitoring hydration status 
include mucous membrane moisture, skin turgor, capil-
lary refi ll, orthostatic blood pressure, the amount and 
quality of urine output, thirst, and weight loss. Clinical 
manifestations of orthostatic hypotension may include 
symptoms such as dizziness, light-headedness or vertigo, 
fatigue, weakness, muscle spasms, quavering, headache, 
impaired cognition, blurred vision, nausea, and palpi-
tations. The more severe symptoms of abdominal pain, 
chest pain, confusion, and lethargy can also occur. It is 
important to remember that elderly patients’ signs and 
symptoms of dehydration may be nonspecifi c. As signs 
and symptoms of dehydration develop, fl uid volume 
defi cits should be replaced in a timely manner. The best 
avenue for rehydration in patients who have treatment-
related side effects is intravenous infusion (19). 

 The type of intravenous fl uid used for fl uid replace-
ment depends on the provider’s preference in addition to 
the likely electrolyte defi ciencies. Patients who are hy-
pernatremic may need dextrose in water or hypotonic 
saline solutions depending on the suspected source of 
water loss. Isotonic or hypertonic saline fl uid may be 
necessary for patients who are hyponatremic. Along 
with fl uid replacement, potassium supplementation may 
be necessary. The amount and rapidity of intravenous 
fl uid replacement depend on the patients’ cardiac status 
as well as overall health status (20). 

 The decision to place a feeding tube before or dur-
ing the initiation of combined-modality therapy can be 
problematic. Most patients have some degree of dyspha-
gia or odynophagia at the time of consultation. They 
will experience relief of dysphagia during radiotherapy 
and chemotherapy, with an increased ability to take in 
solids and liquids midway through the course of radio-
therapy. However, this is accompanied by treatment-
related esophagitis, anorexia, and other adverse effects 
that may make intake of adequate calories problematic. 

 Our current practice is to seek a multispecialty con-
sultation with gastroenterology, medical oncology, radia-
tion oncology, thoracic surgery, and possibly nutritional 
support professionals before the initiation of external 
beam radiotherapy and chemotherapy. At that time, the 
decision is made on whether to place an enteral feeding 
tube before treatment. Typically, the decision is based 
on an assessment of the patient’s performance status, 
daily caloric intake, and degree of weight loss. Patients 
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who have lost more than 10% to 15% of their weight 
because of the tumor and who have evidence of malnu-
trition should be particularly evaluated for intervention. 
Any decision to place a feeding tube should be made in 
conjunction with the patient’s thoracic surgeon to avoid 
compromising the planned resection and future anasto-
mosis. Initially, radiographically assisted placement of a 
PEJ feeding tube is considered; if this is unsuccessful or 
not feasible, surgical placement is an option. If neces-
sary, a PEG tube can be considered, but the exact place-
ment of the tube must be carefully considered to avoid 
future diffi culty with surgery. For patients who experi-
ence nausea and vomiting that is not manageable with 
medications, consideration should be given to placement 
of a feeding tube if these symptoms cannot be controlled 
with oral or intravenous antiemetics and if the patient 
cannot be adequately rehydrated with intravenous fl u-
ids. Additionally, refractory esophagitis, odynophagia, 
or dysphagia should also lead to consideration of a feed-
ing tube if the patient has signifi cant weight loss (> 10%) 
and other conservative measures fail. The majority of 
patients should be able to tolerate treatment with a 
combination of aggressive oral antiemetics as outlined 
above. 

 CHRONIC TOXICITY ISSUES 

 Cardiac complications after radiotherapy are well docu-
mented for various diseases such as breast cancer and 
Hodgkin’s disease. The correlation between chronic 
radiation injury and heart complications in patients 
with esophageal cancer is complicated by the overall 
poor prognosis, making this a less critical issue when 
compared with treating young patients with curable 
diseases. However, this is still an issue of concern in 
combined-modality therapy for patients with esopha-
geal cancer (either with primary therapy or with neo-
adjuvant or adjuvant therapy). This can be particularly 
diffi cult in lower esophageal and gastroesophageal junc-
tion tumors in which the tumor itself lies directly behind 
the cardiac ventricles. In these situations, conformal or 
intensity-modulated radiotherapy can decrease the dose 
delivered to the myocardium but make it impossible to 
completely avoid irradiation of the heart itself. Once 

again, although there is not a great deal of prospective 
evidence showing cardiac injury with esophageal irra-
diation, extrapolation from other studies does point out 
this risk. A study by Jagsi et al. (21) from the University 
of Michigan included 828 patients who received radio-
therapy for breast cancer over a 16-year period. The 10-
year cumulative myocardial infarction rates were 2.7% 
for left-sided irradiation in which the heart was poten-
tially treated and 1.2% for right-sided breast cancer. The 
overall incidence reported was low compared with more 
closely followed populations because of the methodol-
ogy of this study, but it does illustrate the increased risk 
of cardiotoxicity with cardiac irradiation. Additional 
fi ndings of increased risk are well documented with 
Hodgkin’s lymphoma irradiation as demonstrated by 
Hancock et al. (22) and others (23,24). A prospective 
study by Marks et al. (25) has demonstrated the use of 
myocardial scintigraphy and echocardiograms to iden-
tify left ventricular abnormalities after irradiation. 

 A more pressing concern in both the short term 
and the long term is pneumonitis. Radiation pneu-
monitis typically occurs between several weeks and 
6 months after the conclusion of thoracic radiotherapy. 
It probably occurs in 5% to 15% of patients treated 
defi nitively for lung cancer with life-threatening pneu-
monitis developing in a minority of those patients. It 
is characterized by a dry cough, dyspnea, and a char-
acteristic infi ltrate on computed tomography or chest 
radiography conforming to but not limited to the ra-
diation portal. Occasionally, the reaction can be severe 
and proceed to acute respiratory distress syndrome. An 
increased white blood cell count and sedimentation rate 
may be noted. These fi ndings can often make differen-
tiation from infectious pneumonia diffi cult, although 
both entities can coexist at the same time. The develop-
ment of the infl ammatory response associated with a 
lung infection may contribute to the cytokine cascade 
accompanying and propagating radiation pneumoni-
tis. Lung cancer patients are at risk of recurrent lung 
infections even without lung radiotherapy, so the dif-
ferential diagnosis is broad for a patient with dyspnea 
and radiographic abnormalities that develop after lung 
radiotherapy. Patients should be adequately treated for 
pneumonia when presenting with “radiation pneumo-
nitis” and a complete pulmonary work-up is in order. 

FIGURE 77.1

(See facing page) American Society of Clinical Oncology anti-diarrheal guidelines. Asterisk indicates that intensive outpatient 
management should be considered for radiation-induced diarrhea and for select patients with chemotherapy-induced diar-
rhea unless the patient has sepsis, fever, or neutropenia. CBC = complete blood cell count; CTC = common toxicity criteria; 
IV = intravenous; mcg = micrograms; RT = radiotherapy; SC = subcutaneous; TID = 3 times per day. (Modified from Kornblau S, 
Benson AB III, Catalano R, et al. Management of cancer treatment–related diarrhea: issues and therapeutic strategies.  J Pain 
Symptom Manage . 2000;19:118–129. Used with permission.)
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Bronchoscopy with bronchoalveolar lavage, bacterial 
and fungal cultures, and biopsies should be consid-
ered before committing the patient to long-term treat-
ment for a presumed diagnosis of pneumonitis due to 
radiotherapy. Treatment for mild cases consists simply 
of observation. Pulmonary symptoms typically resolve 
over 1 to 3 months. For more severe cases, long-term 
treatment with prednisone may be indicated. Predni-
sone should be given initially at 60 to 100 mg per day 
and continued until the symptoms improve. A very slow 
taper should be considered: decrease the daily dosage by 
10 mg per week, to 20 to 40 mg; then decrease the daily 
dosage by 10 mg every other week; then decrease it to 
5 mg per day for 2 weeks; then decrease it to 5 mg every 
other day for 2 weeks; and then stop the use of predni-
sone. If the dosage is tapered too quickly, patients may 
have a recurrence of symptoms. Consideration should 
be given to pneumocystis pneumonia prophylaxis with 
trimethoprim-sulfamethoxazole during long-term treat-
ment with corticosteroids. 

 With the widespread use of 3-dimensional treat-
ment planning, dose-volume histograms for estimat-
ing the risk of symptomatic pneumonitis have become 
an integral part of the fi eld design. Graham et al. (26) 
reviewed pneumonitis incidence in relation to various 
dosimetric parameters in 99 patients. They concluded 
that the percentage of lung volume that received a dose 
greater than 20 Gy (V20) best refl ected the risk of ra-
diation pneumonitis. A strong correlation was noted 
between the severity of pneumonitis and higher V20 
values. No fatal pneumonitic events were noted with a 
V20 less than 32%. The incidence of events rated grade 
3 to 5 increased to 23% with a V20 greater than 40% 
(Table 77.2). The authors concluded that plans with V20 
values of 35% to 40% should not be used. Tsujino et 
al. (27), from Hyogo Hospital in Japan, reported simi-
lar results. The only predictive factor for pneumonitis of 
grade 2 or greater in that study was V20. However, most 

recent  reports have emphasized the importance of the 
volume of lung receiving doses in the range of 10 to 13 
Gy having a greater importance in predicting pneumoni-
tis, which may have a greater infl uence on radiotherapy 
delivery in esophageal cancer (28–30). 

 CHEMOTHERAPY COMPLICATIONS 

 Since complications relating to chemotherapy adminis-
tration are varied, refl ecting the choice of agents used 
during multimodality therapy, a comprehensive review 
of potential toxicities is not possible in this chapter. 
However, in practice, the combination of 5-FU and cis-
platin is often used in this setting, since it perhaps carries 
the longest track record of use with irradiation. As a re-
sult of receiving these chemotherapy agents, patients can 
experience some degree of fatigue, nausea and vomiting, 
mucositis, esophagitis, diarrhea, myelosuppression with 
attendant risk of neutropenia and fevers, and, occasion-
ally, hearing loss and peripheral neuropathy. It should be 
noted that rates of hospitalization vary among medical 
centers, but a large subset of patients—approximately 
40%—appear to require hospitalization during such 
concomittant therapy (31–33). 

 SURGICAL COMPLICATIONS AFTER 
 MULTIMODALITY THERAPY 

 An increase in surgical complications soon after neo-
adjuvant radiotherapy and chemotherapy has not been 
demonstrated in the limited data available from large-
scale clinical trials and other studies (34). Later, pulmo-
nary fi brosis and other chronic radiotherapy changes can 
lead to an increased risk of injury with attempts at resec-
tion. In addition, fi brotic responses at sites of tumors 
responding to neoadjuvant therapy can make dissection 
diffi cult when this fi brosis involves critical mediastinal 
structures. Anastamotic leaks, bleeding, chylothorax, 
tracheobronchial injury, and other intrathoracic inju-
ries are risks for patients after multimodality therapy 
or after surgery alone, with anastamotic leaks being the 
most common technical injury. Medical complications 
of surgery include bleeding, arrhythmias, pneumonia, 
and alcohol withdrawal. Patients who undergo resec-
tion of proximal tumors may be at higher risk of sur-
gical morbidity than those with distal tumors. Patients 
receiving a higher dose of radiotherapy to normal lung 
tissues during neoadjuvant therapy can have a higher 
risk of postoperative injury. Careful preoperative plan-
ning and evaluation can identify patients at risk of post-
operative cardiac and pulmonary risk factors because 
of preexisting medical conditions and smoking habits 
(30,35–37). 

TABLE 77.2
 Incidence of Radiation Pneumonitis as a 

Function of Lung V20 

Incidence of pneumonitis, %

V20, % Grade 2 Grades 3–5

<22 0 0

22–31 8 8

32–40 13 5 (1 was grade 5)

>40 19 23 (3 were grade 5)

 V20 = lung volume that received a dose >20 Gy. From Graham 
et al (26). Used with permission. 
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 QUALITY OF LIFE AFTER MULTIMODALITY 
THERAPY 

 Quality-of-life research in esophageal cancer has been 
modest despite the negative effect that esophageal can-
cer can have from dysphagia and esophageal obstruction 
due to local progression and from other symptoms due 
to regional and metastatic progression (38–40). 

 Therapy for esophageal carcinomas, whether sur-
gery, chemotherapy, or radiotherapy (or a combination), 
is characterized by somatic discomfort and loss of func-
tion, both acutely and chronically. Patients reported sig-
nifi cant negative changes in quality of life in the 1-year 
period after treatment but typically showed improve-
ment with time in the absence of tumor progression (41). 
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of the potential toxicity of such treatments in conjunc-
tion with their disputed clinical benefi ts (45,46). 
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Postoperative Care 
and Management 
of the Complications 
of Surgical Therapy 

 Kai Engstad
Paul Henry Schipper 

he fi rst esophagectomy was per-
formed by Franz Torek on March 
14, 1913. However, widespread 
success with esophagectomy did 
not occur until the 1940s. Most 

reported operative series during the 1950s and 1960s 
focus on technique but do not systematically report 
mortality or morbidity, which were high. Contemporary 
mortalities range from 0.5% to 10% (1–8). These mor-
talities are strikingly lower than those achieved during 
the early history of esophageal surgery. The evolution of 
esophageal surgery has in large part been the develop-
ment of techniques to avoid complications and to reduce 
the severity of complications when they do occur. 

 In 1,700 esophagectomies performed at multiple 
Veterans Administration hospitals between 1991 and 
2001 and reported in the National Surgical Quality 
Improvement Program (NSQIP) database, there was a 
10% mortality rate and a 50% morbidity rate. The most 
common postoperative complications in this series were 
pneumonia in 21%, ventilator dependence > 48 hours in 
22%, and unplanned reintubation in 16% (9). In 2006, 
1,665 esophagectomies were submitted to the Society of 
Thoracic Surgery General Thoracic Database, spanning a 
time period from January 2002 to June 2006. In this data-
base, the most common postoperative complication was 
“atrial arrhythmia requiring therapy” in 15.7%. Second 
was anastamotic leak in 9.7%, followed by  reintubation 

7.6%, pneumonia 6.6%, wound infection 4.2%, and tra-
cheostomy 3.5%. Less common complications were myo-
cardial infarction, pulmonary embolism, deep venous 
thrombosis, renal failure, chylothorax, recurrent laryn-
geal nerve palsy, gastric outlet obstruction, and urinary 
tract infection. It is clear from these lists that the most 
common complications of esophageal surgery are the 
most common complications of thoracic surgery in gen-
eral, namely atrial arrhythmia and pulmonary. This chap-
ter will discuss the management of these complications. 

 PULMONARY 

 The most common complications post esophagectomy 
in the VA NSQIP study were pneumonia and pulmonary 
related (unplanned re-intubation and ventilator depen-
dence > 48 hours) (9). In the STS database re-intubation 
and pneumonia were the second and third most com-
mon morbidity. 

 Ferguson et al. showed that post esophagectomy, 
pneumonia, prolonged ventilation, and respiratory 
failure were signifi cant predictors of mortality (10). 
D’Amico et al. have shown that developing pneumo-
nia post esophagectomy resulted in a 20% mortality, 
quadruple the rate of those not developing pneumonia 
(11). In a review of the literature examining the relation 
of pneumonia to mortality, 50% to 100% of reported 

 T
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mortalities post esophagectomy involved pulmonary 
complications (11). Pulmonary complications not only 
affect survival in the perioperative period but long-
term survival. Kinugasa found a 27% 5-year survival in 
patients experiencing pneumonia post esophagectomy 
versus 53% in those who did not (12). 

 As with many complications, treatment begins 
with prevention and the appropriate and tailored selec-
tion of operative approach. The rate of pulmonary com-
plications post transhiatal esophagectomy is less than 
the rate post transthoracic esophagectomy. Orringer 
et al. reported a 3% rate of pneumonia after transhia-
tal esophagectomy (13). The Mayo Clinic experience 
with Ivor-Lewis esophagectomy reported a 12.3% 
rate of pneumonia (14). A meta-analysis performed by 
Hulscher et al. looked at 24 papers comparing the tran-
shiatal to the transthoracic esophagectomy. He found a 
50% increased risk of pulmonary complications in the 
transthoracic approach (15,16). 

 Preoperatively, patients should be evaluated for 
their risk of pulmonary complications. A history prob-
ing for exercise tolerance, cigarette smoking, and 
respiratory symptoms is taken. Preoperative chest 
radiographs and computed tomography (CT) scans are 
examined not only for the esophagus and lymph nodes 
with an eye toward staging but also for the character of 
the lung parenchyma for emphysema or other pathol-
ogy. If there is any question of respiratory insuffi ciency, 
pulmonary function testing is obtained. Accompanying 
a patient on a stair-climbing exercise can give invaluable 
information. A patient who ascends 4 fl ights of stairs 
with ease is unlikely to be at increased risk of pulmo-
nary complications. Patients who are current smokers 
should be counseled to quit and offered the pharmaco-
logic and follow-up assistance necessary to successfully 
quit. The risk of complications post thoracic surgery in 
non- smokers is less than the risk of complications in 
smokers. It is not well established how long someone 
has to be a non-smoker to obtain this risk reduction and 
the risk of pulmonary complications may increase in the 
fi rst 2 weeks after quitting. Stopping cigarettes for at 
least 4 weeks prior to surgery is advised (17,18). 

 Preoperative counseling on incentive spirometry 
(including giving the patient an inspirometer on which 
to practice), early ambulation, and the importance of 
good pain control and coughing post esophagectomy 
can recruit the patient and their family as an ally against 
pneumonia and pulmonary complications. A preopera-
tive program of pulmonary rehabilitation may reduce 
postoperative pulmonary complications, especially in 
high-risk patients (19,20). 

 Postoperatively, esophagectomy patients require 
extra attention to their pulmonary status. Pain should 
be controlled via either epidural or IV PCA (21,22). 
Patients should be up to a chair the evening of or the 

morning after the procedure with ambulation shortly 
thereafter. The average hospital length of stay ranges 
from 10 to 15 days. Patients should ambulate 4 times a 
day every one of these days. Pulmonary protocols can be 
developed utilizing available resources, such as respira-
tory therapy, pulmonary rehabilitation, specialized nurs-
ing, and physical therapy. An observant and involved 
physician and surgeon, however, are required to “keep 
the wheels on the wagon.” 

 Because of the risk of aspiration and the subse-
quent pneumonia, attention to laryngeal-pharyngeal 
function as detailed below is important in preventing 
pneumonia. 

 LARYNGOPHARYNGEAL DYSFUNCTION 
AFTER ESOPHAGECTOMY 

 There are multiple factors that lead to postoperative 
 respiratory complications, most of which are common 
to many thoracic procedures: bleeding, pain, pulmo-
nary toilet, preoperative pulmonary function, and so 
on. The most common specifi c cause of pulmonary mor-
bidity after esophagectomy, however, is laryngotracheal 
dysfunction. This refers to a broad range of disorders 
including those of swallowing, airway protection, and 
speech. Commonly, these problems are attributed to 
 recurrent laryngeal nerve injury. 

 The recurrent laryngeal nerve provides sensory 
 innervation to the pharynx and motor innervation to 
the cricopharyngeous. Denervation results in insuffi cient 
glottic closure during swallowing with resultant aspira-
tion and dysphagia. Vocal cord immobility associated 
with these injuries also predisposes patients to frank 
aspiration, decreased cough strength, and pulmonary 
complications. Superior laryngeal nerve injuries, par-
ticularly after intervention on the cervical esophagus, 
are often underestimated. The superior laryngeal nerve 
is responsible for tension of the vocal cord and sensory 
innervation of the upper larynx, and injury to the nerve 
classically results in voice fatigue but also has been 
shown to result in pharyngeal fatigue during repetitive 
swallowing. This dysfunction is often hard to demon-
strate clinically or on routine testing. 

 Examination of the literature to determine the true 
incidence of injury after esophageal resection is diffi cult. 
Most studies include patients who have clinical signs 
of injury; however, it is estimated that 30% to 50% of 
patients sustaining injury may be asymptomatic. Stud-
ies using direct laryngoscopy have demonstrated rates 
of 15% to 30% of postoperative vocal cord paralysis. 
Most of these were associated with a cervical anasto-
mosis. In the same series, 50% of patients with nerve 
injury went on to develop respiratory complications. Of 
those without evidence of nerve injury, the pulmonary 
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complication rate was still 30%. High levels of aspira-
tion (47%) and swallowing diffi culties (67%) have been 
demonstrated in patients after transhiatal esophagec-
tomy, and failure of symptom improvement in patients 
having had medialization procedures for vocal cord pa-
ralysis suggest a more complex pathophysiology than 
simply nerve injury. 

 Based on the subtlety of presentation, high inci-
dence, and potential for signifi cant morbidity, a high 
index of suspicion should be had for these injuries. Clin-
ical evaluation also appears unreliable. If one considers 
that dysfunction is a result of both motor and sensory de-
nervation, then tests that directly evaluate these 2 factors 
should be most accurate in the detection of abnormali-
ties in swallowing. One such test is fi beroptic endoscopic 
evaluation of swallowing with sensory testing (FEESST). 
Both videofl uoroscopic swallow study (VFSS) and modi-
fi ed barium swallow with fi beroptic endoscopic evalua-
tion of swallowing (FEES) are considered equivalent in 
evaluation of the motor mechanics of swallowing but 
only indirectly assess sensory function. Routine con-
trast esophagography as used to evaluate the patient for 
postoperative anastomotic leak is probably insuffi ciently 
sensitive to adequately evaluate for aspiration. 

 As many patients presenting for esophageal re-
section may have swallowing dysfunction, some au-
thors have recommended preoperative evaluation 
to identify patients at high risk and to apply speech 
therapy preoperatively to help prevent postoperative 
complications. 

 In the operating room, prevention of these injuries is 
key to avoid postoperative problems. Avoiding retractor 
placement in the tracheoesophageal groove, meticulous 
dissection of the cervical esophagus, and identifi cation 
of the recurrent laryngeal nerve should serve to mini-
mize injuries. 

 In the early postoperative period, early assessment 
of swallowing is advised. The morbidity of pneumonia 
after esophagectomy is signifi cant and rivals that of 
anastomotic leak. Evaluation by VFSS, FEES, or FEEST 
will help guide clinicians as to when and if oral intake 
may be safely instituted. When new or persistent abnor-
malities of swallowing are detected, specifi c measures to 
improve swallowing and airway control may be insti-
tuted. These include speech therapy and interventions 
such as using a chin tuck maneuver, shown to decrease 
aspiration in over 80% of patients with aspiration. 

 When vocal cord paralysis is diagnosed, then vocal 
cord medialization should be performed, especially in 
the presence of aspiration. Studies have shown that this 
is associated with improved outcome with high success 
rates. When comparing early to delayed medialization, 
those with early medialization had lower rates of pneu-
monia and shorter hospitalization, making early medial-
ization the preferred option. 

 ATRIAL FIBRILLATION 

 Atrial fi brillation is one of the most common compli-
cations after esophageal surgery, and after thoracic 
surgery in general. Murthy and colleagues, examining 
921 esophagectomies performed between 1982 and 
2000, found postoperative atrial fi brillation occurred 
in 22% of patients. The STS Database reported 15.7% 
of esophagectomies experienced atrial fi brillation that 
required therapy. The NSQIP database did not collect 
atrial fi brillation as a complication. In non-cardiac tho-
racic surgery, preoperative factors that may increase a 
patient’s risk of postoperative atrial fi brillation include 
increasing age, male gender, preexisting atrial fi brilla-
tion, and preexisting cardiac conditions such as con-
gestive hear failure (CHF) or valvular disease (23). 
Murthy and colleagues confi rm increasing age and 
cardiac disease as risk factors, and add 2 others: in-
creasing degree of thoracic dissection and increasing in-
traoperative blood loss. Several medications have been 
examined as preoperative atrial fi brillation prophy-
laxis. None of these studies were done in esophagec-
tomy patients exclusively. The closest  approximations 
are series involving non-cardiac thoracic surgery, 
the bulk of which are pulmonary resections. Of the 
medications examined, beta-blockers are the most in-
tensely examined. Beta-blockers reduce the frequency of 
postoperative atrial fi brillation but have not been shown 
to reduce secondary measures such as hospital length of 
stay or stroke rate. Amar evaluated postoperative pro-
phylactic diltiazem after pulmonary resection and found 
a reduction in the rate of atrial fi brillation from 25% to 
15%. This reduction, however, did not reduce hospital 
length of stay or cost of hospitalization (24). Amioda-
rone has been found to reduce the rate of atrial fi bril-
lation post cardiac surgery by up to 50% (23). Lanza 
et al. found it could reduce the rate of atrial fi brillation, 
stroke, and length of stay post non-cardiac thoracic sur-
gery (25). In Lanza’s study, amiodarone was delivered 
postoperatively 200 mg 3 times a day orally. Esopha-
gectomy patients are not immediately able to take oral 
medications. Amiodarone can be crushed and delivered 
through a feeding tube; however, the bioavailability of 
amiodarone delivered to the jejunum is variable and 
 enhanced by the presence of food, especially lipids. The 
effect of an ileus on the absorption of amiodarone is 
not known. Prophylactic IV amiodarone, while an at-
tractive option, has not been studied in esophagectomy 
patients to date. 

 In summary, atrial fi brillation occurs com  monly 
after esophagectomy. Prophylactic beta-blockers, ami-
odarone, and diltiazem have been used to decrease 
the incidence of this arrhythmia in thoracic surgery 
but have not been well studied in esophagectomy 
patients. 
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 MYOCARDIAL INFARCTION 
AND PULMONARY EMBOLISM 

 The management of myocardial infarction and pul-
monary embolism post esophageal resection does not 
differ from standard postoperative considerations. 
However, because the blood supply to the conduit is 
sometimes tenuous, care must be taken to maintain 
systemic pressure and cardiac output. If the patient’s 
extremities are cool and mottled from a low-fl ow 
state, it is likely the conduit is mottled as well. If a 
patient has sustained a myocardial infarction, pulmo-
nary embolism, or atrial fi brillation, the surgical team 
should be vigilant for evidence of conduit ischemia 
and anastamotic leak. 

 CHYLOTHORAX AFTER ESOPHAGECTOMY 

 Chylothorax is a pleural collection of lymphatic fl uid 
composed of lymphocytes, immunoglobulins, triglyc-
erides, fat soluble vitamins, and proteins. A postopera-
tive chylothorax after esophagectomy is a potentially 
morbid though fortunately uncommon complication. 
Reported incidence after esophagectomy is 1% to 3.4% 
and  depends on operative approach, with a higher inci-
dence noted for thoracic approaches (26–28). 

 Chylothorax is generally heralded by the appear-
ance of a large volume of chest tube output or a new 
pleural effusion. If the patient is not eating by mouth or 
receiving tube feedings, the fl uid will be straw colored. 
The diagnosis can be confi rmed by the fi nding of a tri-
glyceride level greater than 100 mg/dl in pleural fl uid. 
The clinical diagnosis can be confi rmed by the fi nding 
of milky drainage on institution of feeds containing fat 
 either orally or by enteral feeding tube access. Neither 
the characteristic milky appearance of chyle nor the el-
evated triglycerides will be present until fat-containing 
foods are delivered to the small intestines. Some patients 
receiving preoperative radiation treatment to the me-
diastinum can have signifi cant infl ammation in the op-
erative bed and high-volume serous chest tube output 
post esophagectomy without having a chylothorax or 
an injury to the thoracic duct. Patients with this type of 
chest tube output do not have a chylothorax and will 
not respond to the maneuvers used to treat chylothorax. 
Given time and good nutrition, this type of leakage al-
most always heals and seals. 

 The thoracic duct is prone to injury during esopha-
gectomy secondary to its structure and anatomic position 
in the chest. A fragile, 1 to 2 mm, tubular structure, it 
generally enters the chest through the aortic hiatus and 
passes to the right side of the mediastinum before cross-
ing towards the left at the level of T5 and draining into 
the jugulosubclavian junction in the neck. Damage and 

resultant leakage can be the result of either damage to the 
duct itself or injury to one of its branches. The duct can 
potentially be damaged anywhere along its course, and 
the clinical appearance of the leak will change depending 
on the level of the leak. Injury of the duct above the level 
of the arch may drain chyle into a neck drain; injury in the 
midportion may drain chyle into a chest tube; injury near 
the hiatus may result in chylous ascites or chylothorax. 

 Unlike blood, chyle is devoid of clotting factors 
and will not seal or clot on its own. Continued loss 
 results in caloric and lymphocyte depletion, with resul-
tant malnutrition and immunocompromise—a highly 
morbid combination in a group of patients often already 
malnourished and immunocompromised both as a re-
sult of underlying disease and therapy. Delaying treat-
ment of chylothorax has resulted in reported mortalities 
 approaching 50% (29). 

 Indications for surgical therapy are persistently 
high output unresponsive to conservative therapy. Con-
servative therapy usually consists of complete restriction 
of enteral intake and the institution of total parenteral 
nutrition (TPN). Some authors have used enteral feeds 
containing only medium chain fatty acids, which are 
 directly absorbed by small bowel enterocytes without 
passage through the lymphatic system. The success of 
this approach is variable and the use of TPN without any 
enteral feeding is more reliable. Steps should be taken to 
ensure complete drainage of the chest and accurate mea-
surement of chest tube output. Drainage of greater than 
1 L per day or 400 cc per 8-hour period, despite maxi-
mal medical therapy, are indications for surgery. Because 
of the nutritional and immunologic consequences of a 
chylothorax, conservative management should not be 
used for more than 1 week in patients with high-level 
drainage. If drainage is noted to decrease dramatically in 
response to conservative measures, then continued non-
operative management is reasonable. Nutritional mark-
ers and electrolytes should be followed. Once output 
falls to less than 200 to 300 ml per day, feeding can be 
instituted. In general, a fat-containing diet either orally 
or enterally is used. If output remains low and non-
 chylous then drains may be removed. 

 Care taken in dealing with the thoracic duct at 
the original operation can prevent this complication. If 
 visualized, the duct should be avoided or ligated. Various 
techniques have been proposed, including vascular clips, 
pledgeted sutures, simple ligation, or sealing with alter-
native energy sources. In the abdomen, the cisterna chy-
lae is vulnerable during the lymphatic dissection around 
the celiac axis and left gastric artery. The lymphatic tis-
sue around these arteries should be ligated. Low in the 
chest, the thoracic duct is generally located just medial 
to the ascending portion of the azygous vein in the fatty 
tissue between the aorta, esophagus, and right pleura. In 
a transthoracic esophagectomy, a wide lymphatic dissec-
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tion can include the thoracic duct, in which case identify-
ing it and ligating it at the level of the diaphragm and at 
the level of the arch of the aorta can avoid future leak. 

 In a sick, debilitated patient, the decision to oper-
ate may not be easy but the mortality of persisting with 
nonoperative approaches in the face of failing conserva-
tive management is associated with substantial mortality 
compared with invasive approaches. 

 Prior to returning to the operating room, careful 
planning is needed. In general, the intraoperative tenets 
include identifi cation and control of the leak, possible 
obliteration of the pleural space, and establishing or 
maintaining good drainage of the pleural space. 

 Contrast lymphangiography can help identify the 
precise location of the leak but is a technically involved 
radiologic procedure not available at many institutions. 
A nuclear medicine lymphoscintogram does not localize 
the leak any further than simply observing what tube or 
body cavity from which the chyle is draining. Just prior 
to reoperation, fat in the form of cream or oil should 
be given to the patient enterally in order to help iden-
tify the area of leakage. Parekh et al. recommends 60 to 
90 ml of cream given enterally starting 6 hours before 
the procedure and continuing during the procedure (30). 
At our institution, we use 250 ml of half-and-half given 
over 1 hour, followed by 2 to 3 hours of 100 ml/hour 
including during the procedure. 

 Either minimally invasive or open approaches to 
the thorax can be used and in general should be on the 
side of the chylothorax. After entry into the chest, the 
conduit should be mobilized and the site of leakage 
identifi ed. When identifi ed, the area of leakage should 
be controlled with clips or sutures. If generalized ooz-
ing is seen, then systematic clipping of all branches and 
application of fi brin glue may be effective. In addition, 
the thoracic duct should be identifi ed as low in the chest 
as possible and mass ligated just above the diaphragm. 
The addition of mechanic pleurodesis may be helpful. If 
the duct was partially resected during the periesopha-
geal lymphadenectomy, both ends may be leaking, one 
end low in the chest bringing chyle from the abdomen, 
the second high near the arch of the aorta, leaking chyle 
retrograde from the upper thorax. Both ends should be 
identifi ed and ligated. 

 Injury to the cisternae chylae can result in chylo-
thorax or chylous ascites. On thoracoscopy, chyle seen 
arising from the aortic or esophageal hiatus represents 
a leak originating below the level of the diaphragm, 
possibly from the cisternae chylae. This leak can be 
 approached through laparotomy or laparoscopy, again 
identifying the site of the leak and ligating it with pled-
geted sutures. 

 An alternative intervention with percutaneous 
 access to the cisterna chyle and embolization of the tho-
racic duct has also been reported. While apparently ef-

fective, this approach requires expertise in interventional 
radiology, which may not be available in many centers. 

 FUNCTIONAL CONDUIT DISORDERS 

 Digestive tract reconstruction after esophageal reconstruc-
tion results in substantial alteration in foregut function, 
which falls under the general categorization of functional 
conduit disorders. The most common method of recre-
ating gastrointestinal continuity after esophageal resec-
tion involves use of gastric conduit, though both colonic 
and small bowel may be used under select circumstances. 
While surgeons are often focused on the life-threatening 
complications early in the postoperative period, more 
 insidious long-term issues with digestive function substan -
tially affect patients’ quality of life (31,32). 

 These issues should not be taken lightly as they 
 affect a majority of patients to some degree. In fact, nor-
mal digestive function is found in a minority of patients 
(33,34). 

 The most common functional issues are dumping, 
delayed gastric emptying, and refl ux. 

 DUMPING 

 Up to 50% of patients may suffer from dumping syn-
drome, which in a minority may be disabling (33–36). 
Dumping is categorized into early and late varieties 
based on temporal association with food ingestion. 
After esophagectomy, the majority of patients suffer 
from the early variety, with a lesser percentage suffering 
from the late variety or, even more uncommonly, both. 
Mechanisms of dumping are poorly understood and are 
felt to refl ect alterations in gastrointestinal hormone se-
cretion as well as anatomic factors related to surgery 
and subsequent reconstruction. Symptoms are mani-
fested by gastrointestinal symptoms such as cramping, 
bloating, nausea, and diarrhea, as well as vasomotor 
symptoms such as fl ushing, diaphoresis, syncope, and 
palpitation. 

 Early dumping, 10 to 30 minutes after eating, is 
felt to result from rapid transit of hyperosmolar gastric 
contents into the small bowel. After esophagectomy, 
decreased reservoir capacity and alteration in pyloric 
anatomy contribute to this process. 

 Late dumping, 1 to 3 hours after eating, is mani-
fested by systemic vascular symptoms. Rapid emptying 
of carbohydrates into the small bowel triggers insulin 
release in an exaggerated fashion with resultant hypo-
glycemia and symptoms (37). 

 Diagnosis is usually clinical but can be confi rmed 
by noting symptoms after glucose challenge or fi nding of 
hypoglycemia in the hours after eating. Studies showing 
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rapid gastric emptying may be noted but do not appear 
to correlate well with symptoms. 

 Treatment is generally with diet modifi cation. 
Avoidance of high carbohydrate loads can be accom-
plished by advising patients to avoid simple sugars, 
eating more frequent small meals, and restricting fl uid 
intake with meals. The majority of patients respond to 
these simple measures. In the small majority of patients 
with refractory symptoms, pharmacologic measures 
may be useful. Propanolol, prednisolone, verapamil, and 
methysergide maleate have been used to alleviate vaso-
motor symptoms associated with dumping. Literature 
support for these, however, is primarily case series and 
case reports (38–40). 

 Octreotide has been found to be effective in the 
treatment of dumping syndrome. It acts by both delay-
ing gastric emptying and small bowel motility as well 
as inhibiting secretion of gastrointestinal hormones 
and insulin. Doses of 25 to 100 micrograms subcuta-
neously administered 30 minutes prior to eating have 
been found to be effective. Use is limited by diarrhea and 
inconvenience. 

 Acarbose is an inhibitor of the conversion of carbo-
hydrates to monosaccharides. This results in lowering of 
postprandial glucose and subsequent insulin secretion. It 
may be useful in the treatment of delayed dumping but its 
side effects of diarrhea and fl atulence may limit its use. 

 Surgical techniques may have an effect on the devel-
opment of dumping, and sparing of vagal nerves under 
selected circumstances may preserve gastric motility. 

 DELAYED GASTRIC EMPTYING 

 Following esophageal resection, delayed gastric emptying 
is commonly seen. This is felt to result from denervation 
of the gastric conduit and disruption of pyloric function 
secondary to vagotomy. How to deal with the pylorus 
is also an area of controversy, experience with vagal de-
nervation and need for pyloroplasty or pyloromyotomy 
comes from surgery for the treatment of ulcer disease. 
The patient with a normal stomach formed into a gastric 
conduit appears different, however. Studies looking at 
the addition of a pyloric drainage procedure—whether 
pyloroplasty, pyloromyotomy, or more recently injection 
of Botox—do not demonstrate clear benefi t. 

 Formation of the gastric conduit itself may play a 
role in postoperative function. Narrow conduits appear 
to empty more rapidly, removal of the majority of the 
distal lesser curvature decreases contractile force. Place-
ment of the conduit in an extra anatomic position as 
opposed to the more common posterior mediastinum 
also seems to increase the incidence of delayed gastric 
emptying. Clearly, torsion of the conduit will affect its 
function and should be avoided. 

 Pharmacologic therapy is the mainstay of treat-
ment. Various prokinetic agents, metaclopramide, cis-
apride, and erythromycin, have been used with varying 
degrees of success. Of these, erythromycin appears most 
effective. An agonist against the motilin receptor, it 
has been shown to promote gastric emptying. In some 
patients, postoperative balloon dilation or injection of 
Botox into the pylorus may be attempted. 

 REFLUX 

 Esophagectomy and subsequent reconstruction causes 
disruption of normal anti-refl ux mechanisms, such as 
the distal esophageal sphincter and the diaphragmatic 
hiatus. Positive abdominal pressure and negative tho-
racic pressure promote refl ux as well. It is therefore not 
surprising that refl ux is extremely common after esopha-
geal resection. Symptoms are generally pain and may in-
clude aspiration and cough. Bile refl ux may be promoted 
by the addition of a pyloric drainage procedure. Other 
surgical factors implicated in the fi nding of refl ux include 
the height of the anastomosis in the chest with a higher 
level anastomosis and complete intrathoracic placement 
of the stomach being less prone to refl ux. However, even 
patients with cervical anastomosis demonstrate refl ux 
when studied. Symptomatic patients should be treated 
with H2 blockers or proton pump inhibitors. Surgical 
strategies to prevent refl ux such as creating valve-like 
anastomoses or intercostal muscle wraps are described 
but are uncommonly performed. 

 ANASTAMOTIC STRICTURE 

 Improved results in the therapy of both patients with 
benign and malignant esophageal disease undergoing 
esophagectomy have led to the realization that not only 
is survival important but quality of life is a key compo-
nent of successful treatment. Postoperative dysphagia, 
often a result of esophageal stricture, is a factor that may 
have a substantial effect on quality of life. 

 The defi nition of what constitutes a stricture is not 
clear. In general, however, the combination of dysphagia 
along with either endoscopic or radiographic fi nding of 
esophageal narrowing is used. It has been shown that up 
to a third of patients with dysphagia will not have an 
anatomic stricture (41). Without a clear defi nition, the 
incidence of stricture is hard to establish with reported 
rates of 10% to 50%. 

 Etiology is multifactorial. Key components in the 
pathogenesis of postoperative strictures include anas-
tomotic technique, anastomotic leak, conduit ischemia. 
Late strictures are generally benign and result from 
chronic refl ux or malignant and result from recurrence. 
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 Anastomotic technique has been identifi ed as a 
factor in stricture formation. In terms of anastomotic 
size, it has been observed that using larger diameter cir-
cular staplers substantially decreases the incidence of 
stricture. When hand-sewn anastomosis is looked at, a 
2-layer technique appears to increase the incidence of 
stricture. Side-to-side stapled anastomosis, as popular-
ized by Orringer, has shown to result in lower rates of 
stricture formation. 

 Anastomotic leak and stricture formation are 
closely tied together with a substantial portion of 
patients with leaks developing strictures. Institution of 
early dilation in these patients has been shown to result 
in decreased stricture formation (42). 

 Ischemia of the conduit also plays a role in the 
 development of stricture. Studies evaluating gastric 
blood fl ow, or endoscopic evidence of mucosal ischemia, 
demonstrate a clear association with stricture forma-
tion. Care taken during conduit preparation, avoid-
ance of injury to the right gastroepiploic artery, gentle 
 transposition of the conduit into the neck or chest, and 
avoiding anastomosis adjacent to staple lines should 
help minimize stricture formation. 

 Stricture after esophagectomy generally presents 
in the fi rst 2 to 6 months after surgery. Presentation of 
dysphagia in the immediate postoperative period should 
make one suspicious for either a technical error such a 
narrow anastomosis or a nerve injury as previously dis-
cussed. Late presentation should prompt one to think of 
local or mediastinal tumor recurrence or of refl ux. 

 Dilation has been demonstrated to be an effective 
treatment for stricture (41,42). This can be performed 
 either with balloon or bougienage. In the largest reported 
series of patients undergoing cervical esophagogastric 
anastomoses, any patient with symptoms underwent 
early dilation. This resulted in over 50% of patients 
undergoing at least one dilation. Long-term follow-up 
showed that less than 20% of patients had the need for 
long-term dilations (28). Treatment with balloon dila-
tion showed similar results. Multiple dilations may be 
needed. Reoperation is rarely needed. 

 CONDUIT NECROSIS 

 Reconstruction of the foregut after esophagectomy is 
complex and complications may result in substantial 
morbidity and mortality. Preparation and preservation 
of the conduit is essential to good short- and long-
term results. Conduit choice is limited and generally 
consists of either stomach or, less commonly, colon or 
jejunum. In all cases, preservation of conduit blood 
supply is key. 

 Conduit ischemia is a rare complication. A recent re -
view of the literature found it occurred on average in 3.2% 

of gastric (0.5%–10.4%), 5.1% of colonic (0%– 13%), 
and 4.2% of jejunal (0%–11.3%) conduits (43). 

 Factors contributing to conduit necrosis are generally 
felt to be technical and involve injury or twisting of their 
vascular pedicles. It is theorized that intraoperative and 
perioperative hypotension may contribute to ischemia. 

 A high index of suspicion is needed to make the 
diagnosis. Regardless of the conduit used, persistent 
tachycardia, fevers, leukocytosis, hypotension, or anas-
tomotic leak should trigger an evaluation of the conduit. 
Flexible esophagoscopy can be used to directly examine 
the mucosa for signs of ischemia. Small-caliber esopha-
goscopy can be performed at bedside with topical anes-
thetic and offers an excellent view of the anastamosis and 
mucosal integrity. Endoscopy, however, cannot confi rm 
full thickness necrosis. Contrast esophagography may 
indirectly suggest ischemia and may show anastomotic 
disruption. In patients with cervical anastomosis, direct 
examination of the conduit may be possible. Occasion-
ally, operative re-exploration may be needed. 

 Once the diagnosis is made, prompt reoperative 
 exploration should follow. Basic tenets regardless of con-
duit type include resection of necrotic bowel, drainage 
of the mediastinum, cervical esophageal diversion, and 
distal enteral feeding access, if not previously placed. 

 Rarely is regaining immediate esophagointestinal 
continuity prudent. Generally, delayed reconstruction 
with an alternative conduit in 3 to 6 months is recom-
mended. Various nonoperative strategies such as anti-
coagulation, steroids, vasodilators have been proposed. 
None are recommended. 

 As mentioned previously, the best way to prevent 
ischemic complications is careful conduit construc-
tion, preservation of blood supply, careful transposition 
through the mediastinum, and meticulous handling of 
the conduit. Various techniques have been proposed 
to decrease the incidence of conduit ischemia. “Super 
charging” the conduit near the proximal anastomosis by 
microvascular augmentation has been described for all 
3 types of conduit (44–46). Ischemic conditioning of the 
gastric conduit by staged conduit construction followed 
by resection has shown promise as a mechanism to pre-
vent ischemia but superior results have not yet been 
clearly demonstrated (47,48). 

 LEAK 

 Esophageal leak remains a major cause of morbidity and 
mortality after esophageal resection in spite of improve-
ments in operative and perioperative care. Associated 
with conduit ischemia and often resulting in stricture, 
leaks result in both acute and chronic complications. 

 Incidence of leak varies widely in the literature. 
Differences in anastomotic technique, both hand-sewn 
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versus stapled, as well as variation in anastomotic loca-
tion, appear to affect leak rate. 

 Orringer, in a recent publication detailing 2,000 
transhiatal esophagectomies with cervical anastamosis, 
reports an overall leak rate of 12% with a leak rate of 
9% in the last 944 patients. No such single institution 
series have been published for transthoracic approaches, 
but met-analysis showed a leak rate of 7% in a total of 
over 2,500 patients (16). Location of the leak also has 
a substantial effect on morbidity and mortality. Medias-
tinitis is rare after cervical anastomotic leak; however, 
after a thoracic leak, it is more common. 

 Martin et al. reported 621 transthoracic esophagec-
tomies with intrathoracic anastamosis performed between 
1970 and 2004. They found no difference in the leak 
rate of 4.8% during the period 1970 to 1986 and 6.3% 
between 1987 and 2004. They did, however, fi nd a sig-
nifi cant decrease in the leak associated mortality between 
these 2 eras from 43% to 3.3%. This decrease in mor-
tality was attributed to more frequent reoperation, use of 
tissue fl aps to reinforce repairs on reoperation, and pos-
sibly quicker use of enteral nutrition in the later era (49). 

 Nutrition in many patients presenting for esopha-
geal resection may be compromised, both as a result of 
mechanic complications of their esophageal disease or as 
a result of underlying malignancy and subsequent therapy. 
Nutritional markers have been found to correlate with an 
increased rate of anastomotic leak and efforts should be 
made to maximize nutrition in the preoperative period. 

 As part of the multimodality treatment of esopha-
geal malignancy, many patients receive neoadjuvant 
chemoradiation. This does not appear to be a substan-
tial risk factor for esophageal leak despite concerns 
 expressed by surgeons. 

 As mentioned, ischemia of the conduit is intimately 
associated with the development of anastomotic disrup-
tion. Conduit ischemia should be prevented by pres-
ervation of the vascular supply, gentle handling, and 
positioning of the conduit to ensure a tension-free anas-
tomosis. The proximal esophagus should also be gently 
handled and extensive dissection should be avoided. 

 Excellent results have been reported for both  single- 
and double-layer hand-sewn anastomoses as well as by 
both circular stapled and side-to-side stapled anastomo-
sis. It is felt that a hand-sewn anastomosis may be more 
versatile, in particular when using jejunal or  colonic 
conduits. Stapled anastomosis, on the other hand, is 
probably faster, more reproducible, easier to teach, and 
may be useful in areas where exposure is diffi cult, such 
as high in the chest. Surgeon experience and consistent 
refi nement and application of a technique are probably 
the most important factors. 

 Colon and jejunal conduits can be “super-charged” 
by creating proximal arterial and venous anastamosis 
between the conduit and vessels of the neck and supe-

rior mediastinum. Alternatively, the stomach can be 
“prepared” as a conduit by performing a laparoscopy or 
laparotomy 1 to 2 weeks prior to the planned esopha-
gectomy. At this procedure, the small gastric vessels and 
left gastric artery are divided, partially devascularizing 
the stomach. This promotes expansion of the capillary 
beds of the stomach and compensatory hypertrophy of 
the right gastroepiploic artery (50). 

 Postoperative decompression of the conduit may 
decrease the mechanic stress of the anastomosis. 

 The diagnosis of anastomotic disruption depends 
both on timing and location. Early leaks in the fi rst hours 
or days after surgery present with signs of sepsis, chest 
tube output, which is bilious in nature, or undrained col-
lection in the thoracic cavity. These require no formal 
diagnostic testing and are the result of conduit necrosis 
or serious error in the construction of the anastomosis. 

 Most leaks present in more subtle fashion. In a 
series of 621 transthoracic esophagectomies and intra-
thoracic anastamosis, Martin et al. reported a median 
of 9 days until detection of a leak. Most authors report 
median hospital stays of 10 to 18 days after esopha-
gectomy, making an anastamotic leak a complication 
appearing later in the hospital course. Their presenta-
tion depends primarily on their location. Cervical leaks 
generally manifest with fever, drainage from the wound, 
and signs of local infection in the fi rst postoperative 
week. Thoracic leaks can be more insidious. Systemic 
signs of infection such as fever, tachycardia, tachypnea, 
leukocytosis are generally the fi rst signs. Increasing 
fl uid collections on thoracic imaging or a new air leak 
from the chest tube may be seen. Atrial fi brillation is 
not  uncommon. A high clinical index of suspicion and 
prompt diagnosis is needed to prevent deterioration. 

 Most surgeons obtain a contrast esophagram 5 to 
10 days after surgery to exclude leak. Any clinical suspi-
cion of an anastomotic problem should lead to prompt 
evaluation. There is some controversy over contrast 
agent of choice. Barium is a more sensitive agent and 
avoids the risk of chemical pneumonitis resulting from 
aspiration of water soluble agents. 

 Concerns about mediastinal extravasation of  barium 
with resultant morbidity are unfounded. However, the 
argument is moot as contrast materials  (Omnipaque, 
Visipaque), which provide good resolution on radiog-
raphy but are inert if aspirated or leak into an extra-
 visceral space, are available. 

 Endoscopy can be used to evaluate the conduit for 
ischemic changes, though it is not sensitive for diagnosis of 
leak. A pink mucosa is reassuring, however, the fi nding of 
necrotic mucosa does not tell one whether the necrosis is 
full thickness. We have found the small caliber endoscope 
to be a very useful tool for this purpose. The conduit can 
be inspected at the bedside, transnasally, unsedated, with 
topical anesthetic only. The scope is small and easily 
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traverses the anastamosis. CT scanning may show pleural 
cavity collections and air, which may suggest leak. 

 Management of a leak is dependent on the pa-
tient’s clinical condition, the location of the leak, and 
the severity of the leak. Intrathoracic and cervical leaks 
are discussed separately. If a long segment of native 
esophagus is left between the cricopharyngeus and the 
anastamosis, it is possible for a “cervical” anastamosis 
to fall back into the thoracic cavity, such that a leak 
from this anastamosis behaves more like a thoracic 
anastamosis. 

 INTRATHORACIC LEAK 

 Asymptomatic, contained intrathoracic leaks can 
be observed. A swallow study is repeated in 1 to 3 
weeks and oral nutrition instituted when the leak 
has resolved. Management of a contained but symp-
tomatic intrathoracic leak is initially IV antibiotics, 
resuscitation, and percutaneous drainage but may re-
quire operative  intervention. Patients who continue to 
show signs of active infection require operation. Un-
contained leaks of intrathoracic anastamosis almost 
always require operative intervention. Intravenous 
antibiotics and resuscitation can be initiated during 
the planned return to the operating room. If conduit 
necrosis is found, the necrotic areas are resected, the 
remaining conduit returned to the abdomen, the me-
diastinum debrided and drained, the proximal esoph-
agus diverted, and distal enteral  access ensured. If the 
conduit is found viable and the patient is hemody-
namically stable, the anastamosis can be repaired but 
should be buttressed with a pedicled tissue fl ap such 
as serratus, latissimus, or intercostal muscle. Martin 
et al. found that with early aggressive management of 
uncontained intrathoracic leaks and more conserva-
tive management of contained leaks, in the modern 
era, mortality in patients with a leak was 3% and no 
different than in those without (49). 

 CERVICAL LEAK 

 Anastamotic leaks from a cervical anastamosis are 
considered to be more frequent but less dangerous. 
Reported leak rates range from 8% to 15% (16,26,51–
55). Some leaks are small, contained, asymptomatic, 
and found on routine esophagram. These can be ob-
served and will generally heal. The patient is kept noth-
ing by the mouth or on clear liquids until the leak heals. 
This can be checked with esophagram in 1 to 2 weeks, 
or,  alternatively, not checked and the patient’s diet ad-
vanced and followed clinically. Larger leaks or leaks that 
do not drain well or are accompanied by cellulitis or 
systemic signs of infection require drainage. This can be 
accomplished at the bedside or in the operative suite. 
The neck incision is opened and all loculations drained. 
Patients are then maintained nothing by the mouth with 
enteral nutrition through a jejunostomy. Some authors 
will have patients drink several glasses of water a day to 
fl ush out the wound. Most leaks treated in this manner 
will close in 2 to 3 weeks. As with any anastamotic leak, 
the viability of the conduit should be confi rmed either by 
operative inspection or endoscopy. 

 In more than 50% of cases, a healed anastamotic 
leak will develop a stricture (56). Because of this high 
rate, some authors recommend early and prophylactic 
dilatation (42). Please see the above discussion on treat-
ment of esophageal stricture. 

ACKNOWLEDGMENT

 The authors thank Jill Rose for her help in preparing this 
manuscript. 

 RECOMMENDED READING 

  Complications of Esophageal Surgery  ed. Cameron D. Wright, MD. Thoracic Surgery Clinics, 
Volume 16(1), February 2006. 

  Challenges in Esophageal Reconstruction  ed. Mark Orringer, MD. Seminars in Thoracic and 
Cardiovascular Surgery, Volume 19(1), Spring 2007. 

 References 
  1. Sauvanet A, Baltar J, Le Mee J, et al. Diagnosis and conservative management of intra-

thoracic leakage after oesophagectomy.  Br J Surg . 1998;85:1446–1449. 
  2. Whooley B, Law S, Alexandrou A, et al. Critical appraisal of the signifi cance of 

intrathoracic anastomotic leakage after esophagectomy for cancer.  Am J Surg . 
2001;181:198–203. 

  3. Patil P, Patel S, Mistry R, et al. Cancer of the esophagus: esophagogastric anastomotic 
leak—a retrospective study of predisposing factors.  J Surg Oncol.  1992;49:163–167. 

  4. Crestanello J, Deschamps C, Cassivi S, et al. Selective management of intrathoracic anas-
tomotic leak after esophagectomy.  J Thorac Cardiovasc Surg.  2005;129:254–260. 

  5. Huang G, Wang L, Liu J, et al. Surgery of esophageal carcinoma.  Sem Surg Oncol.  
1985;1:74–83. 

  6. Pickleman J, Watson W, Cunningham J, et al. The failed gastrointestinal anastomosis: 
an inevitable catastrophe?  J Am Coll Surg.  1999;188:473–482. 

  7. Karl R, Schreiber R, Boulware D, et al. Factors affecting morbidity, mortality, 
and survival in patients undergoing Ivor Lewis esophagogastrectomy.  Ann Surg.  
2000;231:635–643. 

  8. Griffi n S, Shaw I, Dresner S. Early complications after Ivor Lewis subtotal esophagec-
tomy with two-fi eld lymphadenectomy: risk factors and management.  J Am Coll Surg.  
2002;194:285–297. 

  9. Bailey S, Bull D, Harpole D, et al. Outcomes after esophagectomy: A ten-year prospec-
tive cohort.  Ann Thorac Surg.  2003;75:217–222. 

  10. Ferguson M, Martin T, Reeder L, et al. Mortality after esophagectomy: risk factor 
analysis.  World J Surg . 1997;21:599–603. 

  11. Atkins B, Shah A, Hutcheson K, et al. Reducing hospital morbidity and mortality fol-
lowing esophagectomy.  Ann Thorac Surg.  2004;78:1170–1176. 

  12. Kinugasa S, Tachibana M, Yoshimura H. Postoperative pulmonary complications are 
associated with worse short- and long-term outcomes after extended esophagectomy.  
J Surg Oncol.  2004;88. 

  13. Orringer M, Marshall B, Iannettoni M. Transhiatal esophagectomy: Clinical experi-
ence and refi nements.  Ann Surg.  1999;230:392–403. 

  14. Visbal A, Allen M, Miller D, et al. Ivor Lewis esophagogastrectomy for esophageal 
cancer.  Ann Thorac Surg.  2001;71:1803–1808. 

  15. Hulscher J, van Sandwick J, De Boer A, et al. Extended transthoracic resection com-
pared with limited transhiatal resection for adenocarcinoma of the esophagus.  N Engl 
J Med.  2002;347:1662–1669. 

  16. Hulscher J, Tijssen J, Obertop H, et al. Transthoracic versus transhiatal re-
section for carcinoma of the esophagus: a meta-analysis.  Ann Thorac Surg.  
2001;72:306–313. 



668 V • THERAPY

  17. Barrera R, Shi W, Amar D, et al. Smoking and timing of cessation: impact on pulmo-
nary complications after thoracotomy.  Chest . 2005;127:1977–1983. 

  18. Nakagawa M, Tanaka H, Tsukuma H. Relationship between the duration of the pre-
operative smoke-free period and the incidence of postoperative pulmonary complica-
tions after pulmonary surgery.  Chest . 2001;120:705–710. 

  19. Chumillas S, Ponce J, Delgado F. Prevention of postoperative pulmonary complica-
tions through respiratory rehabilitation: a controlled clinical study.  Arch of Phys Med 
Rehab . 1998;79:5–9. 

  20. Ferguson M, Durkin A. Preoperative prediction of the risk for pulmonary complica-
tions after esophagectomy for cancer.  J Thorac Cardiovasc Surg.  2002;123:661–669. 

  21. Watson A, Allen P. Infl uence of thoracic epidural analgesia on outcome after resection 
for esophageal cancer.  Surgery . 1994;115:429–432. 

  22. Whooley B, Law S, Murthy S. Analysis of reduced death and complication rates after 
esophageal resection.  Ann Surg.  2001;233:338–344. 

  23. Mayson S, Greenspon A, Adams S, et al. The changing face of postoperative 
atrial fi brillation prevention. A review of current medical therapy.  Cardiol Rev . 
2007;15:231–241. 

  24. Amar D, Roistacher N, Rusch V, et al. Effects of diltiazem prophylaxis on the incidence 
and clinical outcome of atrial arrhythmias after thoracic surgery.  J Thorac Cardiovasc 
Surg.  2000;120:790–798. 

  25. Lanza L, Visbal A, DeValeria P, et al. Low-dose oral amiodarone prophylaxis reduces 
atrial fi brillation after pulmonary resection.  Ann Thorac Surg.  2003;75:223–230. 

  26. Rindani R, Martin C, Cox M. Transhiatal versus Ivor-Lewis oesophagectomy: is there 
a difference?  Aust N Z J Surg . 1999;69:187–194. 

  27. Dugue L, Sauvanet A, Farges O, et al. Output of chyle as an indicator of treatment for 
chylothorax complicating oesophagectomy.  Br J Surg.  1998;85:1147–1149. 

  28. Orringer M, Marshall B, Chang A, et al. Two thousand transhiatal esophagectomies. 
Changing trends, lessons learned.  Ann Surg.  2007;246:363–374. 

  29. Patel H, Tan B, Yee J, et al. A 25-year experience with open primary transthoracic  repair 
of paraesophageal hiatal hernia.  J Thorac Cardiovasc Surg.  2004;127:843–849. 

  30. Parekh K, Iannettoni M. Complications of esophageal resection and reconstruction. 
 Sem Thorac Cardiovasc Surg.  2007;19:79–88. 

  31. Langenhoff B, Krabbe P, Wobbes T. Quality of life as an outcome measure in surgical 
oncology.  Br J Surg.  2001;88:643–652. 

  32. Kredder H, Wright J, McLeod R. Outcome studies in surgical research.  Surgery . 
1997;121:223–225. 

  33. McLarty A, Deschamps C, Trastek V. Esophageal resection for cancer of the esopha-
gus: long-term function and quality of life.  Ann Thorac Surg.  1997;63:1568–1572. 

  34. Headrick J, Nichols F, Miller D. High-grade esophageal dysplasia: long-term survival 
and quality of life after esophagectomy.  Ann Thorac Surg.  2002;73:1697–1702. 

  35. Orringer M, Stirling M. Esophageal resection for achalasia: indications and results. 
 Ann Thorac Surg.  1989;47:340–345. 

  36. Wang L, Huang M, Huang B. Gastric substitution for resectable carcinoma of the 
esophagus: an analysis of 368 cases.  Ann Thorac Surg.  1992;53:289–294. 

  37. Donington J. Functional conduit disorders after esophagectomy.  Thorac Surg Clin . 
2006;16:53–62. 

  38. Chandos B. Dumping syndrome and the regulation of peptide YY with varapamil.  Am 
J Gastroenterol.  1992;87:1530–1531. 

  39. Shibata C, Funayama Y, Fukushima K. Effect of steroid therapy for late dumping syn-
drome after total gastrectomy: report of a case.  Dig Dis Sci . 2004;49:802–804. 

  40. Christoffersson E, Wallensten S. Drug therapy in the dumping syndrome.  Nord Med . 
1971;86:1589–1590. 

  41. Rice T. Anastomotic stricture complicating esophagectomy.  Thorac Surg Clin . 
2006;16:63–73. 

  42. Chang A, Orringer M. Management of the cervical esophagogastric anastomotic stric-
ture.  Thorac Cardiovasc Surg . 2007;19:66–71. 

  43. Wormuth J, Heitmiller R. Esophageal conduit necrosis.  Thorac Surg Clin . 
2006;16:11–22. 

  44. Sekido M, Yamamoto Y, Minakawa H. Use of the “supercharge” technique in esopha-
geal and pharyngeal reconstruction to augment microvascular blood fl ow.  Surgery . 
2003;134:420–424. 

  45. O’Rourke I, Threlfall G. Colonic interposition for oesophageal reconstruction with 
special reference to microvascular reinforcement to microvascular reinforcement of 
graft circulation.  Aust N Z J Surg . 1986;56:767–777. 

  46. Heitmiller R, Gruber P, Swier P. Long-segment substernal esophageal replacement with 
internal mammary vascular augmentation.  Dis Esophagus . 2000;13:240–242. 

  47. Urschel J. Ischemic conditioning of the stomach may reduce the incidence of esophago-
gastric anastomotic leaks complicating esophagectomy: a hypothesis.  Dis Esophagus . 
1997;10:217–219. 

  48. Urschel J, Takita H, Antkowiak J. The effect of ischemic conditioning on gastric wound 
healing in the rat: implications for esophageal replacement with stomach.  J Cardiovasc 
Surg . 1997;38:535–538. 

  49. Martin L, Swisher S, Hofstetter W, et al. Intrathoracic leaks following esophagectomy 
are no longer associated with increased mortality.  Ann Surg.  2005;242:392–402. 

  50. Jobe B, Kim C, Minjarez R, et al. Simplifying minimally invasive transhiatal esophagec-
tomy with the inversion approach.  Arch Surg . 2006;141:857–866. 

  51. Swanson S, Batirel H, Bueno R, et al. Transthoracic esophagectomy with radical 
 mediastinal and abdominal lymph node dissection and cervical esophagogastrostomy 
for esophageal carcinoma.  Ann Thorac Surg.  2001;72:1918–1924. 

  52. Goldminc M, Maddern G, Le Prise E, et al. Oesophagectomy by a transhiatal approach 
or thoracotomy: a prospective randomized trial.  Br J Surg.  1993;80:367–370. 

  53. Urschel J. Esophagogastrostomy anastomotic leaks complicating esophagectomy: a 
review.  Am J Surg . 1995;169:634–640. 

  54. Katariya K, Harvey J, Pina E, et al. Complications of transhiatal esophagectomy.  J Surg 
Oncol.  1994;57:157–163. 

  55. Gurkan N, Terzioglu T, Tezelman S, et al. Transhiatal oesophagectomy for oesophageal 
carcinoma.  Br J Surg.  1991;78:1348–1351. 

  56. Mitchell J. Anastomotic leak after esophagectomy.  Thorac Surg Clin . 2006;16:1–9. 



669

  79  Quality of Life after 
Esophagectomy 

 Jonathan Ford Finks 

atient reported outcomes, such as 
health-related quality of life (QOL), 
have become increasingly recognized 
as important outcome measures in 
evaluating therapies for esophageal 

and other cancers. The focus among investigators and 
regulatory agencies has widened to include not only tra-
ditional outcome measures, such as mortality, morbidity, 
and complications, but patient-based measures as well, 
such as symptom assessment, performance status, and 
QOL. Indeed, the Oncologic Drugs Advisory Commit-
tee of the FDA has recommended that approval for new 
anticancer drugs be based on their benefi cial effects on 
QOL and/or survival (1). Moreover, improving QOL in 
cancer patients is now a key goal of the American Can-
cer Society (2), and the Working Group of the American 
Society of Clinical Oncology has emphasized the im-
portance of patient outcomes, such as survival and qual-
ity of life, rather than tumor response rates in assessing 
the success of cancer treatment (3). 

 Incorporating QOL measures is especially im-
portant when evaluating therapy for a disease such as 
esophageal cancer, for which prognosis is poor and 
treatment is particularly harsh. Even with defi nitive 
therapy, long-term prognosis is poor. Two-year survival 
following esophagectomy for esophageal cancer ranges 
between 20% and 60%, while 5-year survival is between 
10% and 40% (4–6). Furthermore, esophagectomy, the 

only curative treatment, is an extensive procedure with 
associated major morbidity rates of 44% to 50% and 
mortality rates between 4% and 11% (7–10). Given 
these therapeutic limitations, the impact of surgery on 
symptoms, function, and overall QOL takes on greater 
importance and must be taken into consideration when 
balancing the risks and benefi ts of treatment. 

 Moreover, in cases where esophagectomy may 
not offer a signifi cant survival advantage over chemo-
radiation alone, as with some locally advanced tumors 
(11,12), differential treatment effects on QOL may be the 
deciding factor in determining the course of therapy. The 
same holds true when comparing palliative therapies as 
well. Finally, symptom control and QOL outcomes may 
also help determine the optimal surgical approach and 
reconstruction technique (e.g., cervical vs. intrathoracic 
anastomosis), since the approach to esophagectomy may 
not signifi cantly affect overall survival (5,13). 

 DEFINING AND MEASURING QUALITY 
OF LIFE 

 While it is easy to appreciate the importance of QOL 
outcomes, defi ning and measuring health-related QOL 
is more complex. The World Health Organization has 
defi ned health as not merely the “absence of infi rmity 
or disease” but also a state of “physical, mental and 

 P
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 social well-being” (14). While there is no standard defi -
nition for heath-related QOL, it is generally thought to 
encompass aspects of physical, social, and psychologic 
(including emotional and cognitive) function that are af-
fected by health conditions and interventions (15,16). 
Following esophagectomy, QOL incorporates not only 
physiologic outcomes, such as degree of dysphagia and 
refl ux and ability to eat, but also psychological and so-
cial outcomes, such as the ability to work and perform 
activities of daily living, social interaction, energy level, 
and emotional state (17). In fact, the degree of disease-
specifi c symptoms (e.g., dysphagia, refl ux) has been 
shown to correlate poorly with overall and other aspects 
of QOL in patients with esophageal cancer, suggesting 
that other domains of QOL need to be evaluated sepa-
rately (18–20). 

 Given its subjective, complex, and multidimen-
sional nature, measurement of QOL is a signifi cant chal-
lenge. The ideal instrument for measuring QOL should 
be reliable, responsive, interpretable, and valid (21,22). 
Validity refers to the degree to which an instrument mea-
sures what it was intended to measure. Reliability refers 
to the extent to which an instrument is free from mea-
surement error and reproducible, or consistent, across 
multiple measurements (23). In addition to being valid 
and reliable, a QOL instrument must be responsive, al-
lowing for detection of clinically important changes in 
QOL over time, even if those changes are small. Finally, 
QOL measures must be interpretable, such that differ-
ences in scores correspond to very small, small, moder-
ate, and large differences in clinical outcome (22). 

 Experimental evidence suggests that QOL ques-
tionnaires should also be designed to be completed 
by the patients themselves. In a study of patients with 
esophageal cancer, Blazeby and colleagues compared re-
sults when 1 doctor, 52 patients, and 39 caregivers inde-
pendently completed a well-validated QOL survey (24). 
They showed that agreement was poor to moderate in 
most QOL scales and items between healthcare provid-
ers and patients. In another study, QOL following resec-
tion of esophageal cancer was assessed by both patients 
and a psychologist, using separate validated instruments. 
While both the self and external evaluations showed sig-
nifi cant correlation, QOL was consistently rated as being 
higher by the external observer (20). Clearly the patient 
is best able to evaluate their own QOL and should be the 
one who answers the questionnaire. 

 There are a variety of different tools available for 
evaluating QOL. Generic instruments, such as the Medi-
cal Outcomes Study SF-36, are designed to provide a 
broad summary of QOL measures and apply to a wide 
range of patient populations, regardless of the under-
lying condition. They are often unresponsive, however, 
to changes in clinically important aspects of a patient’s 
condition. This drawback has led to the use of  disease-

specifi c questionnaires that focus on aspects of health 
status relevant to a particular subset of patients, such as 
cancer patients (22). Several such instruments have been 
developed and validated and are currently in use. 

 One of the most widely used and extensively vali-
dated instruments to evaluate QOL in patients with 
esophageal cancer was developed by the European 
Organization for Research and Treatment of Cancer 
(EORTC). The instrument includes a core cancer-spe-
cifi c scale, the QLQ-30, as well as a supplemental esoph-
ageal-specifi c module, the OES-18, designed to improve 
the sensitivity and specifi city of the core instrument. 
The QLQ-30 is a 30-item scale, which incorporates 
5 functional scales (physical, role, social, emotional, and 
cognitive), a global health scale, and 3 symptom scales 
(pain, nausea/emesis, and fatigue). Six single items assess 
5 additional symptoms common to patients with cancer 
(loss of appetite, insomnia, dyspnea, constipation, and 
diarrhea), as well as the perceived fi nancial impact of the 
disease and its treatment. The OES-18 includes 4 symp-
tom scales (dysphagia, eating, refl ux, and odynophagia) 
and 6 single items (dry mouth, taste, speech, coughing, 
choking, and diffi culty swallowing saliva). In the func-
tion and global QOL scales, a higher score is equivalent 
to better function. In the symptoms scales and items, a 
higher score indicates worse symptoms. In general, a 
mean score difference of 10 points is considered clini-
cally signifi cant. In validation studies, both the core and 
esophageal-specifi c modules were able to distinguish be-
tween esophageal cancer patients undergoing palliative 
versus curative treatment and demonstrated treatment-
induced changes over time (15,18,25). 

 QUALITY OF LIFE AFTER ESOPHAGECTOMY 
FOR CANCER 

 Using the EORTC instrument and other similar scales, 
several investigators have examined functional status, 
symptoms, and overall QOL following esophagectomy 
for esophageal cancer. Not surprisingly, nearly all stud-
ies have found that esophagectomy has a substantial 
negative impact on quality of life, affecting nearly all 
functional domains. Esophagectomy also results in sig-
nifi cant, debilitating, and, often, long-lasting symptoms. 
While QOL often recovers to preoperative levels within 
1 to 2 years after surgery, a signifi cant subset of patients 
experience an irreversible decline in functional status 
and global QOL following esophagectomy. 

 Cross-Sectional Studies 

 In the only population-based study, Viklund et al. evalu-
ated QOL indicators in 282 esophageal cancer patients 
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6 months following esophagectomy from the Swedish 
Esophageal and Cardia Cancer Register (26). Their 
scores were compared to a random reference sample 
from the general population as well as from a group 
of patients with a diagnosis of cancer. Compared to the 
reference group, study patients had signifi cantly dimin-
ished global QOL, functional scores, and general symp-
toms. The most affected functional scales were role and 
social function. Fatigue, appetite loss, diarrhea, and 
dyspnea were the predominant general symptoms in the 
study group. While diffi culty eating was the dominant 
esophageal-specifi c symptom, study patients also had 
diffi culty with cough, refl ux, odynophagia, dysphagia, 
and taste. This study was somewhat limited, however, 
by the short follow-up period and lack of preoperative 
QOL data. 

 In another large cross-sectional study with long-
term follow-up, Deschamps et al. evaluated symp-
toms and QOL measures in 107 patients with stage I 
or II esophageal cancer who had survived longer than 
5 years after esophagectomy (27). Assessed using the 
SF-36, a generic survey instrument, QOL outcomes 
were compared to national norms. The authors found 
that physical function scores were signifi cantly below 
the national norm and energy level was somewhat de-
creased. Conversely, ability to work, social interaction, 
daily activities, emotional function, and health percep-
tion were all similar to the reference population, while 
study patients scored higher than the national norm 
in the area of mental health. Despite fairly good QOL 
scores, however, only 16% of the patients were asymp-
tomatic at the time of the survey. Dysphagia remained a 
problem in 25% of patients, and 43% had required at 
least 1 dilation. Refl ux symptoms were present in 60% 
of patients, half of whom required antacids. Half of 
the patients experienced postprandial dumping symp-
toms and 49% never regained the weight lost following 
surgery. 

 In a similar study, De Boer et al. evaluated 
35 patients 2 to 5 years following transhiatal esoph-
agectomy for esophageal cancer, using a modifi ed 
symptom scale and the SF-36 QOL instrument (28). 
As with the previous study, the authors found that 
most QOL indices were similar to the reference popu-
lation, while emotional function was higher. Yet over 
50% of patients still suffered signifi cant symptoms. 
In particular, patients complained of early satiety, 
fatigue, dysphagia, and heartburn. The authors also 
found that emotional issues, such as worry and psy-
chological irritability, had a greater correlation with 
overall QOL than did disease-specifi c symptoms. In 
both of these studies, the apparently low QOL impact 
of surgery may in part refl ect the generic nature of 
the instrument used to measure QOL. The SF-36 may 
be somewhat less sensitive to the specifi c QOL issues 

of patients with esophageal cancer than other disease-
specifi c scales (29). 

 Longitudinal Studies 

 Other investigators have examined longitudinal effects 
on global QOL, function outcomes, and symptoms fol-
lowing esophagectomy for esophageal cancer. Lagergren 
et al. evaluated QOL with the EORTC instruments in 
47 patients who had survived 3 years after esophagec-
tomy (30). They found that all functional scores, except 
emotional function, had deteriorated signifi cantly after 
surgery (Figure 79.1). By 12 months, however, scores 
for role, cognitive, and social function had returned to 
baseline, whereas scores for global QOL and physical 
function never recovered to baseline levels. By contrast, 
emotional function improved steadily after surgery and 
was better at 3 years than at baseline.  

 The authors also assessed general and esophageal 
symptoms in these patients. Fatigue, pain, sleeplessness, 
and loss of appetite were the dominant general symp-
toms prior to surgery. All symptom scores deteriorated 
after surgery, particularly those for appetite loss and 
dyspnea (Figure 79.2). Within 6 to 12 months, most 
symptom scores had recovered to baseline levels. Dys-
pnea and diarrhea, however, remained signifi cant prob-
lems at 3 years, affecting 50% and 40% of patients, 
respectively. Signifi cant esophageal-specifi c symptoms at 
baseline included dysphagia, eating restrictions, refl ux, 
odynophagia, dry mouth, taste, and coughing. All of these 
symptom scores worsened postoperatively (Figure 79.3). 
Nearly all of these symptom scales had returned to base-
line by 12 months, and dysphagia scores were better at 
3 years than at baseline. Refl ux symptoms, conversely, 
were signifi cantly worse after surgery and never returned 
to preoperative levels, affecting nearly 75% of patients 
at 3 years.   

 Using a mood scale and a QOL tool with some-
what different subscales than those of the EORTC in-
strument, Brooks et al. evaluated mood states and QOL 
over 12 months in 38 patients who had undergone 
esophagectomy (31). They found deterioration in global 
QOL, as well as in the physical and functional subscales, 
after surgery, with a gradual return to baseline scores 
within 9 months. Similarly, scales for esophageal symp-
toms worsened after therapy and returned to baseline 
within 9 months. Emotional and social subscales were 
relatively unaffected by the operation. Overall mood 
dysfunction was highest at baseline and 1 month post-
operatively, with a gradual improvement over 9 months. 
Depression scores, however, remained relatively stable 
throughout the study period. Fatigue was a signifi cant 
problem at 1 month post-op but steadily improved over 
the next several months. 
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 Employing the EORTC scales, Zieren and col-
leagues assessed QOL over 1 year in 30 patients who 
had undergone esophagectomy (20). Their study ex-
cluded those who died or had recurrent disease di-
agnosed within the year. Role and physical function 
 deteriorated signifi cantly following surgery but recov-
ered to baseline levels within 6 to 9 months. Global 
QOL also deteriorated postoperatively but returned 
to baseline levels within 3 to 6 months and exceeded 
preoperative levels by 12 months. Emotional and social 
dysfunction was less common, although 33% had some 
degree of emotional problem, particularly depression 
and anxiety. When present, emotional and social dys-
function had a signifi cant impact on the evaluation of 
overall QOL. Regarding symptoms, dysphagia was the 
dominant symptom before surgery but had improved by 
hospital discharge. Postoperatively, fatigue, weight loss, 
and pain were the most signifi cant symptoms. They all 
returned to baseline by 3 months, however, and were 
better than preoperative levels by 12 months. 

 FACTORS PREDICTING DIMINISHED 
 QUALITY OF LIFE 

 Several studies have evaluated factors associated with 
diminished QOL following esophagectomy. Viklund 
and colleagues examined factors affecting quality of life 
at 6 months postoperatively in 100 patients who had 
undergone esophagectomy for esophageal cancer (32). 
They found that the occurrence of surgical complica-
tions was the main predictor of reduced scores of global 
QOL, physical and role functioning (Table 79.1). In 
particular, complications affecting QOL included anas-
tomotic leak, infection, respiratory insuffi ciency, cardiac 
 complications, and the need for reoperation. QOL was 
not affected by the choice of surgical approach or the oc-
currence of anastomotic stricture. These fi ndings were sup-
ported in the study by Deschamps et al. of 107 patients 
who were over 5 years out from esophagectomy (27). 
These authors found that anastomotic leak was asso-
ciated with decreased physical functioning and health 

FIGURE 79.1

Health-related quality of life function scores among 47 long-term survivors after esophagectomy for esophageal cancer (higher 
scores indicate better function) (30).
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 perception, while the need for dilation adversely affected 
social functioning.   

 In a study with 12 month follow-up, Zieren et al. 
found that tumor recurrence and anastomotic stricture 
were the only factors that signifi cantly correlated with 

lowered quality of life (20). In this study, patients with 
symptomatic recurrent disease had signifi cantly lower 
scores on the global QOL, physical, role, and emotional 
function scales and experienced worse disease symp-
toms than patients who were disease-free at the time of 

FIGURE 79.2

General symptom scores among 47 long-term survivors after esophagectomy for esophageal cancer (higher scores indicate 
worse symptoms) (30).
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the study. Even patients with asymptomatic recurrent 
disease showed lower scores on global QOL and emo-
tional function. Similarly, in a study with 3-year fol-
low-up, Blazeby et al. found that patients who survive 
for at least 2 years after esophagectomy recover most 

 aspects of QOL within 6 to 9 months from surgery (33). 
Patients who die within 2 years, however, suffer an ir-
reversible and progressive decline in QOL, with scores 
similar to patients initially selected for palliative only 
treatment. These 2 studies point to the importance of 
accurate preoperative staging to identify those patients 
who are unlikely to be cured by surgery and who may 
benefi t more, from the QOL standpoint, from less 
aggressive therapies. 

 EFFECT OF ANASTOMOTIC SITE ON 
QUALITY OF LIFE 

 Several studies have suggested that the site of anasto-
mosis following esophagectomy may affect postopera-
tive symptoms. For example, refl ux symptoms appear 
to be more common after intrathoracic than cervical 
anastomosis (34–36). This potential disparity in post-
operative symptoms, combined with the lack of a clear 
survival advantage for either approach, makes the 
effects of operative approach on QOL a more com-
pelling outcome to evaluate when comparing surgical 
strategies. 

 Egberts and colleagues studied 105 patients for 
2 years after esophagectomy using the EORTC QOL 
instrument (4). A third of patients had a cervical anas-
tomosis (25 with concomitant thoracotomy; 8 without), 
and the remainder had an intrathoracic anastomosis. 
In both groups, all QOL functional scores, particularly 
role function, dropped from baseline in the early post-
operative period and never fully recovered to preopera-
tive levels (Figure 79.4). Global QOL also dropped after 
surgery but recovered by 12 months to near- baseline 
levels. There was no signifi cant difference in any of 
the QOL scales between the cervical and intrathoracic 
groups. Overall, symptom scales were also similar be-
tween groups (Figure 79.5). Specifi cally, dysphagia and 
refl ux scores improved over time and were not signifi -
cantly different between groups. Pain and nausea/vomit-
ing, however, were signifi cantly worse in patients with 
intrathoracic anastomoses.   

 In a similar study, de Boer and colleagues compared 
QOL outcomes for 3 years following esophagectomy in 
199 patients who had undergone a transhiatal (THE) 
or extended transthoracic (TTE) resection (37). They 
employed a modifi ed symptom scale, the Rotterdam 
Symptom Checklist, and a generic QOL instrument, the 
SF-20. Results from the symptom surveys revealed that 
physical symptoms and activity level diminished after 
surgery but returned to baseline levels within 1 year. Psy-
chologic symptoms continued to improve after surgery 
and stabilized within the fi rst year above baseline lev-
els. Global QOL, despite an initial drop postoperatively, 
gradually recovered to higher than preoperative levels. 

FIGURE 79.3

Esophageal-specific symptom scores among 47 long-term 
survivors after esophagectomy for esophageal cancer (higher 
scores indicate worse symptoms) (30).
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The only signifi cant differences between the groups 
occurred at 3 and 6 months after operation, where 
 patients who had undergone THE reported signifi cantly 
fewer physical symptoms than those in the TTE group. 
At 3 months postoperatively, the THE patients also had 
better activity levels than TTE patients. By 1 year, how-
ever, these differences between the 2 surgical groups had 
disappeared. 

 Analysis of the generic QOL surveys in this study 
revealed a similar pattern. Following surgery, QOL de-
clined sharply, particularly for physical, role, and social 
functioning. All of these indices returned to baseline 
levels within 6 to 9 months. At 3 months postopera-
tively, QOL was better for THE than TTE patients. 
Although there were no statistically signifi cant differ-
ences beyond that point, there was an overall trend 
toward improved QOL scores for patients in the THE 
group. 

 EFFECTS OF CHEMORADIATION THERAPY 
ON QUALITY OF LIFE 

 The last decade has seen a rise in the use of adjuvant 
and neoadjuvant chemoradiothearapy in the treatment 
of locally advanced esophageal cancer. Because survival 
advantages over surgery alone are still modest, the im-

pact that different therapies have on QOL outcomes 
should play a role in determining optimal treatment 
strategies. Comparative studies to date have evaluated 
QOL measures in multimodal therapy versus surgery 
alone, as well as with defi nitive chemoradiation versus 
surgery. 

 Multimodal Therapy vs. Surgery Alone 

 Blazeby et al. used the EORTC scales to compare QOL 
outcomes over 12 months between patients who had 
received neoadjuvant chemotherapy or chemoradio-
therapy prior to esophagectomy and those undergoing 
surgery alone (38). During neoadjuvant therapy, most 
aspects of QOL deteriorated, and patients experienced 
a rise in general symptoms associated with treatment 
toxicity. After esophagectomy, patients in all groups 
 experienced a sharp decline in physical, role, and social 
function but recovered most aspects of QOL by 6 to 
9 months. Overall, postoperative QOL scores were simi-
lar between all 3 groups of patients, except that those 
who had undergone multimodal therapy reported earlier 
recovery with regard to dysphagia and nausea/vomiting 
than those who had undergone surgery alone. Despite 
having a temporary negative effect on QOL, neoadju-
vant therapy did not delay postoperative recovery of 
QOL measures. 

TABLE 79.1
Surgery-Related Factors and Variables Representing Global, Physical and Role Measures of Quality 

of Life Among 100 Patients after Esophagectomy for Cancer of the Esophagus or Gastric Cardia 
(Higher Score Indicates Better Quality of Life) (32)

Variable Patients (number)

Measures of quality of life in mean scores (score) with standard 
deviations (SD) and P-values (P)

Global score (SD) Physical score (SD) Role score (SD)

No complication 
(reference)

56 65 (21) 82 (19) 74 (30)

Reoperation  9 56 (26) P = 0.42 63 (23) P = 0.014* 37 (31) P = 0.002* 

Anastomotic leakage  8 53 (16) P = 0.10 65 (19) P = 0.024* 38 (32) P = 0.008* 

Infections  9 48 (23) P = 0.05* 62 (25) P = 0.024* 43 (32) P = 0.01* 

Respiratory 
insufficiency

14 51 (26) P = 0.08 68 (22) P = 0.03* 48 (31) P = 0.007* 

Cardiac complications 10 49 (22) P = 0.04* 71 (25) P = 0.13 53 (29) P = 0.05 

Technical 
complications

 7 61 (22) P = 0.67 73 (19) P = 0.16 50 (36) P = 0.08 

Anastomotic strictures  4 60 (30) P = 0.90 87 (22) P = 0.51 71 (39) P = 1.00 

With kind permission from Springer Science+Business Media: World Journal of Surgery, Influence of Surgery-related Factors on Quality 
of Life after Esophageal or Cardia Cancer Resection, Pernilla Viklund, July 1, 2005; 29(7), 841–848.
*Statistically significant difference.
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FIGURE 79.4

Comparison of functional scores in patients after esophagectomy with either a cervical or intrathoracic anastomosis. Mean 
values of corresponding items are displayed and 95% confidence interval is indicated as error bars. Functional scores of an 
age-matched healthy population is shown in dotted lines (4). With kind permission from Springer Science+Business Media: 
World Journal of Surgery, Influence of Surgery-related Factors on Quality of Life after Esophageal or Cardia Cancer Resection, 
Pernilla Viklund, July 1, 2005; 29(7), 841–848.

 These fi ndings were echoed in a similar study by 
Reynolds and colleagues (39). These authors also used 
the EORTC instruments to compare QOL over 1 year in 
202 patients who had undergone esophagectomy with 
or without neoadjuvant chemoradiotherapy. Physical 
and role function scores were reduced  preoperatively 
in the multimodal treatment group, although dyspha-
gia scores had improved. In both groups, most QOL 

measures had recovered to baseline levels by 6 months. 
In the surgery-alone group, however, physical and role 
function remained impaired at 12 months, while social 
functioning and fi nancial concerns were problematic 
for the multimodal treatment group. Finally, global 
QOL scores were better in those who had under-
gone multimodal therapy than those who had surgery 
alone. 



FIGURE 79.5

Comparison of symptom scores in patients after esophagectomy with either a cervical or intrathoracic anastomosis. Mean 
values of corresponding items are displayed and 95% confidence interval is indicated as error bars ( P  = 0.025) (4). With kind 
permission from Springer Science+Business Media: World Journal of Surgery, Influence of Surgery-related Factors on Quality of 
Life after Esophageal or Cardia Cancer Resection, Pernilla Viklund, July 1, 2005; 29(7), 841–848.
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 Defi nitive Chemoradiation vs. Surgery 

 Avery et al. compared short-term QOL outcomes 
 between defi nitive chemoradiation therapy and sur-
gery in patients with locally advanced esophageal 
cancer (29). At the expected worst time (12 weeks 
after starting chemoradiotherapy and 6 weeks after 
esophagectomy), patients in the surgery group showed 
a greater decline in physical, role, and social function 
and reported more problems with fatigue, dyspnea, 
nausea/vomiting, and diarrhea than patients treated 
with chemoradiotherapy. At the expected recovery time 
(9 months after chemoradiotherapy and 6 months after 
esophagectomy), QOL scores had returned to baseline 
levels in the chemoradiotherapy group. In the surgery 
group, however, scores for role function, dyspnea, di-
arrhea, and cough remained well below baseline lev-
els. Furthermore, refl ux symptoms were signifi cantly 
worse for patients who had undergone surgery. This 
study was somewhat limited by the fact that some pa-
tients in the surgery group had undergone multimodal 
therapy, which may have had an impact on QOL scores 
for these patients. 

 As part of a multicenter, randomized trial com-
paring chemoradiation plus surgery to chemoradiation 
alone for locally advanced esophageal cancer, Bon-
netain and colleagues evaluated QOL measures over 
2 years after treatment (40). They used the Spitzer 
Index, a cancer-specifi c questionnaire that is completed 

by the provider and not the patient. The authors found 
that the QOL Index was signifi cantly worse in the sur-
gery arm at the fi rst follow-up after treatment. How-
ever, there were no signifi cant differences in QOL over 
time and longitudinal QOL among 2-year  survivors 
did not differ between treatment groups. As with other 
studies discussed, the lack of a disease-specifi c QOL 
instrument may have limited the ability of this study 
to detect differences in esophageal-specifi c treatment 
effects. 

 CONCLUSION 

 Esophagectomy has a signifi cant negative impact on 
most aspects of health-related QOL. While QOL typi-
cally improves over the fi rst 1 to 2 years, many aspects 
may not return to baseline levels. This appears especially 
true in patients who develop recurrent disease or suf-
fer major complications from surgery. While esopha-
gectomy is generally successful at relieving dysphagia, 
patients are often left with long-lasting and sometimes 
debilitating symptoms, particularly refl ux, dyspnea, and 
diarrhea. These detrimental treatment effects, combined 
with the overall poor prognosis, underline the value of 
including QOL outcomes when comparing different 
therapies or making treatment decisions. From the pa-
tient perspective, these outcomes may prove to be the 
most important. 
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  80  Proper Follow-Up 
after Defi nitive Therapy 

 Marek Polomsky
Jeffrey H. Peters 

he epidemiology of esophageal 
cancer has dramatically changed 
over the past few decades, with in-
creasing numbers of people being 
diagnosed with adenocarcinoma, 

and especially patients younger than 50 years old (1,2). 
Several developments have resulted in increasing num-
bers of patients surviving long term. Improvements in 
preoperative staging, such as detection of occult esopha-
geal cancer at an earlier stage when the disease is con-
fi ned to the mucosa or submucosa, have contributed to 
this prolonged survival (3). The link between Barrett’s 
esophagus and esophageal adenocarcinoma has been es-
tablished, resulting in increasing surveillance programs 
through liberal use of fl exible endoscopy to investigate 
foregut symptoms, which has also increased patients 
having surgical resection and improvement in long-term 
survival (4). New surgical techniques, including the en 
bloc esophagectomy for control of locoregional disease, 
and new neoadjuvant and adjuvant therapies have also 
resulted in increasing numbers of patients surviving long 
term (5). Yet the risk of developing locoregional or sys-
temic recurrence remains all too common. As such, clini-
cal follow-up of patients post resection and the potential 
benefi t of diagnostic strategies aimed toward the early 
identifi cation of recurrent disease have gained increasing 
importance. 

 There is no current consensus on either the method-
ologies for, or the benefi ts of postoperative surveillance 
in patients with resected esophageal cancer. No pro-
spective randomized control trials exist, and few other 
studies are available to guide recommendations. Thus, 
most clinicians follow individual follow-up routines that 
range from nothing to quarterly clinical, biochemical, 
and radiographic assessment. The ideal radiologic, labo-
ratory, and endoscopic modalities are unknown, as is the 
optimal frequency of evaluation. The ultimate goal of a 
surveillance strategy is to increase survival and improve 
quality of life. Whether early detection and treatment of 
recurrent disease accomplishes this is also unknown. 

 RECURRENCE PATTERNS FOLLOWING 
ESOPHAGECTOMY AND THE BENEFIT 

OF TREATMENT 

 Knowledge of the timing and patterns of recurrence 
following esophagectomy for cancer is fundamental to 
any surveillance strategy. Esophageal cancer may recur 
locally, within the fi eld of previous resection, within 
distant nodes outside the fi eld of dissection, or systemi-
cally. These patterns have been studied in a variety of 
settings over the past several decades. The vast major-
ity (75%–80%) of recurrences occur in the fi rst 2 years 

 T
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to 47% (Table 80.1) (7–10). Hulscher et al. examined 
recurrence patterns in 149 patients following transhiatal 
resection alone (7). The median interval between opera-
tion and recurrence was 11 months, ranging from 1.4 to 
62.5 months. At a median follow-up of 2 years, slightly 
over half of the patients (52.6%) developed recurrent 
disease. Half of these were locoregional only, one-fourth 
systemic, and one-fourth both (Table 80.2).   

 In contrast, local recurrence rates after en bloc 
esophagectomy have been reported to be as low as 1% 
to 10% (Table 80.1) (11–15). Hagen et al. reported 
 recurrence patterns in 100 patients following 2-fi eld 
en bloc esophagogastrectomy (13). Only 1 of the 100 
patients developed recurrence within the resection fi eld 
(Table 80.3). Nodal recurrence outside of the surgical 
fi eld  occurred in 9 patients at a median of 35 months 
post resection. Systemic recurrence developed in 31 pa-
tients (31%) at a median of 10 months post resection. 
The risk of systemic recurrence increased with trans-
mural invasion, more than 4 lymph nodes, and ratio of 
involved to uninvolved nodes greater than 10%. The 
evidence strongly suggests that transthoracic en bloc 
resection results in better control of local-regional dis-
ease. This is in contrast to the widespread practice of 
relying on adjuvant radiochemotherapy to improve local 

 FIGURE 80.1 

 In examining 108 patients that had recurrence after esopha-
gectomy for SCC, the majority of recurrences occurred in the 
first 2 years following resection. (Law et al. 1996) 

 TABLE 80.1 
 Reported Ability of Transthoracic EBE and THE to 

Control Locoregional Disease 

Author Year
No. of 

subjects
Local 

recurrence (%)

EBE    

Matsubara et al. (11) 1994 171 10%

Altorki & Skinner (12) 2001 111 8%

Hagen et al. (13) 2001 100 1%

Collard et al. (14) 2001 324 4%

Swanson et al. (15) 2001 250 5.6%

Range 1%–10%

THE    

Hulscher et al. (7) 2000 137 23%

Becker et al. (8) 1987 35 31%

Gignoux et al. (9) 1987 56 47%

Nygaard et al. (10) 1992 186 35%

Range   23%–47%

Modified from Johansson J, DeMeester TR, Hagen JA, et al. En 
bloc vs. transhiatal esophagectomy for stage T3 N1 adenocarci-
noma of the distal esophagus. Arch Surg. 2004;139:627–631.

post resection (Figure 80.1) (6). The probability of re-
currence is highly associated with T and N stage, with 
both the presence of and number of metastatic lymph 
nodes being the most signifi cant predictors of both local 
and systemic recurrence.   

 Several studies have shown the local recurrence rates 
after transhiatal esophagectomy to be in the range of 23% 

 TABLE 80.2  
 Recurrence Pattern of Esophageal Carcinoma after 

Transhiatal Resection 

Recurrence N
% of 

patients
% of 

recurrences

Local only 32/72 21% 45%

Systemic only 21/72 14% 29%

Both 19/72 12% 26%

Modified from Hulscher, van Sandick JW, Tijssen JG, et al. The 
recurrence pattern of esophageal carcinoma after transhiatal 
resection. J Am Coll Surg. 2000;191:143–148.

 TABLE 80.3  
 One Hundred En Bloc Resections for Esophageal 

Adenocarcinoma 

Patterns of recurrent disease

Within the operative field: 1 patient

Systemic metastases: 31 patients

Latent nodal metastates: 9 patients

Modified from Hagen JA, DeMeester SR, Peters JH, et al. Cura-
tive resection for esophageal adenocarcinoma: analysis of 100 
en bloc esophagectomies. Ann Surg. 2001;234:520–530.
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control, which has not seen great success (Table 80.4). 
Nigro et al. reported that virtually all tumor recurrences 
in patients after en bloc resection were either distant 
(nodes outside the fi eld of dissection) or systemic (3).   

 The impact of adjuvant therapy on both local and 
systemic recurrence has been reported in several studies. 
Shimada et al. analyzed 258 patients undergoing radical 
esophagectomy with extended lymphadenectomy with 
various adjuvant therapies for esophageal SCC between 
1990 and 1998 to determine treatment response and 
prognostic factors in patients with recurrent esophageal 
cancer (16). Ninety-fi ve (37%) patients had a recur-
rence with mean follow-up of 22 months. Recurrence 
occurred in lymph nodes in 45 (47%) patients and in 
distant metastases in 35 (37%) patients. Overall clini-
cal response was seen in 26 of 76 (34%) patients who 
had recurrence treated nonsurgically with chemotherapy 
or radiotherapy. One-year survival after recurrence was 
higher in treatment group versus non-treated group (31% 
vs. 0%,  P  <  .001) (Figure 80.2). One-year survival after 
recurrence was higher in the responder group versus the 

nonresponder group (60% vs. 17%,  P  < .001) (Figure 
80.3). Treatment response was signifi cantly associated 
with type of recurrence, history of perioperative adju-
vant therapy, time of recurrence, number of recurrent 
tumors, albumin concentration, S-CRP, and S-p53-Abs. 
Since S-CRP and S-p53-Abs were independent prognos-
tic factors after multivariate analysis, the authors point 
out the markers as potential promising predictive fac-
tors. Patients who do not respond to treatment can be 
spared signifi cant side effects and toxicities of the vari-
ous chemoradiotherapy treatments.   

 In a multi-institutional randomized trial compar-
ing preoperative chemotherapy followed by surgery with 
surgery alone for patients with local and esophageal can-
cer, Kelsen et al. demonstrated that preoperative chemo-
therapy (combination of cisplatin and fl uorouracil) did 
not improve overall survival (17). Preoperative chemo-
therapy also did not affect the rate of overall recurrence 
at locoregional or distant sites. However, when assess-
ing patients whose resection was curative, the patients 
with surgery alone had higher frequency of fi rst failures 
of therapy at a distant site of disease than the patients 
who received preoperative chemotherapy (50% vs. 
41%), whereas locoregional failure was equal between 
the 2 groups (Table 80.5). In the United Kingdom, the 
Medical Research Council Adjuvant Gastric Infusional 
Chemotherapy (MAGIC) trial that assessed patients with 
resectable adenocarcinoma of the stomach, esophago-
gastric junction, or lower esophagus randomly assigned 
to either perioperative chemotherapy and surgery (250 
patients) or surgery alone (253 patients), local recur-
rence occurred in 14.4% of perioperative chemotherapy 
group vs. 20.6% of surgery-alone group, as compared to 
distant metastases occurring in 24.4% of perioperative 
chemotherapy group vs. 36.8% of surgery-alone group 
(18). Similarly pointed out, preoperative chemotherapy 
decreases systemic but not locoregional recurrence.   

 TABLE 80.4  
 Local Recurrence after Varied RO Surgical 

Resections 

Surgical resection n

Local recurrence 
within

operative field

En bloc (13) 94 1%

Ivor-Lewis (47) 100 14%

Transhiatal (7) 144 35%

Chemo & surgery (17) 124 32%

Chemo & RT & surgery (48) 50 19%

 FIGURE 80.2 

 Treatment response and prognosis of patients after recurrence 
of esophageal cancer. (Shimada et al. 2003) 

 FIGURE 80.3 

 Treatment response and prognosis of patients after recurrence 
of esophageal cancer. (Shimada et al. 2003) 
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 The ability of radiation therapy to control local dis-
ease has not been shown conclusively (Table 80.6) (19). 
Hofstetter reported the outcomes of 994 patients who 
underwent esophageal resection from 1970 to 2001 (20). 
The overall recurrence rate was 43%. Of 216 patients 
that received neoadjuvant chemoradiation, locoregional 
recurrence was signifi cantly less (17% vs. 25%,  P  = .01), 
and there was a tendency toward less distant recurrence 
(31% vs. 35%,  P  = .12). A meta-analysis of randomized 
controlled trials of neoadjuvant chemoradiation versus 
surgery alone revealed lower locoregional recurrences 
with an odds ratio of 0.38 when compared to those not 
receiving neoadjuvant treatments (21). 

 CLINICAL AND DIAGNOSTIC FOLLOW-UP 
METHODOLOGIES 

 The clinical intensity and diagnostic modalities em-
ployed during postoperative follow-up for esophageal 
and other solid tumors vary greatly. That being said, the 
basis of every follow-up routine is a detailed history and 
thorough physical examination. The questions asked in 
the interview should focus on the symptoms that may 
relate to recurrence; in esophageal cancer, for example, 
this would include evidence of weight loss, anorexia, 
 fatigue, pain, and recurrent dysphagia. 

 Regular follow-up visits have been recommended 
for colorectal follow-up, even in the most simple sur-
veillance strategies. It seems appropriate that offi ce visits 
every 3 months, at least for the fi rst 2 years, should form 
the basis for esophageal cancer follow-up. Since the 
median time to systemic recurrence is less than 1 year, 
laboratory studies including liver function tests should 
be also obtained, preferably concomitantly with each 
 offi ce visit. 

 Patients who present with signs or symptoms of re-
currence, pertinent evaluation should be obtained, possi-
bly including chest X-ray, laboratory studies, endoscopy, 
barium esophagram, CT and/or PET scanning. Although 
barium esophagram is useful in the preoperative evalu-
ation of esophageal cancer, no studies demonstrate its 
utility in postoperative surveillance. 

 Endoscopic Evaluation 

 The utility of endoscopy and endoscopic ultrasound 
prior to esophageal resection has been established (22). 
Few studies, however, assess the utility of upper endos-
copy and endoscopic ultrasound (EUS) after resection. 
Conventional endoscopy with liberal biopsy will miss 
extramural recurrence. Although EUS may aid as a di-
agnostic tool in the detection of anastomotic recurrence 
and locoregional recurrence, it is unclear if it improves 

 TABLE 80.5  
 Patterns of First Failure Following Resection for 

Esophageal Carcinoma 

Outcome Surgery
Chemotherapy & 

surgery

Resection RO 
 (curative) 129 124

Failure pattern No. (%) No. (%)

Locoregional 24 (19) 31 (25)

Local plus distant 15 (12) 9 (7)

Distant only 49 (38) 42 (34)

Any local 39 (31) 40 (32)

Any distant 64 (50) 51 (41)

Modfied from Kelsen DP, Ginsberg R, Pajak TF, et al. Chemo-
therapy followed by surgery compared with surgery alone for lo-
calized esophageal cancer. N Engl J Med. 1998;339:1979–1984.

 TABLE 80.6  
 Combined-Modality Therapy for Esophageal Cancer: 

Patterns of Failure 

 High dose
(64.8 Gy)
(n = 109)

Standard dose
(50.4 Gy)
(n = 109)

 No. % No. %

Alive/no failure 21 19 27 25

Any failure 88 81 82 75

Persistent local 
 disease 36 33 37 34

Local failure 10 9 13 12

Regional failure 8 7 8 7

Distant failure 10 9 17 16

Regional and distant 
 failure 0 0 2 2

Total local/regional 
 persistence/failure 54 50 60 55

Treatment-related death 11 10 2 2

Second primary cancer 4 4 1 1

Cancer death/or not 
 specified 3 3 0 0

Dead of intercurrent 
 disease 6 6 2 2

Modified from Kelsen DP, Ginsberg R, Pajak TF, et al. Chemo-
therapy followed by surgery compared with surgery alone for lo-
calized esophageal cancer. N Engl J Med. 1998;339:1979–1984.
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detection over conventional studies such as CT and is 
unlikely to alter survival, particularly in patients that are 
asymptomatic. 

 Catalano et al. reported a review on EUS in 30 
 asymptomatic and 10 symptomatic patients 1 to 2 years 
after resection (23). Ten percent (3/30) of asymptomatic 
patients were found to have unsuspected recurrence at 
the anastomosis. Of these, 1 patient had a positive endo-
scopic biopsy, and none were detected on CT scan. Forty 
percent (4/10) of symptomatic patients had recurrence 
on EUS, all of which were seen on standard endoscopy 
with biopsy. One patient in the asymptomatic group un-
derwent resection. In both groups, patients with recur-
rence had either transumural (T3, T4) or lymph node 
involvement (N1) at initial surgery. The authors recom-
mend surveillance EGD-EUS at 6-month intervals for 
2 years in patients with transmural and/or lymph node 
involvement. 

 Fockens et al. studied 43 asymptomatic patients 
after localized resection of cancer of esophagus or gas-
tric cardia that were followed at 6-month intervals for 
2 years by EUS (24). Sixteen out of 66 examinations 
were abnormal, demonstrating 100% sensitivity, 96% 
specifi city, and PPV of 92%, when focusing on suspi-
cious lymph nodes or focal wall thickening. Sixty-seven 
percent of patients were without symptoms when re-
currence was discovered. Authors concluded that EUS 
should be used as an adjunctive modality to conven-
tional endoscopy for postoperative surveillance. 

 Muller et al. reported a retrospective analysis of 
27 patients with EUS after gastric resection, 10 patients 
after esophageal resection, and 49 patients after trans-
anal or anterior resection of rectal or sigmoid carcinoma 
(25). Endoscopic ultrasound had sensitivity of 92% and 
specifi city of 84% for examination after esophageal 
 resection and partial or total gastrectomy, and sensi-
tivity of 98% and specifi city of 66% after sigmoid or 
rectal resection, prompting authors to conclude that en-
doscopic ultrasound is an accurate means of detecting 
tumor recurrence. 

 CT, PET, and PET/CT 

 Computed tomography (CT) and/or FDG-PET scanning 
are routinely used in the preoperative staging of esopha-
geal carcinoma. FDG-PET may be useful for re-staging 
following neoadjuvant chemotherapy and/or chemora-
diation (26). There is considerably less data assessing 
the benefi t of CT scan, PET scan, or combined PET/CT 
surveillance on survival following esophageal cancer re-
section. Few studies have tried to ascertain the detection 
rates of esophageal cancer recurrence following surgi-
cal resection. PET scan has shown to be sensitive for 
whole body assessment of systemic disease and recur-
rence (27). 

 BENEFITS OF POSTOPERATIVE FOLLOW-UP 
STRATEGIES IN NON-ESOPHAGEAL 

SOLID TUMORS 

 Given the paucity of data regarding the ideal follow-up 
strategy for esophageal cancer, a review of studies fo-
cused upon other GI solid tumors is useful. The most 
widely studied solid tumor is colorectal cancer. Follow-
up strategies in colorectal cancer vary from relatively 
simple, including history and physical examinations 
and CEA laboratory monitoring, to considerably more 
intensive, including regular CT scans, chest X-rays, ab-
dominal ultrasound, and colonoscopy. In general, the 
more resource-intense programs focus on later stage II 
and III patients, since stage I patients are cured by resec-
tion alone having 93% 5-year survival (28). 

 The American Society of Clinical Oncology (ASCO) 
published updated colorectal surveillance guidelines in 
2005 based on 3 meta-analyses of 6 randomized trials 
comparing various surveillance programs (Table 80.7) 
(29). Four trials compared intensive to minimal follow-
up, and 2 trials compared intensive to conventional 
follow-up (30–35). Testing strategies and follow-up spe-
cifi cs varied slightly among the studies. Postoperative CEA 
levels and liver imaging were used in 4 of the trials. Five 
of the 6 individual trials failed to demonstrate a survival 
benefi t of the more intensive follow-up program. Signifi -
cant methodologic criticisms have been made, however. 
Some of the studies lacked power to detect signifi cant dif-
ferences. The method of randomization was not fully de-
scribed in each study. Four of the 6 studies included stage 

 TABLE 80.7  
 Randomized Trials of Follow-Up in Colorectal 

Cancer after Resection 

 5-Year survival 
rate (%)

Author Year
Less 

intense
More 

intense

Makela et al. (30) 1995 54 59

Ohlsson et al. (31) 1995 67 75

Kjedsen et al. (32) 1997 68 70

Schoemaker et al. (33) 1998 70 76

Pietra et al. (34) 1998 58 73 (P < .05)

Secco et al. (35) 2002 48 63

Modified from Desch CE, Benson AB III, Somerfield MR, et al. 
Colorectal cancer surveillance: 2005 update of an American 
Society of Clinical Oncology practice guideline. J Clin Oncol. 
2005;23:8512–8519.
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I patients, and, given their favorable outcome, may have 
limited the ability to detect differences between surveil-
lance groups. Very little data on the complications and 
consequences of follow-up testing or quality of life in 
follow-up programs were provided.   

 In contrast to the individual studies, several meta-
analyses have demonstrated increased survival follow-
ing an intensive follow-up program therapy (Table 80.8) 
(36–38). This includes a 7% absolute risk reduction of 
intervention compared to control for pooled 5-year mor-
tality rate, with a RR of 0.80–0.81. Of note, the number 
of recurrences was similar in both groups (intensive vs. 
control). However, patients with more intensive surveil-
lance had earlier documentation of recurrence and the 
incidence of asymptomatic recurrence was signifi cantly 
more common in the intensive follow-up group as op-
posed to the less intensive group. Patients with more 
intensive surveillance were more likely to have surgery 
for metastatic or recurrent disease, with a higher reop-
eration rate. In addition, the use of CEA screening and 
liver imaging during follow-up demonstrated a survival 
benefi t in the pooled analysis. Thus, earlier detection 
leading to reoperation when possible, particularly in 
asymptomatic patients, and the use of CEA levels and 
liver CT scans may explain improved survival of more 
intensive surveillance in colorectal cancer. This occurs at 
the expense of increased cost, potential complications, 
and perhaps lessened quality of life of a more intensive 
surveillance program.   

 Current guidelines for surveillance following resec-
tion for colorectal cancer include: 

 1.  Offi ce visits with full history and physical every 3 
to 6 months for fi rst 3 years, every 6 months during 
years 4 and 5, and yearly thereafter. 

 2. CEA every 3 months for fi rst 3 years. 
 3. Annual CT scan for fi rst 3years. 

 4.  Preoperative or perioperative colonoscopy or within 
6 months of surgery, then after 3 years, and if normal 
every 5 years. 

 Surveillance methods not recommended following 
resection for colorectal cancer include fecal occult blood 
test, CXR, LFTs, CBC, and PET scan. 

 Tjandra et al. recently performed a meta-analysis 
that included 2 further randomized trials in addition to 
the previous 6 trials reviewed above (39). Consistent 
with the previous meta-analyses, the results confi rmed 
a reduction in mortality given a more intensive surveil-
lance protocol. Overall mortality was 21.8% in the 
intensive follow-up group compared to 25.7% in the 
minimal follow-up group (OR = .74,  P  = .01). Cancer-
related mortality was not signifi cantly different between 
the 2 groups, however (11.5% vs. 12.5%, OR = .91, 
 P  = .52). Mortality was signifi cantly lower in patients 
followed with CEA, colonoscopy, CXR, and liver USG 
compared to control patients that did not use those mo-
dalities. Similar to previous reports, there was no differ-
ence between all-site recurrence, although the incidence 
of  asymptomatic recurrence and the curative reoperation 
rate was higher in the more intensive follow-up group. As 
mentioned, the survival benefi t from intensive follow-up 
was not related to improvement in cancer-related mor-
tality. Detecting an earlier phase of disseminated disease, 
coupled with the morbidity and mortality of subsequent 
therapy for recurrent disease, may balance the benefi t 
of earlier intervention. Thus other factors, such as psy-
chologic and behavioral changes as well as dietary and 
lifestyle modifi cations, may be attributed for the overall 
survival benefi t. Further studies are needed to optimize 
the surveillance strategies. 

 As in esophageal cancer, surveillance strategies for 
gastric cancer have been less well defi ned. Most (95%) 
of patients with gastric cancer will recur within 4 years 

TABLE 80.8 
Meta-Analyses of Colorectal Cancer Post-Treatment Surveillance Randomized Control Trials

Author Year
No. of articles 

analyzed

5-Year mortality 
across trials

Absolute risk 
difference

Effect on 5-year 
mortality

Control Intervention % 95% CI RR 95% CI

Figueredo et al. (36) 2003 6 37% 30% 7 3 to 12  0.8 .7 to .91

Renehan et al. (37) 2002 5 37% 30% 7 2 to 12 0.81 .7 to .94

Jeffery et al. (38) 2002 5 37% 30% 7 2 to 12 0.81 .53 to .84

Modified from Desch CE, Benson AB III, Somerfield MR, et al. Colorectal cancer surveillance: 2005 update of an American Society of 
Clinical Oncology practice guideline. J Clin Oncol. 2005;23:8512–8519.
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FIGURE 80.4

Overall survival, disease-free survival, and survival after 
 detection of recurrence in 197 patients with gastric  carcinoma 
who had recurrent disease after curative resection. (Kodera 
et al. 2003)

of curative resection (40). Kodera et al. reviewed 197 pa-
tients with recurrence enrolled in a follow-up program 
following curative resection from 1985 to 1996 (41). 
Half (50%) of the recurrences were diagnosed within 
1 year and 75% within 2 years after surgery. Eighty-eight 
patients (45%) were asymptomatic when the recurrence 
was fi rst diagnosed. Detection of early asymptomatic 
recurrences allowed more patients to be treated with 
chemotherapy and undergo resection of metastatic le-
sions. Overall survival after curative resection was not 
different between the symptomatic and asymptomatic 
recurrence, however. This was due to the detection and 
diagnosis of symptomatic recurrence later after surgery 
than the asymptomatic recurrence. Even though survival 
after detection was longer, the disease-free survival was 
shorter, resulting in no effect on overall survival (Figure 
80.4). The authors concluded that surveillance strategies 
that pick up earlier asymptomatic recurrence may not be 
worth the cost and effort because they do not increase 
overall post-resection survival.   

 In a larger study from a tertiary referral center 
where a high volume of curative gastric surgery is per-
formed, Bennett et al. examined 561 gastric cancer 
patients with recurrence following curative resection 
from 1985 to 2000 (42). The aim of the study was to 
elucidate outcomes following detection of recurrence 
and to look at variables that may be prognostic and 
predictive of postrecurrence survival. Median survival 
was 13.5 months for asymptomatic patients and 4.8 
months for symptomatic patients, a signifi cant differ-
ence ( P  < .001). Median disease-specifi c survival was 
29.4 months for asymptomatic patients and 21.6 months 
for symptomatic patients ( P  < .05). Disease-free survival 

(or recurrence-free survival) was similar in symptoma-
tic and asymptomatic patients (12.4 vs. 10.8 months, 
 P  = ns). Thus the difference in overall and postrecur-
rence survival is not due to lead time bias of the disease-
free survival as was seen in previous studies. Improved 
overall survival likely resulted from earlier detection of 
asymptomatic recurrence (Figure 80.5). Variables asso-
ciated with poor postrecurrence survival included symp-
tomatic recurrence, advanced stage, poor differentiation, 
short disease-free interval, and multiple sites of recur-
rence. This study points out that following detection of 
recurrence, survival patterns in asymptomatic patients 
are more favorable than with symptomatic patients.   

 These data taken together suggest that for colorec-
tal and gastric cancer, a more intensive surveillance stra-
tegy may improve postrecurrence and overall survival. 

 FOLLOW-UP STRATEGIES IN 
ESOPHAGEAL CANCER 

 The current NCCN oncology practice guidelines for fol-
low-up of esophageal cancer include: 

 1.  History and physical examinations every 4 months for 
1 year, every 6 months for 2 years, and then annually. 

 2.  Blood chemistry profi le and CBC as clinically 
indicated. 

 3.  Chest X-ray and other radiologic modalities as clini-
cally indicated. 

 4.  Endoscopy as clinically indicated, although not man-
datory on scheduled visits. (43) 

 These guidelines are, of course, relatively vague, leaving 
considerable room for individual variability. 

 Kato et al. studied 55 patients with thoracic esoph-
ageal squamous cell carcinoma who underwent radical 
esophagectomy and were followed by PET twice per year, 
CT 3 times per year, and endoscopy once during fi rst 
2 years if asymptomatic (44). Symptomatic patients had 
earlier and additional evaluations. There were a total of 
27 (49%) recurrences in the 55 patients, 19/55 (35%) 
locoregional, and 15/55 (27%) distant, with 8/55 (15%) 
being symptomatic. In patients with locoregional recur-
rences, FDG-PET had 100% sensitivity, 75% specifi city, 
and 84% accuracy, which compared to 84%, 86%, and 
85% for CT. There was a high false-positive rate leading 
to low specifi city due to increased physiologic uptake 
in the gastric tube. In patients with distant recurrence, 
FDG-PET had an 87% sensitivity, 95% specifi city, and 
93% accuracy, which compared to 87%, 98%, and 95% 
for CT. FDG-PET was better diagnostically in locore-
gional recurrence, whereas it and CT were equal with 
distant mets. In addition to the low specifi city due to 
FDG uptake in gastric graft, further limitations of PET 
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scan include poorer spatial resolution than CT scan and 
partial volume effects leading to missing small tumors. 
CT scan has diffi culty in distinguishing the esophagus 
and its surroundings and thus its limited use in picking 
up locoregional recurrences. The authors conclude that 
combined PET-CT is likely to be most useful for detect-
ing asymptomatic recurrences in patients following cu-
rative resection. 

 There are remarkably few studies of the benefi t of 
treatment once recurrence is identifi ed. A few small series 
or case reports of surgical resection of isolated metastases 
have been reported. Yamashita and colleagues in Tokyo 
compared 16 patients with supraclavicular or mediasti-
nal nodal recurrence treated with salvage radiotherapy 

(56.6 Gy) with or without chemotherapy to 39 patients 
with mediastinal or distant recurrence treated with pallia-
tive radiotherapy and 27 patients  receiving planned post-
operative radiotherapy (45). The median survival was 
13.8 months in the salvage treatment group, 3.5 months 
in the palliative therapy group, and 19.1 months in pa-
tients receiving planned postoperative treatment. Fifty-six 
percent of the salvage group survived 1 year, and 19% of 
the salvage group survived 2 years. The authors concluded 
that symptomatic relief occurred in a substantial percent-
age of patients and that long-term survival was possible. 
Although this study is far from perfect and is concerned 
with a different treatment group, it does suggest that 
treating postoperative recurrence may be benefi cial. 

FIGURE 80.5

Recurrence-free survival, disease-free survival, and overall disease-specific survival of 282 symptomatic and 99 asymptomatic 
patients who had gastric cancer recurrence after resection. (Bennet et al. 2005)
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 The authors’ practice includes an offi ce visit, 
symptom assessment, and weight, along with CBC, 
liver functions tests, and CT scan every 3 months for 
the fi rst 2 years, every 6 months for next 3 years, and 
annually after 5 years. More recently, a combined PET/
CT is included annually in place of a CT scan. Given 
a median time to recurrence of less than 1 year, and 
the majority of recurrences occurring within 2 years, 
surveillance is frequent for fi rst 2 years postoperatively. 
Following 2 years, the frequency may be decreased in 
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asymptomatic individuals without signs of recurrence. 
While evidence-based data specifi c to  esophageal  cancer 
are lacking, early recognition of recurrent disease is 
likely benefi cial. Unlike the routine use of colonoscopy 
for CRC surveillance, upper endoscopy is uncommonly 
fruitful, as anastomotic and intraluminal recurrence is 
uncommon. Prospective trials and retrospective studies 
with cost analysis are needed to further clarify post-
operative surveillance strategies following curative 
resection. 
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atients with esophageal cancer have 
a high burden of symptoms includ-
ing pain, dysphagia, nausea, and 
dyspnea (1,2). These symptoms 
can arise from the disease itself as 

well as from the therapies used to treat it. They can arise 
at any point in the course of illness and can signifi cantly 
 diminish quality of life. Palliative care is the fi eld of med-
icine focused on symptom management and improving 
quality of life for patients living with a life-threatening 
illness such as esophageal cancer. Palliative care exper-
tise includes the assessment and treatment of pain and 
other symptoms, and the relief of suffering caused by 
physical, psychosocial, and spiritual aspects of disease. 
Unlike hospice, which requires that a physician endorse 
a 6-month prognosis in order for a patient to qualify 
for service, palliative care, sometimes also referred to 
as supportive care, is provided in conjunction with cu-
rative treatment at any point in the disease trajectory 
from the time of diagnosis (Figure 81.1). As a patient 
becomes sicker, palliative care may become a greater 
focus of care either because curative treatments are no 
longer available or because the patient no longer desires 
them. Palliative care is provided by an interdisciplinary 
team including physicians, nurses, social workers, phar-
macists, psychologists, and chaplains (3,4). Palliative 
care teams not only treat the patient but also attend to 
the needs of the family, understanding that family can 

include any person the patient identifi es as part of their 
support network. Palliative care is best started early in 
the course of illness and across multiple-care settings; 
therefore, communication among the varied settings and 
continuity of care is essential to achieving quality care 
for patients (Table 81.1).   

 While  palliative care  refers to an approach to care 
focused on symptom management and improving quality 
of life,  palliative medicine  is used to describe the medical 
specialty focused on providing palliative care. Despite 
the emergence of palliative medicine as a recognized 
medical specialty, all physicians who care for patients 
with life-limiting illness need to be able to provide ap-
propriate pain and symptom management and identify 
and treat other sources of suffering in their patients. In 
order to achieve this goal, all physicians need training in 
palliative care. Even with such training, physicians will 
identify some patients who have such complex needs 
that referral to a specialized palliative medicine team 
will be appropriate. 

 Palliative care can be provided in any setting, in-
cluding hospitals, clinics, nursing homes, emergency fa-
cilities, prisons, and home (Table 81.2). Hospice is the 
most common way for people in the United States to 
receive palliative care at the end of life (5). To qualify for 
hospice benefi ts, a patient must have a life expectancy 
of 6 months or less. Hospice is covered by Medicare as 
well as most health insurance. In the United States, the 

 P
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vast majority of patients receiving hospice services do 
so at home. Patients enrolled in home hospice generally 
have a primary caregiver, who is guided by a hospice 
nurse who visits on an as-needed basis, typically ranging 
from 1 to 3 times per week depending on the patient’s 
status. A nursing aide might visit the home and bathe 
the patient twice a week. The hospice agency can help 
the family arrange for other custodial care as needed by 
the patient. Durable medical equipment (hospital bed, 
wheelchair, commode, etc.) and medications related to 
symptom management are provided at no charge to the 
patient under the hospice benefi t. While hospice provid-
ers can manage most symptoms at home, if a crisis oc-
curs, the patient can be admitted to an acute care facility 
until symptoms are under control.   

   STRUCTURE AND PROCESSES OF CARE 

 Care should be provided in the setting the patient 
chooses. If it is not possible to provide care in the pa-
tient’s preferred location, the alternate setting should 
provide fl exible visiting hours, adequate space for visi-
tors, and suffi cient respite for care providers. When the 
patient cannot be in their preferred setting, creative 
measures are taken to make the alternate care setting as 
comfortable and familiar as possible. 

 A key element of palliative care is effective com-
munication in order to elicit a patient’s preferences and 
goals of care. Understanding the needs and goals of the 
patient and family is essential for providing high quality 
palliative care. Palliative care teams also provide coor-
dination of care and create plans to deal with potential 
crises, thereby allowing the patient to remain in their set-
ting of choice. Palliative care providers also need good 
prognostication skills in order to help patients and fami-
lies defi ne goals of care and make appropriate decisions 
and plans. For example, when a family calls and states 
that a patient is eating poorly, it is important to know 
whether this represents a potentially reversible esopha-
geal obstruction that could be relieved with a stent or 
is a sign that the patient is approaching the fi nal days 
to weeks of life (6–8). Prognostic information is impor-
tant in helping patients make treatment decisions. For 
example, one patient may want a stent placed in order 
to be able to eat and drink and survive to attend a grand-
daughter’s marriage, while a different patient in a similar 
clinical situation may decide that he does not want to 
undergo yet another procedure. When the disease pro-
gresses, communication becomes even more important 
to ensure that all involved have the same understanding 

FIGURE 81.1

 Palliative care model. From http://hab.hrsa.gov/tools/primary 
careguide/images/PCG fig15_1b.gif 

TABLE 81.1 
 Palliative Care Services 

• provides relief from pain and other distressing symptoms 

• affi rms life and regards dying as a normal process

• intends neither to hasten or postpone death

• integrates the psychological and spiritual aspects of patient care

• offers a support system to help patients live as actively as possible until death

• offers a support system to help the family cope during the patients illness and in their own bereavement

• uses a team approach to address the needs of patients and their families, including bereavement counseling, if indicated

• will enhance quality of life, and may also positively infl uence the course of illness

•  is applicable early in the course of illness, in conjunction with other therapies that are intended to prolong life, such as 
chemotherapy or radiation therapy

• includes those investigations needed to better understand and manage distressing clinical complications

Information from World Health Organization’s Definition of Palliative Care. Accessed online December 14, 2007 at: 
http://www.who.int/cancer/palliative/definition/en/
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(ECOG), and clinical experience to offer patients and 
families estimates such as hours to days, days to weeks, 
weeks to months, and months to a year that commu-
nicate prognosis while recognizing the inherent uncer-
tainty of such predictions. 

 Palliative medicine teams formulate and docu-
ment care plans based on patient wishes, then convey 
them to patient, family, and other providers. Care plans 
change according to the needs of the patient and family, 
and should involve additional input from other special-
ists (radiation oncologists, anesthesiologists, comple-
mentary medicine providers) (9–14). Functional and 
cognitive status, disease trajectory, cultural and spiri-
tual preferences, and home support must be considered 
in formulating care plans. For example, a patient with 
esophageal cancer may want to remain at home during 
the fi nal days and weeks of life, but his wife, who is 
the primary caregiver, has trouble managing his medi-
cations due to mild cognitive impairment. In this situ-
ation, home nursing services or hospice can provide a 
weekly mediset and provide daily phone call reminders 
to administer the medicines. As death nears, the team 
may address the possibility of pursuing an inpatient 
hospice given the wife’s limitations. 

 PALLIATIVE CARE DOMAINS 

 The key aspects of palliative care can be divided into 
5 domains, including physical; psychological and psy-
chiatric; social; spiritual, religious, and existential; and 
cultural aspects of care (15). Specifi c components of four 
 domains are outlined in Table 81.3.   

TABLE 81.2 
 Palliative Care Models 

Model Care setting

Consultation team Usually in a hospital 
or nursing home; often 
includes social work 
evaluations

Combined hospice program 
and palliative care 
program

Hospital, nursing home, 
freestanding hospice 
 inpatient facilities

Dedicated inpatient unit Acute hospitals, nursing 
homes

Hospice-based palliative 
care in the home

Home

Outpatient palliative care 
practice or clinic

Hospital or private 
practice

Information from National Consensus Project for Quality Pallia-
tive Care. Clinical practice guidelines for quality palliative care. 
Accessed online November 28, 2007, at: http://www.nationalcon
sensusproject.org/Guidelines_Download.asp.

 TABLE 81.3  
 Palliative Care Domains 

Area Examples

Physical Pain, shortness of breath, nausea, fatigue, weakness, anorexia, insomnia,  confusion, 
constipation, treatment side effects, functional capacities, treatment efficacy and 
 alternatives (and patient and family preferences)

Psychological/psychiatric Anxiety, depression, care-giving needs or capacity of family; stress; grief and bereave-
ment risks for the patient and family (i.e., depression and co-morbid complications); 
coping strategies

Social Family structure and geographic location; cultural concerns and needs; finances; sexu-
ality; living arrangements; caregiver availability; access to transportation; access to 
 prescription and over-the-counter medicines

Spiritual/religious/existential Spiritual background, beliefs, and practices of the patient and family; hopes and fears; 
life completion tasks; wishes regarding care setting for death

Information from National Consensus Project for Quality Palliative Care. Clinical practice guidelines for quality palliative care. Accessed 
 online November 28, 2007, at: http://www.nationalconsensusproject.org/Guidelines_Down/oad.asp.

of the prognosis and plan of care. Finally, when possible, 
recognizing the signs and symptoms of the fi nal stages of 
illness is helpful for coordinating care and logistics in the 
time near death. Although it is impossible to know ex-
actly what will happen to any particular patient, experi-
enced palliative care providers can use data, scores such 
as Karnofsky or Eastern Cooperative Oncology Group 
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 Physical Aspects of Care 

 Physical symptoms associated with esophageal cancer 
include pain, dyspnea, dysphagia, nausea, vomiting, 
fatigue, weakness, anorexia, insomnia, anxiety, depres-
sion, confusion, and constipation. Pharmacologic, non-
pharmacologic, and complementary therapies can help 
alleviate these symptoms. In esophageal cancer,  feeding 
and nutrition issues are often addressed early in the 
course of the disease in anticipation of the need to make 
decisions in the future. 

 The goal of pain and symptom management is re-
duction of the symptoms to a level the patient defi nes 
as satisfactory (16, 17). Providers should be careful not 
to state that all symptoms will be completely alleviated, 
because while that is sometimes possible, more often, 
symptoms such as pain and nausea are attenuated to an 
acceptable level. Pain from esophageal cancer often re-
quires the use of opioids, and physicians must be will-
ing to prescribe opioids and in suffi cient doses to relieve 
pain. Physicians should also reassure patients that addic-
tion is rare, somnolence transitory at stable doses, and 
side effects manageable. 

 Psychological and Psychiatric 
Aspects of Care 

 In addition to addressing physical aspects of care, pal-
liative care should address psychological issues and psy-
chiatric needs and support emotional growth. Physicians 
should acknowledge the stress involved in caring for pa-
tients with life-threatening illness and address caregiver 
needs. Physicians must recognize the importance of main-
taining a relationship with the patient even after referral 
to hospice and understand that patients and families are 
particularly vulnerable to feeling abandoned at this time 
by their physicians. Making follow-up appointments for 
patients and calling on the telephone can help reassure 
patients that a referral to hospice is not abandonment by 
the physician. Physicians must also be aware of normal 
and complicated grief and address those appropriately. 
Hospice programs provide bereavement services and 
follow-up for 12 months after the death of the patient. 
Finally, all providers can discuss and offer coping strat-
egies to determine the most constructive approach to 
dealing with loss based on individual family needs and 
temperament. 

 Social and Practical Aspects of Care 

 A palliative care social worker can promote access to 
care by providing referral to services that meet identi-
fi ed needs as well as to community resources and volun-
teers that can help in the home or with transportation. 
Collaboration with pharmacists can ensure that patients 

have access to necessary medications; home nursing 
agencies can ensure proper equipment is available. Fam-
ily structure and living arrangements, geographic loca-
tion, fi nances, and caregiver availability are considered 
and refl ected in the care plan. For example, an older pa-
tient with esophageal cancer may have a partner who is 
ill and unable to provide care. In such a situation, where 
the support system is already at its limit, the palliative 
care team must develop a plan to insure appropriate care 
and safety for the patient and his partner. Sending a pa-
tient home without adequate support can often lead to 
readmission; addressing needs early and activating com-
munity support can allow patients to remain at home 
as long as possible. Different teams may provide these 
services in differing ways. Some teams have dedicated 
social workers to address these issues, whereas other 
teams may use case managers or nurses to focus on these 
matters. It is important to realize the care coordination 
involved is more than a physician or nurse can do alone; 
the interdisciplinary nature of palliative care draws upon 
the strengths of each fi eld. 

 Spiritual, Religious, and Existential 
Aspects of Care 

 Beliefs surrounding illness and death are profoundly in-
fl uenced by a patient’s and family’s religious and spiritual 
values. The salient spiritual needs of patients at the end 
of life encompass questions of meaning, value, and re-
lationship. Physicians may not recognize these spiritual 
needs, may not believe they have a duty to address these 
issues, and may not understand how best to respond to 
them; however, physicians can play a key role in helping 
patients express these needs by routinely asking patients 
about their religious and spiritual beliefs and practices 
(18) and how these impact on the patient’s view of illness. 
Chaplains and other members of the spiritual care service 
can address such issues in a non-threatening and sup-
portive way and even help facilitate religious or spiritual 
rituals as well as contact spiritual communities identifi ed 
by the patient and family. Sometimes religious beliefs can 
be seen as a barrier to providing good end-of-life care, 
but if addressed sensitively and appropriately, they can 
be navigated and enrich the experience for the patient 
and the medical team. For example, one patient and his 
family had a strong religious belief in a miraculous cure 
of metastatic esophageal cancer. The palliative care team 
chaplain explored this belief more explicitly and was able 
to negotiate a treatment plan that was respectful of the 
families’ belief but also practical. The chaplain directly 
addressed that forgoing additional chemotherapy would 
not change whether a miracle was possible. The patient 
was then referred to hospice care, where he benefi ted 
from continued support. 
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 Cultural Aspects of Care 

 End-of-life concerns are also deeply affected by a pa-
tient’s and family’s cultural values. Culture often defi nes 
how patients and families understand illness, suffering, 
and dying. Encounters between physicians and patients 
of different backgrounds are common given the diver-
sity in the United States and, therefore, there are many 
opportunities for cross-cultural misunderstandings (19). 
Desire for life-prolonging therapies and technology, the 
locus of decision-making, and disclosure of information 
are all infl uenced by cultural norms. While autonomy 
may prevail in the United States, some cultures prefer 
that families make medical decisions as a unit (20). One 
common scenario encountered is when an adult child 
does not want to reveal to their sick parent that they 
have cancer. Palliative medicine providers may address 
this issue by asking the patient, “I have information re-
garding your condition. Some patients prefer to hear the 
information directly from me and make their own deci-
sions, and others prefer to have me talk to someone else 
and let them make the decisions. What do you think?” 
Such communication can demonstrate respect for the 
patient’s culture without assuming that the patient will 
conform to their cultural norms. Skilled communica-
tion, genuine curiosity, and openness to differences can 
increase the likelihood that patients and families are sat-
isfi ed with the process and outcomes of care. 

 CARE OF THE IMMINENTLY 
DYING PATIENT 

 When possible, the transition to the actively dying phase 
should be recognized and communicated to the patient, 
family, and care providers. If the patient is at home, hos-
pice nurses can be a key resource to families at this time. 
Many families worry about whether they will know 
when the person is actively dying. They are often con-
cerned it will be a painful process and that their loved 
one will suffer a great deal. By understanding the signs 
and symptoms of impending death and knowing how 
to address the symptoms that do arise, physicians can 
explain to family members what to expect and reassure 
them that their loved one will receive good care. 

 While each person experiences the fi nal stages 
differently, common symptoms exist. These terminal 
symptoms include loss of appetite, dehydration, and 
drowsiness. Many patients become anorexic and lose 
their appetite in the last weeks of life. Family members 
often want to feed patients who are unable to eat. Al-
though physicians may recognize that feeding will not 
help the patient and may even harm by leading to aspira-
tion, they must also recognize that feeding is a primary 
means of nurturing. Physicians can redirect this desire 

by promoting other important factors such as good oral 
and skin care. Most patients are unable to drink in their 
fi nal days, and many families will ask about intravenous 
fl uids. At this time of life, artifi cial hydration can lead 
to pulmonary edema and dyspnea, ascites, peripheral 
edema, and infections at intravenous catheter sites and 
should be discouraged. Symptoms such as dry mouth 
and thirst can be addressed by attentive oral care. Be-
cause patients may become unable to take medications 
orally, the rectal and subcutaneous routes may be used, 
which some patients with esophageal cancer may be al-
ready familiar with. If the patient is incontinent of urine, 
diapers and heavy towels may be used to avoid catheter-
ization, but catheterization can be done based on patient 
and family preference. 

 Changes in respiratory status are common in immi-
nently dying patients. Breathing usually becomes shal-
low as death nears and periods of apnea are common. 
Secretions that accumulate in the pharynx due to the 
patient being too weak or unresponsive to swallow or 
cough can produce a rattling sound that can be distress-
ing to the family. Deep suctioning should be avoided as 
it can lead to gagging and may be uncomfortable. Gly-
copyrrolate, atropine, or scopolamine can be effective 
in reducing rattle by decreasing the amount of mucus 
and saliva produced. Rooms should be cool and well 
ventilated, and a fan can aid in reducing the sensation 
of dyspnea. It may be appropriate to stop taking blood 
pressure and monitor only respiratory rate and pulse 
in order to avoid disturbing the patient. The pulse rate 
typically increases and is weak and irregular in the fi nal 
hours to days of life. 

 Drowsiness and decreased responsiveness is com-
mon; rarely, patients become confused or agitated. 
When possible, confusion or agitation should be treated 
according to the cause. If the patient is experiencing 
agitation due to increased pain, pain should be treated 
with opioids as appropriate, or if thought due to dys-
pnea, treated with oxygen and opioids. Behavioral inter-
ventions such as brushing a patient’s hair or providing 
music can be highly effective in treating agitation. When 
these measures do not work and the cause is uncertain, 
agitation can be treated with low doses of neuroleptics 
such as haloperidol. 

 ETHICAL AND LEGAL CONSIDERATIONS 

 Ethical and legal issues commonly arise in palliative 
care. Advance care planning can help communicate 
patient preferences across different health care settings 
and should be discussed early. In such discussions, phy-
sicians should encourage patients to appoint surrogate 
decision makers and educate them on how to make 
decisions and discuss choices with their loved one. All 
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physicians should follow accepted ethical principles, 
including  respect for autonomy, acting in the patient’s 
best interest, avoiding harm, treating patients equally, 
and maintaining confi dentiality. At the point when the 
patient is no longer able to express his wishes, the team 
should turn to the patient’s previously expressed wishes 
to help guide care. Palliative care teams also discuss with 
patients and families the need for wills, guardianship 
agreements, and fi nancial documentation prior to the 
loss of decision-making capacity. 

 Some patients may make requests for their physi-
cian to assist them to die. Such requests for aid in dying 
are often triggered by pain, depression, or other  distress. 

Physicians must address these issues whenever a patient 
raises the issue of assisted suicide because treating pain 
and depression and making referrals to hospice reduces 
these requests. Physician aid in dying is only legal in the 
states of Oregon and Washington and there only with 
specifi c safeguards. 

 Palliative care aims for the relief of suffering caused 
by physical, psychosocial, and spiritual aspects of dis-
ease and utilizes an interdisciplinary team to provide 
care. With focused symptom management and clear 
goals of care, patients living with esophageal cancer can 
improve their quality of life and maximize valuable time 
with friends, family, and loved ones.              
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sophageal cancer is an aggressive 
malignancy, and it requires aggres-
sive therapy. For example, patients 
with locally advanced disease often 
receive aggressive combination ther-

apy that includes concomitant chemotherapy and radia-
tion followed by surgery (1). However,  prescribing such 
therapy entails more than adhering to protocol  standards 
that fall under the rubrics of 3 foregoing treatment mo-
dalities. One critical component of health care for pa-
tients with esophageal cancer falls outside the realm of 
chemotherapy or radiation or surgery and comprises 
its own separate therapeutic modality: psychosocial 
support. 

 To our knowledge, the literature provides little 
guidance for health care providers on how best to pro-
vide psychosocial support to esophageal cancer patients 
and their families. Typing in the search terms  esopha-
geal cancer  and  psychosocial  yields only 14 hits, most 
of which refer to articles that bear little relevance to the 
subject at hand. This chapter therefore attempts to pull 
from a diverse medical literature in an effort to construct 
a practical tool on how best to recognize and address 
the psychosocial needs of esophageal cancer patients 
and their families. 

 THE IMPORTANCE OF CONSISTENT 
INFORMATION 

 The psychosocial needs of patients and their families can-
not be met within an environment of confusion that arises 
when oncologists and non-oncologists are incongruent in 
their discussions of prognosis and therapeutic options. 
Such inconsistencies can lead to increased anxiety and 
distress on the part of patients and their families. 

 Thus, a major requirement for compassionately dis-
cussing treatment options with patients and their family 
members focuses on imparting accurate information. 
Girgis and others surveyed 84 cancer patients, 64 on-
cologists, and 140 oncology nurses on how best to break 
bad news (2). The one point that all respondents agreed 
upon is that “patients have a legal and moral right to ac-
curate and reliable information and that patients should 
be given the diagnosis and prognosis honestly.” 

 The importance of providing honest and accurate 
information on prognosis poses a signifi cant challenge 
for patients with esophageal cancer for one major rea-
son: despite multiple clinical trials, there is no established 
standard of care that dictates how best to provide cancer 
therapy. As one example, for locally advanced esophageal 
cancer, not all studies have been consistent in outlining 

 E
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a clear role for trimodality therapy (1). Some oncology 
health care providers proceed with concomitant chemo-
therapy and radiation, followed by surgery; others rec-
ommend only the former and include surgery only in the 
event of residual cancer. Similarly, recent data suggest that 
neoadjuvant chemotherapy without radiation followed by 
surgery and then more chemotherapy offers a reasonable 
therapeutic approach for patients with locally advanced 
esophageal cancer. As a second example, there appears to 
be no consensus on how best to prescribe chemotherapy 
for patients with metastatic disease (3). Despite the fact 
that previous studies suggest a survival advantage with 
the use of chemotherapy, medical oncologists continue to 
prescribe a variety of fi rst-line regimens, noting that even 
with the most promising of regimens, the median survival 
remains under 1 year—too short to enable any such regi-
men to be deemed a standard. Hence, in the absence of 
well-established therapeutic approaches, the risk of health 
care providers, particularly non-oncologists, to impart in-
consistent patient education information is high. 

 As a result of this risk, several points on prognosis 
may be inconsistently stated by members of the health 
care provider team, particularly primary care provid-
ers, who face the challenging task and responsibility 
of imparting up front or corroborative cancer-related 
information to patients and their families as treatment 
decisions are shifting and evolving in a rapid manner. 
Again, when oncology health care providers and non-
oncology health care providers are not providing identi-
cal information about the goals of cancer therapy and 
prognosis, the psychosocial needs of the patient are 
clearly not being attended to, and any incongruent rec-
ommendations often provide tremendous anxiety for the 
patient and his/her family members. 

 To our knowledge, there have been no studies that 
outline gaps in the accuracy of esophageal cancer infor-
mation and treatment options among primary health 
care providers, but the existence of such gaps are sug-
gested by 2 recent studies. First, Sigouin and Jadad 
surveyed 1998 cancer patients, 871 family physicians, 
and 30 oncologists about their familiarity with peer re-
viewed internet information (4). Survey response rates 
were 72%, 44%, and 97%, respectively, for each of the 
above groups. Among patients, only 1% were aware of 
the Cochrane Collaboration, and only 13% were aware 
of Medline. More surprisingly, although most oncolo-
gists knew about these resources, 33% of family physi-
cians were not aware of the existence of the Cochrane 
Collaboration and its role and as many as 8% were not 
aware of Medline. This lack of awareness of these major 
sources of information among primary care physicians 
suggests that the dissemination of important health care 
information, including cancer-related information, may 
not be as widespread as hoped. Such knowledge defi -
cits are compounded even further in esophageal cancer 

 patients for whom a lack of clear-cut treatment stan-
dards, as discussed above, is also lacking. 

 Studies have not assessed whether health care pro-
viders know about the benefi ts of chemotherapy in pa-
tients with metastatic esophageal cancer, but in non-small 
cell lung cancer—a far more common malignancy—40% 
of surveyed physicians did not think that chemotherapy 
provided a survival advantage over best supportive care, 
despite numerous robust and randomized trials that in-
dicate otherwise (5). In view of the fact that esophageal 
cancer is a far less common malignancy, it appears that 
the benefi ts of chemotherapy may not be known among 
all health care providers, particularly non-oncologists, 
who see patients with metastatic esophageal cancer. 

 Thus, in an effort to practice in accordance with 
the statement that “patients have a legal and moral right 
to accurate and reliable information and that patients 
should be given the diagnosis and prognosis honestly” 
and in an effort to sidestep the possibility of providing 
patients with inaccurate information, 2 major points on 
the treatment of esophageal cancer are discussed below. 

 First, patients with locally advanced esophageal can-
cer do sustain some chance for cure, even in the setting of 
local lymph node involvement. It is important to realize 
that a subgroup of patients, even those with dysphagia 
and weight loss, can ultimately be cured of their cancer. 
Various surgical series show that in general 20% of pa-
tients who undergo an esophagectomy with complete ex-
tirpation of their cancer can go on to live 5 years without 
cancer recurrence (1). Although controversial, the use of 
multimodality therapy that includes chemotherapy and 
radiation up front followed by surgery or, alternatively, 
the use of chemotherapy before and after surgery may 
improve cure rates. It is important for non-oncologists 
to recognize the curative goals of such approaches and to 
convey such information accurately when discussing op-
tions with a newly diagnosed esophageal cancer patient. 

 On a separate but related note, a commonly en-
countered, emotionally challenging scenario deals with 
trimodality therapy. Locally advanced esophageal cancer 
patients are sometimes hospitalized while receiving con-
comitant chemotherapy and radiation, and their inpatient 
care on occasion is managed by non- oncologists. Although 
the expectation is that these patients will go on to surgery, 
some become reluctant or are too ill to complete the en-
tire planned treatment package and instead opt out of 
surgery. Non-oncologists may forget that chemotherapy 
and radiation alone—in the absence of  surgery—can cure 
patients with locally advanced esophageal cancer, partic-
ularly those with squamous cell carcinoma, and that, in 
effect, some of these patients face the prospect of living a 
long life after having received only chemotherapy and ra-
diation. In a seminal study, Cooper and others observed 
that at 5 years, as many as 26% of patients remained alive 
(6). Thus, in the spirit of  conveying “prognosis  honestly” 
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to patients, it is important for health care providers to 
engage in ongoing conversations with esophageal cancer 
patients and to provide them with accurate information, 
particularly during times when the original treatment 
plan needs to be altered. 

 A second important point on prognosis in esopha-
geal cancer focuses on the treatment of metastatic disease. 
Despite the poor prognosis associated with metastatic 
esophageal cancer, chemotherapy does play a pivotal role 
in providing a survival advantage to otherwise healthy 
cancer patients with a good performance status, and 
this point must be duly noted when discussing prognosis 
with patients with this malignancy. Four published tri-
als, primarily in gastric cancer patients, have investigated 
chemotherapy versus best supportive care (3). Given the 
proximity of the esophagus to the stomach, the simi-
lar adenocarcinoma histology, and the general trend of 
similar clinical behavior, these studies are often invoked 
to suggest the effi cacy of chemotherapy in adenocarci-
noma of the esophagus as well. Although these trials are 
fraught with controversial study designs, the fact remains 
that 3 of 4 showed a survival advantage of a few months 
with chemotherapy. Admittedly, benefi ts are modest. 
All 4 of the chemotherapy trials referenced above tested 
multidrug regimens, but the median survival with che-
motherapy was consistently less than 1 year, despite the 
fact that chemotherapy gained patients a statistically sig-
nifi cant improvement in survival. In fact, in perhaps the 
most favorable median survival reported to date, Cun-
ningham and others observed that the combination of 
oxaliplatin, capecitabine, and epirubicin provided a 11.2 
month median survival (7). 

 FURTHER EVIDENCE OF THE 
IMPORTANCE OF HONESTY 

 Once the clinical facts about prognosis are well estab-
lished among members of the health care team, how 

should prognosis be discussed with an esophageal patient 
and his/her family? Several studies indicate that the best 
way to proceed is to be up front in asking patients what 
they want to know about, to be honest in responding, 
and to allow time for the patient and family members 
to ask follow-up questions. Parker and others surveyed 
351 patients with a variety of malignancies, 31% of 
which included gastrointestinal malignancies, to probe 
into what factors relevant to patient–health care pro-
vider communication were most valued by patients (8). 
These factors that earned the highest, most valued rat-
ings include the following: “doctor being up to date on 
research on my type of cancer”; “doctor telling me best 
treatment option”; “having doctor take time to answer 
all my questions completely”; “doctor is honest about 
the severity of my illness”; “feeling confi dent about my 
doctor’s skill”; and “being given enough time to ask all 
of my questions.”   (Table 82.1)   

 In contrast, factors that earned the lowest, or least 
valued, ratings included the following: “doctor holding 
my hand/touching my arm when giving news”; “doctor 
helps me fi gure out how to tell others about my cancer”; 
“doctor warning me there will be unfavorable news”; 
“having another health care provider present to offer 
support”; and “comforting me if I become emotional.” 
(Table 82.1) 

 Interestingly, the above comments suggest once 
again that what patients value the most is honesty. But 
honesty can be diffi cult. As part of the Schwartz Center 
Rounds, Dias and others recently provided a provoca-
tive, patient-reported account of the consequences of 
honest discussions with patients and the consequences 
of a lack of such discussions (9). In this report, a patient 
described her experience with “13 abdominal surgeries, 
4 months of chemotherapy, and 6 weeks of radiation 
therapy” for a malignancy that had never been able to 
be completely eradicated. Ironically, in refl ecting on her 
own care, the patient focused and contrasted many of her 
own cancer experiences with those of her 86-year-old, 

 TABLE 82.1  
 What Do Patients Value When Given Bad News 

Highly ranked by patients Not so highly ranked

“doctor being up to date on research on my 
 type of cancer”

“doctor holding my hand/touching my arm when giving 
news”

“doctor telling me best treatment option” “doctor warning me there will be unfavorable news”

“having doctor take time to answer all my questions 
 completely”

“having another health care provider present to offer 
support”

“doctor is honest about the severity of my illness” “comforting me if I become emotional”

“feeling confident about my doctor’s skill”

“being given enough time to ask all of my questions”



702 VI • PALLIATION

previously healthy father, who had been overheard to 
comment to the patient, “I will never suffer like that. I 
think what you’re going through is just torture.” 

 Subsequently, the patient’s father developed rectal 
bleeding, which eventually prompted a barium enema 
that revealed an “irregularity.” Never making contact 
with his doctor other than via a quick phone conversa-
tion, the patient’s father ultimately went to a gastroenter-
ologist for a colonoscopy after which he was told, “I don’t 
know why you’re here. You clearly have a blockage. You 
should have gone to a surgeon 3 weeks ago.” After this 
devastating news was provided to the patient, multiple 
telephone conversations occurred between the patient’s 
father and the patient and various doctors, but none of 
these conversations took place in person. Later in the 
day, as the patient completed a phone conversation with 
her father and described her father’s reaction, she related 
how, “I could hear the distress in his voice. Evidently, 
he got off the phone, didn’t say a word to my mother, 
walked right by her, walked into another room where he 
had a gun, which nobody knew about, walked out of the 
house, and shot himself in the head.” Yes, being honest 
about bad news can be diffi cult, but not taking the time 
to be honest can be even worse. 

 The above tragic episode is a rare occurrence, but it 
nonetheless underscores the importance of providing in-
formation when patients appear to be seeking it. More-
over, although several studies have clearly demonstrated 
how health care providers encounter stress and a variety 
of other negative emotions when breaking bad news, the 
above scenario convincingly demonstrates how a lack 
of information can cause patients and their families to 
experience severe emotional distress. 

 HOW TO DISCUSS PROGNOSIS 
EFFECTIVELY 

 From a practical standpoint, how can health care provid-
ers strike such a balance of “being honest but at the same 
time encouraging, hopeful, and supportive,” as recently 
discussed in a review by Fallowfi eld and Jenkins (10)? 

Stay away from ambiguous or technical terms in impart-
ing information and instead rely on simple, straightfor-
ward wording. (See Table 82.2.)   For example, when an 
esophageal cancer patient learns that his lymph nodes 
were “positive,” such wording might suggest to a lay 
person that this fi nding is in fact “positive,” when in fact 
such is not the case. A less equivocal statement is: “Your 
lymph nodes also have cancer cells within them.”   

 As another example, upon looking at unfavorable 
radiographs, health care providers often offer to patients 
the comment, “Your cancer is progressing.” The term 
 progressing  can carry positive connotations for some 
patients, when in fact the intention on the part of the 
health care provider is to inform the patient of evidence 
of a malignancy that has become refractory to cancer 
treatment. A less ambiguous statement is: “Your cancer 
is growing and getting worse, despite the chemother-
apy.” A greater sensitivity to daily jargon employed by 
health care providers might lead to better word choices 
and more honest and straightforward conversations. 

 A third such example is derived from anecdotes 
taken from the authors of this chapter. Often esophageal 
patients are told that they have a “30% chance that their 
cancer will respond to therapy.” In effect, the health care 
provider is saying that 30% of esophageal patients will 
demonstrate some evidence of tumor shrinkage. How-
ever, patients can sometimes interpret the above statement 
to suggest that they hold a 30% chance of cure. Thus, 
clarifying goals of therapy with meticulous accuracy and 
precision allows for easier, less troubling conversations 
at a later date. This approach also allows the patient and 
family members more time for processing grave prognos-
tic information. 

 In addition, the need to spend time with patients 
and families when giving bad news is important. Fal-
lowfi eld and Jenkins commented upon the fact that time 
constraints often curtail necessary, sometimes exhaus-
tive conversations (10). At the same time, however, 
these authors offer the observation, “Too much em-
phasis is perhaps placed on the communication of bad 
news by one individual.” In fact, communication needs 
can sometimes be met by means of conversations that 

 TABLE 82.2  
 Word Choices in Explaining Cancer Facts 

Problematic wording Somewhat preferable wording

“Your lymph nodes were ‘positive’.” “Your lymph nodes also had cancer cells present.”

“Your cancer is progressing.” “Your cancer is growing and getting worse, despite the 
chemotherapy.”

“There’s a 30% chance your cancer will respond to 
 chemotherapy.”

“There’s a 30% chance your cancer will shrink in the short term 
with chemotherapy.”
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occur with several health care providers or the same 
health care provider during multiple visits and conver-
sations. Patients with esophageal cancer are likely to 
benefi t from this approach of imparting information 
during multiple visits, as information on diagnosis and 
therapy is often directed and implemented by multiple 
health care providers, including the primary care pro-
vider, the gastroenterologist, the medical oncologist, 
the radiation oncologist, and the surgeon. Hence, de-
spite the complexity of issues esophageal cancer patients 
must contend with, a multidimensional team can—and 
should—provide a major advantage for patients as they 
cope with the psychosocial issues associated with their 
malignancy. 

 Another practical point deals with an issue as 
seemingly minor as physician posture. Bruera and oth-
ers studied 168 cancer patients, providing them with a 
video sequence of either a sitting or standing health care 
provider who was breaking bad news (11). Health care 
providers who were sitting were viewed as more com-
passionate and as spending more time with the patient. 
Women patients responded more favorably to physicians 
who sat. A subtle bedside maneuver, this simple gesture 
of sitting when conveying bad news can help demon-
strate to patients that the health care provider does truly 
desire to spend time and answer questions in a forth-
coming manner. 

 Several recent studies suggest that health care pro-
viders can learn many of the skills required for break-
ing bad news effectively, and several recent publications 
on the topic highlight the important of skills training. 
Although a survey from 1998 observed that only 6% 
of medical oncologists had ever received formal train-
ing in breaking bad news, the emergence of a variety of 
medical school–based and electronic tutorials are likely 
changing this statistic and making such instruction more 
accessible to health care providers (10). 

 TALKING ABOUT SIDE EFFECTS 

 Talking about prognosis outlines only a small segment 
of important information for patients with esophageal 
cancer. The complexity of cancer care among patients 
with this malignancy gives rise to a host of challenging 
issues that require ongoing candid discussions between 
the health care provider and the patient and his/her fam-
ily. The following discussions vary based on whether 
 patients have (a) metastatic disease, (b) locally advanced 
disease, or (c) advanced disease of any stage with limited 
antineoplastic options. 

 For patients with metastatic esophageal cancer 
with either an adenocarcinoma or squamous cell carci-
noma histology, median survival remains under 1 year. 
However, the oncology community is demonstrating in-

creasing interest in treating patients with triplet (3-drug) 
chemotherapy regimens in an effort to maximize sur-
vival, if only by a few more weeks. The trade-off of this 
modest prolongation of life is more frequent and more 
severe treatment-related toxicities. 

 One example of this approach involves recent 
phase III data with the agent docetaxel and provided 
some of the justifi cation for the Food and Drug Ad-
ministration’s approval of this drug in this setting (12). 
Van Cutsem and others reported on 445 patients with 
metastatic esophageal and gastric cancer (13). Patients 
had been randomly assigned to receive either doxetaxel, 
cisplatin, 5-fl uorouracil versus cisplatin, 5-fl uorouracil. 
Time to cancer progression was the primary endpoint of 
this study and improved with the addition of docetaxel. 
Patients who received all 3 drugs had a time to cancer 
progression of 5.6 months in contrast to 3.7 months 
among patients who received only 2 drugs. Additionally, 
overall survival was also improved with the median sur-
vival being 9.2 months and 8.6 months among patients 
who received 3 and 2 drugs, respectively. Adverse events 
included febrile neutropenia, which required hospital 
admission in 63% and 27% of patients who received 3 
drugs and 2 drugs, respectively. Severe diarrhea occurred 
in 19% and 8% of patients, respectively, and severe neu-
rosensory changes occurred in 8% and 3% of patients, 
respectively. Finally, death within 30 days after the last 
infusion of chemotherapy occurred in 23 patients (10%) 
and 19 patients (8%), respectively. 

 Is it worth it? Does an 18-day median survival 
 advantage justify higher rates of hospitalization for  febrile 
neutropenia, severe diarrhea, neurosensory changes, and 
a somewhat shorter interval between chemotherapy ad-
ministration and death? The answer to these questions 
is impossible for a health care provider to address alone 
and require that the patient and his/her family partici-
pate in such decision-making if this patient is deemed a 
potential candidate for such a more aggressive treatment 
approach. Although it might be diffi cult for patients to 
fully understand the real meaning of side effects such as 
myelosuppression and infection, diarrhea, and neuropa-
thy in the absence of having received the treatment and 
having withstood its toxicity, the answers to such ques-
tions nonetheless require a team approach with patient 
input. Thus, the task of providing honest information 
on side effects is imperative for patients in order that 
they might play a role in deciding the best treatment to 
receive based on their own personal values. 

 Along similar lines, patients with locally advanced 
esophageal cancer have the option of receiving either 
chemotherapy and radiation versus chemotherapy and 
radiation followed by surgery. Both approaches can be 
offered with curative intent. A recent study from  Bedenne 
and others suggested that both approaches are equiva-
lent, but the relatively small sample and other factors 
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relevant to the study design allow proponents of either 
approach ample justifi cation for continuing with either 
approach (14), and at many medical centers within the 
United States, surgery continues to be accepted as a main-
stay treatment modality. 

 However, Blazeby and others examined serial qual-
ity of life scores among 55 cancer patients who had un-
dergone an esophagectomy (15). Scores did not return 
to their preoperative level until 9 months after surgery. 
Among esophageal cancer patients who have already ex-
perienced other surgeries such as an appendectomy, her-
nia repair, or cholecystectomy, the prospect of a 9-month 
recovery period might be close to mind-boggling and ini-
tially incomprehensible. Therefore, it should be clearly 
explained to patients in order that they know and can 
better cope with what is ahead of them in a postopera-
tive setting. The question “Is it worth it?” recurs in many 
aspects of treating esophageal cancer, and inviting input 
from patients with full disclosure of such postoperative 
issues allows for an answer that is in alignment with the 
patient’s values. 

 IMPACT OF PSYCHOSOCIAL 
SUPPORT 

 Despite all the challenges faced by patients with esopha-
geal cancer, few studies have examined what sorts of in-
terventions might truly help patients who fi nd themselves 
having to contend with a diagnosis of esophageal cancer. 
Kuchler and others performed a randomized controlled 
trial to evaluate the effect of psychosocial support on 
survival among patients with a variety of gastrointes-
tinal malignancies, including cancer of the esophageal, 
stomach, liver, gallbladder, pancreas, colon, or rectum 
(16). A total of 271 surgical patients participated. 

 Psychosocial support consisted of a therapist pro-
viding “individualized care based on fi ndings from the 
psychotherapeutic intake interview.” As per Kuchler 
and others, “Therapists provided ongoing emotional 
and cognitive support to foster ‘fi ghting spirit’ and to 
diminish ‘hopelessness and helplessness’.” This interven-
tion occurred in both the preoperative and postoperative 
setting over a period of several months. 

 Results were surprising. A multivariate analysis 
that considered tumor stage, residual tumor burden, and 
site of malignancy suggested that such psychotherapeu-
tic support appeared to enhance survival. (Figure 82.1). 
In fact, at 10 years, 21.3% of patients who had been 
randomized to the experimental group, which received 

psychotherapeutic counseling, were alive compared to 
9.6% who had been randomized to the control group. 
The authors concluded, “The results of this study in-
dicate that patients with gastrointestinal cancer, who 
undergo surgery for stomach, pancreatic, primary liver, 
or colorectal cancer, benefi t from a formal program of 
psychotherapeutic support during the inpatient hospital 
stay in terms of long-term survival.”   

 The foregoing fi ndings are indeed provocative. 
At the beginning of this chapter, the term  psychosocial 
support  was described as a separate therapeutic modal-
ity that should be utilized in the treatment of patients 
with esophageal cancer. Psychosocial support appears to 
help patients as they receive their cancer treatment, but 
the foregoing survival advantage described by Kuchler 
suggests that psychosocial support may also offer more 
tangible benefi ts and directly improve cancer outcomes. 
Clearly, further research is warranted on improving the 
psychosocial aspects of therapy among patients with 
esophageal cancer. 
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atients with advanced cancer ac-
count for approximately half of all 
admissions to palliative and hospice 
programs (1). These patients experi-
ence several distressing physical and 

psychosocial symptoms before they die. The frequency of 
these symptoms has been studied and varies signifi cantly 
from one study to another (1–6). Our primary goal as 
health care providers is to identify and treat these symp-
toms, which present both diagnostic and therapeutic 
challenges. 

 For the patient, these symptoms and the distress 
they cause are linked to the disease experience. In clini-
cal practice, patients present with multiple symptoms 
requiring simultaneous assessment and management. It 
is very important to have an effective strategy that re-
quires a multidimensional assessment of and a specifi c 
plan for each patient, respecting the treatment goals and 
the patient’s wishes. This chapter describes instruments 
for assessing symptoms and some specifi c conditions, 
such as delirium, in patients with advanced cancer re-
quiring palliative care (Figure 83.1).   

 SYMPTOM ASSESSMENT INSTRUMENTS 

 Good symptom assessment precedes effective symp-
tom treatment. Symptom assessment is very important 

 because symptoms directly affect patient distress, quality 
of life (QOL), and survival (7). Symptoms can be related 
to disease, treatment, concurrent comorbid illnesses, or a 
combination of all 3 (7,8). The early stages of cancer are 
associated with considerable symptomatology, and the 
symptom burden (symptoms and their interference with 
life) increases with cancer stage, possibly refl ecting tumor 
burden (9–11). One important point to consider is that 
symptom burden decreases patient QOL (7,12). QOL is a 
multidimensional construct with specifi c emotional, physi-
cal, and social aspects (12–14). The presence of symptoms 
affects, but does not necessarily determine, QOL (7). 

 At present, there is no gold standard for symptom 
assessment in palliative care (1,7). Assessment tools 
allow for the identifi cation of many more symptoms than 
do simple unstructured evaluations (15,16). Effi cient 
symptom-assessment instruments include the Edmonton 
Symptom Assessment Scale, the Memorial Symptom As-
sessment Scale, and the Symptom Distress Scale. 

 The Edmonton Symptom Assessment Scale (ESAS) 
is used to assess 10 common symptoms (pain, fatigue, 
nausea, depression, anxiety, drowsiness, shortness of 
breath, appetite, sleep problems, and feeling of well-
being) experienced by patients with cancer or chronic ill-
ness (17–20). In this scale, the patient rates the intensity 
of symptoms on a 0 to 10 numerical scale, with 0 repre-
senting “no symptom” and 10 representing the “worst 
possible symptom.” 

 P
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 The ESAS, which is available in Spanish, has been 
found to be reliable in cancer patients and to have inter-
nal consistency, criterion validity, and concurrent validity 
(21). It is widely used in palliative care research (22). Its 
ease of use and visual representation make it an effective 
and practical bedside tool (1,16,23,24) that allows the 
health care provider to track symptoms over time with 
regard to intensity, duration, and responsiveness to ther-
apy. The ESAS was recently validated against a widely 
used scale, the Hospital Anxiety and Depression Scale 
(HADS), for assessing the presence of depression and 
anxiety in advanced cancer patients (25). The appropriate 
period for intermittent assessment is 1 week, and about 
5 minutes is needed to complete the questionnaire. 

 The Memorial Symptom Assessment Scale (MSAS), 
a lengthier assessment tool, is mostly used for research 
purposes. With the MSAS, patients rate the frequency, 
severity, and distress associated with 32 physical and 
psychological symptoms (26). There is a short-form 
MSAS (MSAS-SF) that captures the patient-rated distress 
associated with 26 physical symptoms and the frequency 
of 4 psychological symptoms (27). Another tool that 
can be completed in 2 to 4 minutes and contains both 
QOL and survival information is the condensed MSAS 
(CMSAS), which provides equivalent information that 
approximates to the original 32 items (28). The Symp-
tom Distress Scale (SDS) is a patient-rated instrument 
that assesses the intensity, frequency, and distress level 
associated with 9 physical and 2 psychological symp-
toms (29, 30). It is important to recognize that research 
instruments may differ from those used for clinical prac-
tice (28). 

 INSTRUMENTS FOR ASSESSMENT 
OF PROGNOSIS AND FUNCTION 

 Functional status is important for planning the setting of 
care, which can be at hospice, hospital, or home (31), and 
is considered an independent predictor of survival (32). 
The most frequently used performance status assessment 
scales in oncology practice for treatment planning and 
research are the Karnofsky Performance Status score and 
the Eastern Co-operative Oncology Group score. These 
tools have been shown to have reliable prognostic value 
(1,33–36). 

 The Karnofsky Performance Status score allows 
patients to be classifi ed according to their functional 
impairment. This can be used to compare the effective-
ness of different therapies and to assess the prognosis 
in individual patients. The lower the Karnofsky score, 
the worse the survival in most serious illnesses (35,37). 
However, Glare et al., in a systematic review of physi-
cians’ clinical predictions of survival, reported that per-
formance status, anorexia, and dyspnea added limited 

information to these predictions (38). We found it inter-
esting that physicians typically tended to overestimate 
survival. 

 The Eastern Co-operative Oncology Group score 
the ECOG Performance Status Rating measures how 
cancer affects the daily living abilities of the patient (39). 
The scale ranges from 0 (fully active, no restrictions) 
to 5 (dead), where lower scores represent better mobil-
ity. The Edmonton Functional Assessment Tool is used 
by physiotherapists and trained nurses to determine the 
functional performance of patients with advanced cancer 
and to evaluate other factors that contribute to functional 
impairment such as communication, mental status, pain, 
and dyspnea (40, 41). 

 The Functional Independence Measure can be 
used in the research setting to assess the functional 
status of advanced cancer patients (42,43). This tool 
includes 18 items that are used to evaluate independence 
in sphincter control, self-care, mobility,  locomotion, 
communication, and social cognition. 

 Activities of Daily Living scales are very important 
for evaluating the level of physical impairment in our 
 patients. Specifi cally, the Katz index of Activities of Daily 
Living (ADL) assesses activities such as eating, bathing, 
dressing, toileting, transferring, and continence (1). The 
Instrumental Activities of Daily Living (IADL) assesses 
more complex life activities, such as light housework, 
laundry, meal preparation, transportation, grocery shop-
ping, using the telephone, medication management, and 
money management (1). The inability to perform 1 or 
more IADL helps us identify persons with cognitive im-
pairment. These tools help us to identify physical limita-
tions, distressing symptoms, and other related clinical 
problems seen in advanced stages of illness. 

 ASSESSMENT OF OTHER CLINICAL 
PROBLEMS 

 Assessment of Dyspnea 

 Dyspnea is a subjective experience of diffi cult, labored, 
and uncomfortable breathing (44–49). Patients with 
high dyspnea scores present with lower QOL (50). 

 Despite the fact that dyspnea is a distressful symp-
tom, physicians consistently underrate it (44,51); in 
contrast, caregivers consistently appear to overrate 
symptom scores for dyspnea as well as those for pain 
and constipation in cancer patients newly admitted to 
palliative care and hospice (44). 

 Dyspnea can be assessed using numerical, verbal 
analog, or visual analog scales (52). Tools that assess 
the intensity of dyspnea include the Support Team 
 Assessment Schedule (53) and the Edmonton Symptoms 
Assessment Scale (17,54). No one scale, however, can 
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accurately refl ect the far-reaching effects of breathless-
ness on the patient with advanced disease and on the 
patient’s family. Thus, a combination of tools to assess 
dyspnea in advanced disease has been suggested, which 
includes a unidimensional scale (such as the visual ana-
log scale), a disease-specifi c or multidimensional scale 
(such as the Cancer Dyspnea Scale) (55) and other meth-
ods to gauge psychosocial and caregiver distress (51). In 
a recent systematic review, Dorman et al. (56) concluded 
that the Numeric Rating Scale (57), the Modifi ed Borg 
Scale (58,59), and the Chronic Respiratory Question-
naire dyspnea subscale (60) appeared to be the most 
suitable for use in palliative care, but further evaluation 
is required before adopting any scale as standard. 

 Assessment of Delirium 

 In patients with advanced cancer, delirium causes sig-
nifi cant distress. Delirium, defi ned as a transient and 
potentially reversible disorder of cognition and atten-
tion, frequently complicates care at the end of life. In 
general, the etiology of delirium is multifactorial, espe-
cially in patients with advanced cancer and in elderly 
patients (61–71). Delirium is frequently misdiagnosed as 
depression or dementia (71). This confusion might be 
secondary to unfamiliarity with terminology, fl uctuation 
of symptom intensity, and failure to objectively assess 
cognition (71–74). Delirium impedes communication 
with family members and caregivers at a time when it is 
often most desired (64,65). It is important to recognize 
delirium because it can make the reliable reporting of 
symptoms diffi cult for patients, who frequently present 
with disinhibition (64,65,74), are unable to participate 
in decisions about therapeutic interventions, and benefi t 
from supportive psychotherapy (64). 

 Another important consideration is that if delirium 
is not recognized, not only family members but also 
health care providers can misinterpret the agitation as a 
sign of pain, resulting in escalated doses of opioids that 
can produce toxicity and complicate the delirium. To 
 facilitate the diagnosis of delirium and impose relatively 
little burden on patients, instruments with adequate 
psychometric properties have been created, such as the 
Memorial Delirium Assessment Scale (MDAS) (61–63,67), 
the Mini-Mental State Examination (MMSE) (75), and 
the Confusion Assessment Method (CAM) (76). 

 The MDAS, a validated tool used in our palliative 
care practice, was designed to measure the severity of 
delirium and therefore captures behavioral manifesta-
tions as well as cognitive defi cits (62). This instrument 
measures relative impairment in awareness,  orientation, 
short-term memory, digit span, attention capacity, 
 organizational thinking, perceptual disturbance, delu-
sions, psychomotor activity, and sleep-wake cycle. Items 

are rated from 0 (none) to 3 (severe), depending on the 
level of impairment, with a maximum possible score of 
30. The higher the score, the more severe the delirium. 
A total MDAS score of 7 out of 30 yields the highest 
sensitivity (98%) and specifi city (96%) for delirium 
diagnosis (61). 

 Because cognitive impairment is not specifi c to 
 delirium, the MMSE should be limited to screening for 
cognitive failure. The MMSE is the most used cogni-
tive screening tool (75,77) and has been shown to have 
adequate interrater (0.82) and test-retest (0.89) reli-
ability (75). The MMSE has been used for detecting 
delirium or combined delirium and dementia (78–80). 
The MMSE has not been used for evaluating other 
components of delirium such as psychomotor agitation, 
hallucinations, or delusions and may not detect mild 
cognitive failure. One of the advantages of the MMSE 
is that it can be administered by nurses, assistants, 
or volunteers (44). A strategy of assessing at regular 
intervals encourages early recognition of either cogni-
tive failure or delirium. 

 Delirium also can be detected using the CAM (76). 
The CAM can be administered by a trained clinician as 
a 9-item scale or simplifi ed algorithm. The algorithm 
 indicates the presence of an acute-onset fl uctuating course, 
inattention, disorganized thinking, and altered levels of 
consciousness. CAM for the intensive care unit (CAM-
ICU) can be administered by a trained nurse and takes 
2 minutes to complete (81). This tool has a high sensitiv-
ity (93%–100%) and specifi city (98%–100%). When a 
patient in the ICU is verbal and nonintubated, the stan-
dard CAM can be used to detect subtle delirium (82). 

 Assessment of Fatigue 

 Fatigue is a multidimensional syndrome, often with 
multiple contributing causes (83–85), and is defi ned as 
a “decrement in performance of either physical or psy-
chological tasks” (86). The National Comprehensive 
Cancer Network (87) defi nes cancer-related fatigue as 
“a distressing persistent, subjective sense of tiredness or 
exhaustion related to cancer or cancer treatment that is 
not proportional to recent activity and interferes with 
usual functioning.” 

 Fatigue is a major problem for patients with  advanced 
cancer (84) and is one of the most common symptoms en-
countered in palliative care patients (88–90), for whom 
the prevalence of fatigue ranges from 48% to 78% (91). 
Fatigue can be assessed by characterizing its severity and 
temporal features (onset, course, duration, and daily pat-
tern) and by evaluating exacerbating, contributing, and 
relieving factors, its impact on daily life, and associated 
distress (88,92). In palliative care practice, patients pres-
ent with multiple symptoms, which can be assessed using 
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ESAS. The presence of physical and/or psychological 
symptoms such as pain, sleep problems, depression, and 
anxiety signifi cantly correlate with fatigue (88). 

 Fatigue also can be evaluated, for research pur-
poses, with the Functional Assessment of Cancer 
Therapy-Fatigue (FACT-F) subscale (93), the Func-
tional Assessment of Chronic Illness Therapy-Fatigue 
(FACIT-F) subscale (94), and the Brief Fatigue Inven-
tory, which also has been validated as a measure of 
fatigue in patients with cancer (95). The FACIT-F 
subscale, used primarily in cancer patients to measure 
fatigue, consists of 13 items. Patients rate the inten-
sity of fatigue and its related symptoms on a scale of 0 
(“not at all”) to 4 (“very much”). Test-retest reliability 
coeffi cients for the fatigue subscale have ranged from 
0.84 to 0.90. This scale has demonstrated strong inter-
nal consistency (alpha = 0.93–0.95). 

 Other multidimensional tools include the multidi-
mensional assessment of Fatigue Inventory, Multidimen-
sional Fatigue Symptom Inventory, and revised Piper 
Fatigue Scale. 

 Assessment of Anorexia /Cachexia 

 The clinical assessment should include a careful history 
focused on nutritional issues and a physical examina-
tion. The subjective loss of appetite expressed by the 
patient can be assessed with a numerical rating scale 
such as the ESAS or other symptom-evaluation tools, as 
previously described (17–20,27,88). It is important to 
evaluate body weight, an assessment commonly used in 
the clinical practice. Measurement of the mid-upper arm 
circumference may also have prognostic value (96). 

 In the research setting, the 12-item Functional 
Assessment of Anorexia/Cachexia Therapy (FAACT) 
symptom-specifi c subscale, in addition to FACIT-G, is 
used to measure patients’ concerns about their anorexia/
cachexia during the past 7 days. The FAACT has inter-
nal consistency and a reliability coeffi cient (Cronbach’s 
alpha) of 0.88 for its 12 components (94). Patients rate 
the intensity of anorexia/cachexia and its related symp-
toms on a scale of 0 (“not at all”) to 4 (“very much”). 

 Assessment of Nausea and Constipation 

 Nausea is a subjective symptom, frequently secondary 
to multiple causes. Nausea is commonly accompanied 
by other symptoms, such as pain, insomnia, anorexia, 
fatigue, anxiety, and depression; it is important to as-
sess for these other symptoms at the same time because 
they can contribute to or worsen nausea, increasing 
patient and family distress. To record the intensity and 
frequency of this distressing symptom, a validated mul-
tidimensional tool such as the ESAS should be used, not 

only for the initial evaluation but also at regular inter-
vals to evaluate the response to treatment (1). 

 Constipation is a diffi cult condition to assess and 
treat because of the wide variety of presenting symp-
toms (1). Patients with advanced disease present with 
higher risk factors for severe constipation; thus, it is 
 important to carefully obtain a complete clinical history 
of bowel habits, including bowel pattern and the stool 
characteristics. The “Rome criteria”  (romecriteria.org) 
helps in the assessment of constipation but does not 
consider QOL (1). 

 Abdominal X-ray fi lms are helpful in assess-
ing bowel gas pattern and in ruling out ileus or bowel 
 obstruction. By dividing the fi lm into 4 quadrants by 
drawing a large X, a “constipation score” can be ob-
tained. Each quadrant is assigned a score of 0 to 3, with 
0 indicating no stool in the lumen, 1 indicating stool 
occupancy of less than 50%, 2 indicating a greater than 
50% occupancy, and 3 indicating complete occupancy 
of stool in the lumen. Overall scores for all 4 quadrants 
may range from 0 to 12, with a score of 7 or more indi-
cating severe constipation (1). 

 Assessment of Sleep Disturbances 

 Sleep disturbance negatively affects QOL (97–100). 
Sleep deprivation heightens physical, psychological, 
social, and existential suffering, diminishes the coping 
capacity, and exacerbates symptoms such as pain and 
discomfort by increasing the perceived level of illness se-
verity (100–101). Insomnia is underreported; Engstrom 
et al. (101) showed that only 16% of cancer patients 
with sleep disturbances reported their problem to health 
care providers. 

 It is important to assess sleep disturbances and to 
identify and treat associated symptoms. Several tools are 
used to evaluate sleep disturbances, one of which is the 
ESAS. Another effective tool used in the research setting 
is the Pittsburgh Sleep Quality Index (PSQI) (102), which 
measures sleep quality and patterns. It differentiates 
“poor” from “good” sleep by measuring 7 areas: subjec-
tive sleep quality, sleep latency, sleep duration, habitual 
sleep effi ciency, sleep disturbances, use of sleeping medi-
cation, and daytime dysfunction over the past month. 
The subject self-rates each of these 7 areas. Scoring of 
answers is based on a 0 to 3 scale. A global score of 5 or 
greater (with 21 being the maximum global score) indi-
cates a “poor” sleeper (a diagnosis of sleep disturbance). 
The PSQI can be used for both an initial assessment and 
ongoing comparative measurements across all health 
care settings. The PSQI has internal consistency and a 
reliability coeffi cient (Cronbach’s alpha) of 0.83 for its 
7 components. Numerous studies using the PSQI have 
supported its high validity and reliability. The screening 
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performance of the ESAS for sleep disturbances is being 
studied, using the PSQI as a gold standard (102,103). 

 Assessment of Anxiety and Depression 

 Mood disorders are among the most prevalent and 
important of the psychiatric illnesses (104,105). De-
pression coexists with a number of physical symptoms 
in patients with advanced cancer. Its frequency varies 
widely, but it is considered to be present in approxi-
mately 25% of these patients (17,105–110). Mood 
disorders in medically ill patients are underdiagnosed 
and are therefore undertreated (108–111). To improve 
the accuracy of screening for depression, several self-
reporting tools have been created that are easy to 
administer without extensive training (25,112). Lloyd-
Williams et al. (112) showed the association between 
depression and physical symptoms in patients with 
advanced cancer using a 7-item verbal rating scale. 

 The ESAS has been widely used in the clinical set-
ting for multiple symptoms and has been validated for 
use in patients with advanced cancer (17–20). Vignaroli 
et al. evaluated the screening performance of ESAS for 
depression and anxiety compared with that measured 
by the Hospital Anxiety and Depression Scale (HADS) 
and concluded that the ideal cutoff point of ESAS of 
2 out of 10, is sensitive for the presence of depression and 
anxiety in patients in the palliative care setting (25). 

 HADS (113,114) is a brief, self-administered, widely 
used screening tool to measure psychological distress in 
patients. It is sensitive to change, both during the course 
of disease and in response to medical and psychological 
interventions. HADS consists of 14 items on 2 subscales 
(7 for anxiety and 7 for depression). Ratings are made 
on 4-point scales representing the degree of distress dur-
ing the previous week. The 2 scales are then scored sepa-
rately. A score of 7 or less indicates non-cases, 8 to 10 
doubtful cases, and 11+ defi nite cases for anxiety and/
or depression (with ranges of 0–21 for each subscale). 
Also, a one-third cut-off of the range (a score of 14–15) 
has been proposed as the indicator for severe disorder. 
In different studies, HADS showed good reliability and 
validity in assessing symptom severity, anxiety disorders, 
and depression in somatic, psychiatric, and primary care 
patients and even in the general population (113,114). 

 Assessment of Spirituality and Religiosity 

 Spirituality and religiosity are important consider-
ations when evaluating patients with terminal illness 
and can infl uence coping strategies and QOL. The 
presence of spiritual pain can be important in pa-
tients with chronic or acute pain and other physical 
and  psychological symptoms. The line between assess-

ment and  intervention is blurred, and simply inquiring 
about an area such as religious or spiritual coping may 
be experienced by the  patient as an opening for further 
exploration and validation of the importance of this 
experience. 

 There is no widely accepted measure of spiritual-
ity. Research that purports to measure spirituality usu-
ally measures religiousness. Available tools examine 
spiritual history and have the advantage of engaging the 
patient in dialogue, identifying possible areas of con-
cern, and indicating the need for providing resources 
such as referral to a chaplain or support group. One 
tool is called SPIRITual History (115), with SPIRIT an 
acronym for the 6 domains explored: S, spiritual  belief 
system; P, personal spirituality; I, integration with a 
spiritual community; R, ritualized practices and restric-
tions; I, implications for medical care; and T, termi-
nal events planning. The 6 domains include 22 items 
that may be covered in as little as 10 or 15 minutes 
or integrated into general interviewing over several 
appointments. 

 Another way to assess spirituality and religiosity is 
with Puchalski’s and Romer’s (115) Faith, Importance/
Infl uence, Community, and Address (F.I.C.A.) assess-
ment tool. F.I.C.A. includes questions to explore each of 
these areas (e.g., What is your faith? How important is 
it? Are you part of a religious community? How would 
you like me as your provider to address these issues 
in your care?). Although developed as a spiritual his-
tory tool for use in primary care settings, F.I.C.A. lends 
itself to any patient population. The relative simplicity 
of the approach has led to its adoption by many medical 
schools. 

 Assessment of Chemical Coping 

 The CAGE questionnaire (116–118) is used to screen 
for alcohol abuse at any period of life (have you ever 
felt that you should   C  ut down on your drinking? Have 
you been   A  nnoyed by people criticizing your drinking? 
Have you ever felt bad or   G  uilty about your drinking? 
Have you ever had a drink to get rid of a hangover, i.e., 
an   E  ye-opener?) An abnormal score, defi ned as 2 posi-
tive answers to the 4 questions, has been shown to have 
prognostic value in opioid management in patients with 
cancer who experience pain (116–118). 

 Assessment of Family Distress 
and Caregiver Burden 

 The Brief Symptom Inventory and its short form (119) 
provide an overview of a caregiver’s symptoms and 
their intensity at a specifi c point in time. The BSI is an 
18-item self-reported symptom inventory designed to 



 83 • OBJECTIVE SCORING SYSTEMS IN THE PALLIATIVE SETTING 713

 refl ect the psychological symptom patterns of psychiat-
ric and medical patients and nonpatients. This inventory 
 reports profi les of 9 primary symptom dimensions and 
3 global indices of distress. Each item is rated on a 
5-point scale of distress ranging from 0 (“not at all”) 
to 4 (“extremely”). The depression and anxiety sub-
scales of the BSI are well established. The approximate 
completion time for these items is 5 minutes. The inter-
nal consistency estimates of these 2 subscales are 0.85 
 (depression) and 0.81 (anxiety). Estimates of the con-
struct validity of these subscales also are satisfactory. 

 In the Zarit Burden Interview, “caregiver burden” is 
an all-encompassing term to describe the physical, emo-
tional, and fi nancial toll of providing care. It is the most 

widely referenced scale in studies of caregiver burden and 
has been demonstrated to have high internal consistency 
(Cronbach’s α = 0.94) (120). 

 CONCLUSION 

 Most patients receiving palliative care experience mul-
tiple symptoms that signifi cantly affect QOL. Recogni-
tion of these symptoms as multidimensional complexes 
and the use of appropriate and validated assessment 
tools would provide optimal objective measures for 
managing these distressing symptoms and thereby im-
prove patient QOL. 
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  84  Guidelines for Pain 
Control in the Esophageal 
Cancer Patient 

 Kimberly Marie Kaplan 

hen we talk of esophageal pain, 
we can focus on either acute 
or chronic pain. In most stan-
dard terms, chronic pain refers 
to pain that has persisted for 

at least 6 months. This chapter will focus on chronic 
esophageal cancer pain, starting with a brief introduction 
of chronic pain itself. The chapter centers on palliative 
care but also will discuss treatments that are appropriate 
for non-malignant esophageal pain in order to emphasize 
the differences in treatment between malignant and non-
malignant pain. We will then move into the pathophysio-
logic aspects of chronic pain and then discuss medication 
as well as interventional therapies. Medication manage-
ment will include anticonvulsants, antidepressants, and a 
brief history of the opioid therapies. We will conclude with 
a discussion of sympathetic blockade for chronic esopha-
geal pain and intrathecal therapies, the latter of which is a 
treatment used mainly for malignant esophageal pain. 

 Chronic pain is a debilitating disorder with an esti-
mated cost to society totaling billions of dollars (1). The 
treatment of chronic pain represents a challenging prob-
lem to modern medicine. This is in part due to its poorly 
understood pathophysiology, its intractability to surgery, 
and impact on the psychosocial aspect of the patient. 

 The goal of pain management is not just control of 
pain but the ability of a patient to regain control of his or 
her psyche and maintain quality of life.

All methods of pain management attempt to either 
control the cause of the pain or alter the perception of 
the pain. Most therapeutic approaches as labeled as 
pharmacologic or non-pharmacologic. Nonpharmaco-
logic approaches include behavioral techniques, radia-
tion therapy, and surgery. Pharmacologic approaches 
obviously include the medication management that 
often relies upon chronic opioid therapies in the cancer 
patient. 

 PAIN PATHOPHYSIOLOGY 

 The transmission of pain from peripheral pain re-
ceptors to the brain is mediated by spinothalamic, 
spinomesencephalic, spinoreticular, spinolimbic, spi-
nocervical, and dorsal column pathways. Neurons in 
the spinal cord transmit information to a number of re-
gions of the brain stem, including the thalamus, periaq-
ueductal gray, and bulbar reticular formation, as well 
as to limbic structures, hypothalamus, and amygdala 
of the limbic system and cortical centers via the thala-
mus. Much of the nociceptive processing involving the 
cognitive and affective components of pain is mediated 
by higher centers, such as the limbic system and thala-
mus. In addition, there is a descending analgesic system 
that incorporates many of the same components as the 
higher centers. 

 W
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 The approaches to acute esophageal pain, cancer 
esophageal pain, and chronic esophageal pain differ 
somewhat. Some pathologies are believed to heal and 
with healing will come pain resolution. Acute postop-
erative and posttraumatic esophageal pain fall into these 
categories. Thus, these 2 pathologies are generally treated 
with non-steroidal analgesics as a fi rst-line approach. 

 The treatment of esophageal cancer pain, however, 
is considered to require aggressive analgesic therapy, 
and thus is considered safe to treat aggressively because 
the duration of treatment will be time-limited secondary 
to the disease process. 

 However, the use of potent analgesics in chronic 
noncancer pain has been subject to much more rigor-
ous debate. Chronic pain does not share the same time 
course, and the cultural and social factors that envelop 
chronic pain sufferers suggest a much more complicated 
moral dilemma when applying concepts of palliation 
to potentially productive members of society. Although 
the moral imperative clearly is to treat the suffering of 
chronic noncancer pain patients in a palliative manner, 
the clinical data would suggest that the best outcome 
and quality of life actually are achieved with interdisci-
plinary approaches to chronic pain. 

 The World Health Organization analgesic ladder, 
delineated 15 years ago, is the appropriate path to fol-
low in the treatment of cancer pain. It starts with using 
a non-opioid for the management of mild pain; step 2 
is represented by weak opioids (e.g., codeine, hydroco-
done); and step 3 uses opioids without a ceiling effect 
and is typically recommended for moderate to severe 
pain. There are some pain physicians who recommend 
skipping step 2, as pain in most patients is well managed 
using just steps 1 and 3. It is often the case that when a 
cancer patient arrives in one’s offi ce, he or she suffers 
from pain beyond the scope of agents listed in step 2, and 
step 3 becomes the next logical succession. Acetamino-
phen and nonsteroidal anti-infl ammatory drugs can be 
used as adjuvants at any step. 

 How does one choose which agent to use as one’s 
move upwards on the prescribing ladder? The choice of 
medication that is best for a specifi c patient is infl uenced 
by multiple factors such as medical history, drug allergy 
or intolerance, preferred route of administration, half-
life, and availability. For the majority of cancer patients 
at the end of life, good pain relief while maximizing 
function is achievable. 

 NEUROPATHIC PAIN 

 Neuropathic therapy often involves multi-drug therapy. 
The basis for using multi-drug therapy for neuropathic 
pain is the recognition that there may be more than one 
underlying mechanism of the identifi ed disorder. 

 Neuropathic pain includes diverse chronic pain 
disorders, such as postherpetic neuralgia, post-stroke 
central pain, painful diabetic neuropathy, and post-
traumatic neuralgia, among others. Cancer pain often 
incorporates an element of neuropathic pain. The main 
defi ning characteristic of neuropathic pain is that the 
pain develops from disease of or injury to the somatic 
sensory systems. Among those mechanisms are periph-
eral sensitization, which implicates Substance P among 
others. Many other pathophysiologic pathways have 
been proposed to explain the phenomenon which is 
neuropathic pain; however, many are beyond the scope 
of this chapter. 

 Opioids are becoming a more accepted treatment 
for neuropathic pain but suffi ce it to say that many 
pain medicine physicians would still start antidepres-
sant and anticonvulsant therapies prior to initiating 
any chronic opioid therapy. In cancer patients, the 
rules get broken and opioids tend to be given earlier in 
the disease process. Two fi rst-line accepted treatments 
for esophageal cancer pain are the antidepressant and 
anticonvulsant or antineuropathic agents that are de-
tailed below. 

 ANTIDEPRESSANTS 

 Antidepressant medications are among the most com-
monly prescribed psychotropic drugs used as single or 
adjuvant agents in the treatment of pain syndromes. We 
will discuss the tricyclic antidepressants (TCAs) and the 
selective serotonin reuptake inhibitors (SSRIs). 

 The TCAs or “tricyclics” are referred to as such 
because of their characteristic 3-ring structure. They are 
further categorized as either secondary or tertiary amine 
agents, depending on the amine group at the end of the 
carbon side chain. 

 The mechanism responsible for the antidepressant 
effects of TCAs is unknown. They act in the central ner-
vous system to block the reuptake of the monoamine 
neurotransmitters norepinephrine and, serotonin from 
the synaptic cleft. 

 For the patient who can tolerate the side effects, a 
trial of a TCA probably offers the best likelihood of re-
sponse for neuropathic pain. These medications are not 
often benefi cial until one reaches approximately 80–100 
mg daily. These medications can be increased safely 
every week; however, the wide variability in response 
rates and side effects dictates waiting several weeks be-
fore titrating upward. 

 For patients who are unable to tolerate a medica-
tion from the tertiary-amine class, a secondary-amine 
TCA may be administered in the same manner as de-
scribed above. Nortriptyline is considered more potent 
than the other TCAs. Desipramine is less predictably 
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sedating than the other TCAs, and some patients fi nd it 
mildly stimulating (2). 

 Selective Serotonin Reuptake 
Inhibitor Antidepressants 

 Fluoxetine in 1987 for use in depression started the 
popularity of selective serotonin reuptake inhibitor 
antidepressants. However, the addition of venlafaxine 
added something new to the armamentarium of pain 
physicians. 

 These agents prolong the presence of serotonin in 
the synaptic cleft by blocking its reuptake into presyn-
aptic neurons. Since being introduced, these medica-
tions have earned approval of many pain management 
practitioners. Duloxetine is the newest member of the 
family and widely prescribed, with therapeutic doses 
ranging from 60 mg to 120 mg daily.  Duloxetine is clas-
sifi ed as an SNRI (serotonin and norepinephrine reup-
take inhibitor) (2).

 KETAMINE 

 Ketamine was developed as an anesthetic. It has weak 
primary analgesic properties when used by itself in small 
doses. In other circumstances and uses, however, it ex-
erts strong adjuvant analgesic properties by inhibiting the 
binding of glutamate to the NMDA-R, which is probably 
its most critical mechanism of action. There is growing 
evidence that NMDA-R antagonists, such as ketamine, 
palliate spontaneous, neuropathic pain. However, there 
may be other mechanisms to ketamine’s action. There is 
no agreement on a single, uniform best ketamine proto-
col or dose. Often, however, reduction of opioid doses in 
cancer patients is achieved within the fi rst few hours of a 
ketamine intravenous infusion or oral ketamine therapies. 
One should strongly consider the routine use of a small 
dose of benzodiazepine or  neuroleptic while initiating 
treatment to minimize the psychotomimetic side effects. 

 OPIOIDS 

 Opioids are drugs that have been used for decades to 
treat pain in patients. Effects from opioids depend on 
the dose taken at one time, how the drug is delivered, a 
patient’s history with the drug, the patient’s psycholog-
ical and emotional stability, and the simultaneous use 
of alcohol or other drugs. Opiates are drugs derived 
from opium and include well-known derivatives such 
as morphine and codeine. Opioids refer to drugs with 
morphine-like activity and can be naturally occurring, 
semisynthetic, or synthetically derived. 

 The proper use of opioids involves selecting a par-
ticular drug and route of administration and determining 
the suitable initial dose, the frequency of administration, 
and the incidence and severity of side effects; whether 
the analgesic will be given in an inpatient or ambulatory 
setting must also be determined. 

 The Short-Acting Opioid Analgesics 

 Without the brain, there is no experience known as pain. 
Opioid therapies combat that pain, not only at the cen-
tral nervous system level but also at the spinal level. The 
short-acting opioid analgesics are often used for break-
through pain. The short-acting medication discussed in 
this chapter will be tramadol. 

 Tramadol is a synthetic analog of codeine. IV Tra-
madol at dose of 50 to150 mg is equivalent to IV mor-
phine at does of 5 to 15 mg. Tramadol is a useful agent 
for treating mild to moderate pain. However, tramadol 
may induce seizures, especially when used in conjunc-
tion with proconvulsive drugs and in epileptic patients. 

 The Long-Acting Opioid Analgesics 

 Morphine is the prototypical opioid to which all other 
analgesics are compared in determining their relative 
analgesia potency. It is the standard of comparison for 
parenteral and oral opioid analgesics. The opioids, in-
cluding morphine, provide analgesia at both a spinal 
cord and at a cerebral cortex level. Opioids produce an-
algesia by binding to opioid receptors both within and 
outside of the central nervous system. Relative potency 
of intramuscular morphine to oral morphine on repeated 
administration is 1:2 or 1:3. Slow-release formulations 
of morphine can be administered on an 8-hour basis, 
12-hour basis, or 24-hour basis. These formulations use 
either hydrophobic or hydrophilic matrices to allow a 
graded release of the drug as the pill passes through the 
gastrointestinal tract. 

 In addition to possessing pain-relieving properties, 
the opiates possess other effects. These include seda-
tion, nausea, decreased pain perception, and feelings of 
euphoria. 

 Methadone is another long-acting opioid deriva-
tive with unusual pharmacodynamic and pharmaco-
kinetic properties. Methadone’s NMDA antagonist 
properties set it aside from the other analgesic thera-
pies and perhaps make it a better opioid analgesic 
when neuropathic as well as nociceptive pain must be 
considered. 

 It is a popular choice for cancer pain, probably due 
to several factors, among which is its relatively long termi-
nal half-life, which allows for less repeated dosing. Stud-
ies of methadone in opioid-dependent patients suggest 
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that its terminal half-life ranges from 25 to 52 hours. 
Recently, an increased number of deaths have been as-
sociated with the use of methadone, and the FDA has 
alerted physicians about methadone-induced cardiore-
spiratory adverse effects. 

 Oral oxycodone is approximately 7 to 9.5 times 
more potent than oral codeine and 1.5 times more po-
tent than oral morphine. Unlike morphine, oxycodone 
is currently marketed for pain management in only 1 
controlled-release formulation. 

 Fentanyl is available in parenteral, transdermal, and 
transmucosal formulations. It is 80 to 100 times more po-
tent than morphine when given by the IV route. The oral 
transmucosal formulation of fentanyl (Actiq,  Cephalon) 
is indicated for the treatment of breakthrough pain in 
cancer patients already tolerant to opioid analgesics. 

 Fentanyl administered via a transdermal delivery 
system (i.e., the patch) attains variable plasma concen-
trations and is associated with a risk for respiratory de-
pression (as are all opioid analgesics). 

 As the understanding of the pharmacologic aspects 
and clinical experience of opioids become more wide-
spread in the medical communities, medical profession-
als have become more accepting of the use of opioids for 
the treatment of pain in both acute and chronic settings. 
The variety of opium derivatives, from naturally occur-
ring to synthetic, from partial agonist to antagonist, 
allows the medical professional the fl exibility to cater 
a treatment regimen that takes into account the myriad 
of medical complexity, types of pain, and potential side 
effects affecting their patients. Ongoing and future re-
search and advances in the clinical use of opioid drugs 
together with parallel growth in the understanding of 
opioid mechanisms hopefully will counteract under 
treatment of pain and fear of opioid therapy. 

 SYMPATHETIC BLOCKS 

 Many pain clinics perform blockade of the sympathetic 
pathways. Sympathetic blockade is used diagnostically 
to determine if a patient’s particular pain complaint in-
volves components of the sympathetic nervous system. 
There are many different approaches to sympathetic 
blockade of the esophagus. 

 Blockade of sympathetic transmission can be ac-
complished by a variety of approaches, including epi-
dural, intrathecal, or stellate ganglion blockade. A 
neuroaxial block which includes epidural or intrathecal 
will very likely result in blockade of all neuronal fi bers: 
autonomic, sensory, and motor. 

 The indications for sympathetic blocks are very 
broad, representing the wide range of clinical symptoms 
the sympathetic nervous system can affect. Usually, pain 
physicians use sympathetic blocks for disorders of the 

upper-thoracic area (which includes the esophagus) and 
pain disorders of the upper extremities. This includes 
disorders such as complex regional pain syndrome type 
1 and complex regional pain syndrome type II. 

 There are some signs to watch for to help deter-
mine if one has a successful diagnostic block. Horner’s 
syndrome, which involves the triad of ptosis, miosis, 
and facial anhydrosis, is often the constellation of symp-
toms and signs that accompany a successful stellate gan-
glion block of the upper extremity. However, one does 
not need to achieve a Horner’s syndrome to confi rm a 
properly placed stellate ganglion block. In addition to 
a Horner’s syndrome, there is often an increase in skin 
temperature. 

 A positive result to a diagnostic sympathetic block 
can be followed by a therapeutic block that often incor-
porates alcohol or phenol. These blocks are benefi cial 
in that they let the patient scale back on their opioid 
consumption. Most pain practitioners reserve neurolysis 
procedures for those patients with malignant pain (2). 

 INTRATHECAL DRUG DELIVERY 

 Despite signifi cant, positive advances in opioid formula-
tions ranging from long-acting tablets to lollipops, the 
most potent way to administer opioids is by the intrathe-
cal route. 

 Chronic infusion of a wide array of intrathecal 
medications for severe chronic pain or spasticity has be-
come an accepted medical practice and offers an alter-
native therapy for patients unresponsive to conventional 
modalities. An array of distinct pharmacologic classes of 
analgesics are in use as single agents and in combination. 
Continued research into new drugs such as ketorolac, 
gabapentin, octreotide, neurotrophin-3 antisense oligo-
nucleotide, glial-derived neurotrophic factor, and others 
may show promise. Restraint must be shown until pre-
clinical and clinical trials demonstrate the safety of these 
drugs, and appropriate patient selection must be inte-
gral to the process to permit the best chance of success. 
An in-depth, systematic review of combination spinal 
analgesic chemotherapy by Walker et al. has provided 
evidence to support various single and combination 
drug therapies,   and a treatment algorithm devised by 
the Polyanalgesic Consensus Conference of 2003 details 
much needed guidelines for their use. A wide range of 
opioid have been studied intraspinally. Fentanyl, sufent-
anil, and meperidine have been studied intraspinally and 
are routinely used. Other opioids that have been studied 
are buprenorphine, diamorphine, sufentanil, alfentanil, 
lofentanil, butorphanol, hydromorphone, nalbuphine, 
methadone, nicomorphine, pentazocine, phenoperidine, 
meptazinol, and tramadol. At this time, there is a gen-
eral lack of comparative data for these drugs. The major 
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difference between the various opioids intraspinally is 
latency of onset, duration of analgesia, and adverse ef-
fects. The quality of analgesia appears to be similar for 
all drugs (3). 

 In conclusion, there is no specifi c plan or spread-
sheet that will dictate a patient’s pain management needs 
or requests. Pain management must be catered to the in-
dividual, and the discussions above are only an outline. 
Combining drug therapies with psychologic support, 
and other alternative modalities, such as acupuncture 
and physical therapy techniques, give one the equation 
most likely to lead to success. 

 THE TEAM APPROACH 

 History and examination of the patient by appropriate 
health care professionals in multidisciplinary pain cen-
ters allow triage that guide management. Drugs, physi-
cal, and psychological measures are, most of the time, 
suffi cient to relieve pain and improve quality of life. This 
however, takes time. Perhaps the most important role of 
the pain practitioner is to educate and assure patients 
that their quality of life and function can improve de-
spite unchanging Visual Analog Scale (VAS)   scores. 
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  85  Endoscopic Palliation 
of Dysphagia: 
Photodynamic Therapy 

 Paula Ugalde
James D. Luketich 

on Tappeiner (1) originally de-
scribed  photodynamic action  at the 
beginning of the 20th century. This 
reaction was based on the ability of 
acridine, in the presence of oxygen, 

to produce cytotoxicity to living organisms after light 
stimulation. However, it was not until 1942 that Auler 
and Banzer discovered the tumor cell selectivity of por-
phyrins when they noted in vivo fl uorescence of tumor 
tissue after systemic application of a porphyrin (2). Then, 
in 1955, Samuel Schwartz (3) developed a hematopor-
phyrin derivative (HPD) by acetylation and reduction of 
hematoporphyrin, which was found to be twice as pho-
totoxic as hematoporphyrin. 

 By the 1970s, photodynamic therapy had fi nally 
gained popularity, and several groups in North America 
and Europe expanded their investigations using photo-
dynamic treatment for several cancers, including skin, 
bladder, lung, gynecologic, breast, brain, and esophageal 
cancer (4–10). In the 1990s, the U.S. Food and Drug 
Administration approved the purifi ed HPD Photofrin 
(porfi mer sodium; Quadra Logic Technologies Photo-
therapeutics, Inc., Vancouver, Canada) for the treatment 
of obstructive esophageal cancer (11). 

 The incidence of esophageal carcinoma has in-
creased over the past 2 decades (12), and it is now the 
eighth most common cancer around the world (13). At 
diagnosis, nearly 60% of patients are either extremely 

poor operative candidates or have unresectable cancer 
that extends beyond the locoregional confi nes, leaving 
only a small percentage eligible for potentially curative 
resection (14). Thus, clinicians are often dealing with 
an advanced-stage, incurable carcinoma in newly diag-
nosed patients. 

 In patients with unresectable or incurable carcinoma 
who present with dysphagia, an important goal is to pro-
vide symptomatic relief, which may improve nutritional 
status, the sensation of well-being, and, ultimately, the 
overall quality of life (15). Malignant dysphagia results 
from a partially or completely obstructed esophageal 
lumen leading to malnutrition, aspiration, and sialor-
rhea. The return to oral intake through the least invasive 
procedure and shortest hospital stay is the ideal pallia-
tion. This type of management is far superior and more 
cost effective than feeding tubes or parenteral nutrition. 

 The primary nonsurgical method for palliation 
of dysphagia is endoscopic therapy (16–22). Ideally, 
the surgeon dealing with esophageal cancer patients 
should be well-versed in all endoscopic interventions. 
Currently available modalities include thermocoagu-
lation (laser), bipolar electrocautery, balloon dilata-
tion, expandable metal stent insertion, endoesophageal 
brachytherapy, and, more recently, photodynamic ther-
apy (PDT) (23–28). One modality often is chosen over 
another based on the availability of instrumentation, 
physician expertise, and patient preference. 

 V
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 The ideal palliative method should be safe, effective, 
durable, have low cost and be associated with minimal 
morbidity and mortality. Some patients will require more 
than one palliative method to sustain lumen patency dur-
ing the course of their disease. In this chapter, we review 
the use of PDT as an endoscopic palliation procedure for 
malignant dysphagia. 

 PRINCIPLES OF PHOTODYNAMIC 
THERAPY 

 In the palliative setting of advanced esophageal cancer, 
PDT is an easy, safe, and effective treatment modality. 
However, the cost of PDT is signifi cant (29). Ideal can-
didates for this procedure have locally advanced esoph-
ageal cancer with primarily endoluminal disease and 
minimal stricture or extrinsic compression. 

 MECHANISM OF ACTION 

 A photosensitizer that can accumulate in tumor tissue 
marked for destruction is required for PDT. Porfi mer 
sodium is the most widely used photosensitizer and 
achieves an exited state after exposure to light (30). 
The activated drug generates oxygen-free radicals that 
selectively kill the tumor cells (14). This cytotoxic ef-
fect leads to tumor ablation and ultimately endoluminal 
patency (31). In addition to directly killing cancer cells, 
PDT appears to shrink or destroy tumors in 2 other 
ways: it can damage blood vessels in the tumor and 
also activate the immune system to attack the tumor 
cells (11). 

 PROCEDURE 

 A simple 2-stage process, PDT can be performed in the 
outpatient setting and may be repeated and/or be used 
along with other therapies, such as surgery, radiation, or 
chemotherapy. Photofrin is injected into the bloodstream 
24 to 48 hours prior to the procedure (2 mg/kg). This 
agent is absorbed by cells all over the body but there is 
some selectivity to malignant cells. Under general anes-
thesia, fl exible endoscopy is performed to visualize the 
tumor. Then, with an optical fi ber passed through the 
endoscope, a 630 nm wavelength of laser light is deliv-
ered onto the tumor. The photosensitizer absorbs the 
light energy, achieves an exited state, and through a pho-
tochemical reaction produces tumoricidal oxygen free 
radicals (32). 

 Patients are discharged home 2 to 3 hours post-
procedure with instructions to maintain a liquid diet for 
24 to 48 hours and then to progressively advance the 

consistency of the diet. Patients also need to be advised 
to avoid sunlight and other sources of ultraviolet light. 
We prefer to repeat the endoscopy 2 days after the PDT 
to assess tumor response, debride any necrotic tumor, 
and perform a second light application to remaining vi-
able areas of tumor (33). Also, during this second endos-
copy, esophageal dilation can be performed in attempt 
to avoid secondary strictures (34). 

 The non-thermal laser light activates the drug, al-
lowing it to destroy the esophageal tumor while sparing 
nearby healthy tissue. This way, the risk to the integ-
rity of the underlying structures is minor compared to 
thermal laser techniques (30). Since the light cannot 
pass through more than about 1 cm of tissue depth 
(35), PDT is not effective for large, bulky tumors un-
less several treatments are administered. Also, there is 
a strong correlation between the dose of light delivered 
per square centimeter of tissue and the depth of tissue 
necrosis (25). The length of ablation can be managed by 
using various length laser light probes (1 to 5 cm) (36). 
Finally, the tumor cytotoxicity continues for days after 
the application (33). Photosensitivity continues for 4 to 
6 weeks and patients need to be well-educated on as-
sessing their own photosensitivity and a careful return 
to sun exposure. We generally recommend complete 
avoidance of direct sunlight for 4 to 6 weeks. After this 
period, we recommend patients test for remaining sun 
sensitivity by exposing a forearm to sun for 10 minutes. 
The patient should then wait several hours and assess 
the response. If redness is present, we recommend ad-
ditional avoidance of sunlight and a retrial at a later 
date. 

 RESULTS 

 Several studies have shown that PDT is effective as the 
primary modality in management of most patients with 
malignant dysphagia from obstructing esophageal can-
cer (25,34,37–38). This method delivers rapid relief of 
dysphagia and allows oral intake of a soft to regular diet 
5 to 7 days after the procedure (25). Some patients may 
have temporary worsening of the dysphagia secondary 
to edema and some limitations in oral diet will still be 
required, but the large majority will be able to avoid the 
need for enteral nutrition. Within days of treatment the 
patient will note improvement of the malignant dyspha-
gia, have minimal pain, and, in some cases of gastro-
esophageal junction tumors, have less refl ux (33). The 
durability of the relief of dysphagia is variable, mostly 
depending on the rate of progression of the cancer (38). 
The benefi ts of this procedure are listed in Table 85.1.   

 The main drawback of PDT is the formation of 
esophageal strictures requiring dilations (31). Further, the 
combination of radiation therapy, chemotherapy, and PDT 
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increases the risk of stricture formation. In our series of 
215 patients, this complication occurred in only 1.6% of 
patients (34), which is very low compared with that seen 
when PDT is used as curative treatment (as high as 50%) 
(35). As part of this protocol, most of the patients under-
went dilation with debridement of necrotic tumor on day 
2 after PDT treatment (34). In this experience, more than 
90% of patients experienced improvement of dysphagia 
4 weeks after PDT and sustained a symptom-free interval 
for 11 weeks. The mean survival of this series was 5.9 
months (37). It is important to note that patients with 
marked extrinsic compression generally underwent place-
ment of expandable metal stents and did not receive PDT 
as the primary therapy. 

 Two prospective randomized clinical trials (25,39) 
have compared the palliation of PDT with porfi mer 
sodium versus Nd:YAG thermal ablation in advanced 
esophageal cancer patients. Both trials concluded that 
PDT has equal effi cacy to Nd:YAG but with longer du-
ration of response and that PDT can be accomplished 
with greater ease and fewer complications than Nd:YAG 
(25,39). 

 McCaughan and colleagues (40) used PDT to treat 
77 patients with esophageal carcinoma over a 12-year 
period. Median survival for all patients was 6.3 months. 
The only signifi cant variable affecting survival after PDT 
treatment was the clinical stage. Researchers are work-
ing to improve PDT by developing new photosensitizing 
drugs and evaluating new ways of delivering the proper 
amount of light to the cancer. 

 COMPLICATIONS 

 The main disadvantage of PDT is the skin photosen-
sitivity in patients who have a limited life expectancy. 
Porfi mer sodium makes the skin and eyes sensitive to 
light for approximately 6 weeks after treatment (14,41). 
Thus, patients are advised to avoid direct sunlight and 
bright indoor light for at least this period. Though the 
activating light is focused on the tumor, PDT can cause 
burns, swelling, pain, and scarring in nearby healthy tis-
sue. This issue is carefully explained to the patient and 
family. It may not be the best choice for patients with a 

limited life span whose demographics and lifestyle in-
clude signifi cant sun exposure. 

 Other known complications of PDT are esopha-
geal stricture, perforation, Candida esophagitis, pleu-
ral effusion, fever, and chest pain (25,37–38). Typical 
complications are listed in Table 85.2. The costs of 
specialized equipment and the photosensitizing agent 
are signifi cant. For example, a vial of 75 mg of pho-
tofrin can cost up to $2,000.00 or more and patients 
generally receive 2 mg/kg, thus 2 vials are frequently 
needed. The cost of the laser delivery device has de-
creased in recent years but can be $40,000 to $200,000 
depending on the laser delivery device chosen. Less ex-
pensive delivery devices are becoming more available 
today. 

 CONTRAINDICATIONS 

 PDT should not be performed in patients with acute 
porphyria, poor kidney or liver function, thrombosis 
of main blood vessels, leukopenia, thrombocytopenia, 
and terminal tumor stage (11). Disadvantages of PDT 
include the need for expensive equipment that is not uni-
versally available, and the life style changes required to 
avoid sunlight exposure. 

 CONCLUSION 

 Despite various treatment options for palliation of 
malignant dysphagia, the optimal strategy remains un-
known. For palliation, PDT is a simple, safe, and effec-
tive technique that can be performed in the outpatient 
setting. However, it has a high cost. It may become 
more effi cient and more widely used if more effective 
sensitizers become available and if the light source for 
PDT can be simplifi ed and made more affordable. 

TABLE 85.1 
Benefits of Photodynamic Therapy

• Performed on an outpatient basis
• Relatively pain free
• Requires minimal sedation
•  Involves less risk than other esophageal cancer 

treatments, such as surgery

TABLE 85.2 
Complications (29)

• Esophageal stricture
• Esophageal perforation
• Photosensitivity for approximately 30 to 45 days 
• Local swelling /inflammation 
• Substernal chest pain
• Nausea
• Fever
• Cough and shortness of breath
• Odynophagia
• Pleural effusion
• Leukocytosis
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  86  Endoscopic Palliation 
of Dysphagia: Stenting 

 Todd Huntley Baron 

he initial stents used for palliation 
of malignant dysphagia were rigid 
stents, which continued to be used 
in some countries. However, the 
use of self-expandable metal stents 

(SEMS) has essentially replaced these rigid stents for 
palliation of malignant dysphagia (1). The fi rst Food 
and Drug Administration (FDA) approved expandable 
esophageal stent was introduced in 1994. Recently, 
self-expandable plastic stents (SEPS) have been increas-
ingly used for palliation of malignant dysphagia. This 
chapter will review the use of stents for palliation of 
malignant dysphagia. 

 MALIGNANT DYSPHAGIA 

 Esophageal cancer is the primary cause of malignant 
dysphagia, a major cause of morbidity and mortality. 
Cancer of the esophagus and gastroesophageal junction 
(GEJ) is increasingly diagnosed in more than 400,000 
patients per year worldwide. Esophageal cancer is the 
eighth most common malignancy and sixth leading cause 
of cancer-related death (2). Esophageal cancer carries a 
dismal prognosis, with an overall 5-year survival rate of 
less than 20% (2). More than 50% of patients have un-
resectable disease at the time of diagnosis, due to either 
metastases or poor medical condition. Most of these 

patients live less than 6 months, and palliation is the 
major goal to relieve dysphagia. Malignant dysphagia, 
defi ned as diffi culty with swallowing due to cancer, typi-
cally results from a partially or completely obstructed 
esophageal lumen. Obstruction can occur not only as a 
result of intrinsic lesions (esophageal cancer) but from 
extrinsic compression due to lung cancer or other medi-
astinal malignancies. Patients with malignant dysphagia 
often lose their ability to eat safely and comfortably, 
which leads to malnutrition, aspiration, and sialorrhea. 

 A wide variety of recently developed palliative 
treatments are currently available for relief of inoper-
able malignant dysphagia. The main options include 
endoscopic stent placement, radiation therapy (external-
beam or brachytherapy), chemotherapy, photodynamic 
therapy, and nutritional support. 

 Rigid Plastic Stents 

 Rigid plastic esophageal prostheses were fi rst placed 
surgically and later, endoscopically. These devices have 
fi xed internal and external diameters (Figure 86.1). The 
largest diameter that can be achieved is still smaller than 
what is achieved with self-expandable stents. Because 
the stent diameters are fi xed and relatively large in com-
parison to the stricture, large-bore dilation is required. 
In one series of 91 patients undergoing rigid plastic stent 

 T
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placement using Celestin and Atkinson tubes, the pros-
thesis was successfully placed in only 77 patients (3). 
Minor complications related to prosthesis placement 
(pain, obstruction, and migration) occurred in 40% of 
patients, and severe complications (perforation, fi stulae, 
bleeding, and death) occurred in 20%. In another study 
of 71 patients, modifi ed Tygon plastic stents with diam-
eters of 9 to 14 mm were placed after stepwise dilation 
was performed over several sessions (4). After a median 
of 2 (range 1–5) dilation sessions, stent insertion was 
technically successful in all patients. Three patients had 
to undergo endoscopy within 24 hours because of pain 
or stent migration. No procedure-related perforation, 
hemorrhage, or respiratory complications occurred. 
Improvement or stabilization of dysphagia with oral in-
take could be achieved in 89%. Migration occurred in 
8 patients, food obstruction in 5, and tumor overgrowth 
in 4. Nonetheless, rigid stents have been shown to palli-
ate malignant dysphagia and seal esophago–respiratory 
fi stulae. They continued to be used in countries where 
resources are limited, especially where the patient must 
pay for the device. 

 Self-Expandable Metal Stents 

 During the past 15 years, SEMS composed of wire mesh 
have become available for the treatment of malignant 
dysphagia and are now used almost exclusively as com-
pared to rigid plastic stents; SEMS have a number of 
advantages over the previously used conventional plas-
tic prosthetic tubes (5). They are supplied in a tightly 
bound form on a delivery catheter, greatly reducing the 

predeployment diameter of the delivery system to only 
5 to 10 mm, requiring little or no dilation before place-
ment. After its placement, the stent gradually expands, 
decreasing the risk of stent-related placement complica-
tions compared with plastic stents. Moreover, the lumi-
nal diameter achieved ranges between 16 and 24 mm 
and due to its fl exibility there is signifi cant improvement 
in the quality of swallowing when compared to plastic 
prosthetic tubes (6). Despite the reduction of complica-
tions related to stent insert, delayed complications may 
be as frequent following SEMS placement (7,8). 

 The currently available SEMS from various manu-
facturers differ in design and expanded luminal diameter 
(Figure 86.2). In addition, the radial expansile forces 
and degree of shortening also differ. The fi rst-generation 
SEMS were uncovered. Tumor ingrowth through the 
wire mesh of the stent occurred in 20% to 30% of cases 
that led to recurrent dysphagia. The second- generation 
SEMS have an external or internal covering to prevent 
tumor ingrowth. In a randomized study of 62 patients 
with malignant inoperable esophageal obstruction at 
the GEJ, obstructing tumor ingrowth was signifi cantly 
more likely in the uncovered stent group (9/30) than in 
the covered group (1/32) ( P  = 0.005) (9). However, cov-
ered SEMS are more likely to migrate than uncovered 
SEMS, especially when deployed in the region of the dis-
tal esophagus and cardia. In one study, the migration 
rate was nearly twice for covered than for uncovered 
stents (12% vs. 7%) (9). In a retrospective study of 152 
patients, stent migration occurred in 0% of uncovered 
stents and 10% of covered stents (10).   

FIGURE 86.1

Representative rigid esophageal stents.

FIGURE 86.2

Representative covered expandable metal esophageal stents. 
From left to right: Dual anti-reflux modification of the 
esophageal Z-stent (Cook Endoscopy), Covered Z-stent with 
anti-migration hooks (Cook Endoscopy), Ultraflex (Boston 
Scientific), Ali-Maxx (Alveolus), Flamingo esophageal stent 
(Boston Scientific), and Wallstent II esophageal stent (Bos-
ton Scientific).
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 Most SEMS have large internal diameter, fl exibil-
ity, relatively atraumatic ends, and in some cases can be 
repositioned (11). At present, there are 4 expandable 
metal esophageal stents available in the United States 
(Table 86.1) (12).   

 The Ultrafl ex stent (Boston Scientifi c, Natick, MA, 
USA) (Figure 86.2) consists of a knitted nitinol wire tube. 
The covered version has a polyurethane layer extending 
up to 1.5 cm of either end. The stent has a proximal fl are 
with 2 sizes: 28 mm (distal diameter 23 mm) and 23 mm 
(distal diameter 17 mm) with midsection diameters of 
22 mm and 18 mm, respectively. The delivery system is 
available in a proximal or distal release version. The de-
gree of shortening after deployment is 30% to 40%. The 
radial force of the Ultrafl ex stent is the lowest amongst 
the currently available SEMS (1). The delivery system 
works by pulling a handle that leads to unraveling of a 
constraining string with subsequent stent expansion. 

 The Wallstent (Boston Scientifi c) is made from a 
stainless steel, cobalt-based alloy and is formed into a 
tubular mesh. It is available in 2 designs: the Wallstent 
II and the Flamingo Wallstent (available only in Europe) 
(Figure 86.2). The Wallstent II is covered with a silicone 

polymer layer, with 2 cm left exposed at the proximal and 
distal ends. It fl ares to 28 mm at both ends, with a diam-
eter of 20 mm at its midsection. The degree of shortening 
after placement is about 20% to 30%. The delivery sys-
tem is similar to the biliary Wallstent, in which a handle 
is withdrawn that then withdraws a covering constrain-
ing sheath. Wallstent can be re-constrained up to 50% of 
deployment. The Flamingo Wallstent has a much wider 
proximal fl ange intended to reduce the higher stent mi-
gration rate after placement across the GEJ. The conical 
shape of the stent is designed to apply a variable radial 
force throughout the length of the stent to address ana-
tomic differences in the distal esophagus and gastric car-
dia. The stent is covered by a polyurethane layer, which 
is applied from the inside, extending up to 2 cm of either 
end. A large-diameter (proximal and distal diameters 30 
and 20 mm) and a small-diameter stent (proximal and 
distal diameters 24 and 16 mm) are available. The Wall-
stent II and the Flamingo Wallstent have strong radial 
force and are both very pliable, with the diameter of the 
stent being unaffected even when angulated. 

 The Z-stent (Cook Endoscopy, Winston-Salem, 
NC, USA) consists of a wide  Z -mesh of stainless steel 

TABLE 86.1
Available Types of Covered Metal Stents

Ultraflex Wallstent II Z-Stent Alimaxx Flamingo Wallstent Choo Stent

Stent material Nickel titanium 
(nitinol)

Cobalt-based 
alloy

Stainless steel Nitinol Cobalt-based alloy Nitinol

Delivery system 
 diameter (F)

16 18 28 21 18 28

Covering Partial Partial Partial Full Full Full

Design Mesh Mesh Zig-zag Mesh Zig-zag

Radial force + +++ ++ +++ ++

Length (cm) 10, 12, 15 10, 15 6, 8, 10, 12, 14 7, 12, 15 12, 14 8, 11, 14, 17

Lumen 
 diameter—flanges

23, 28 28 21, 25 27, 23 
proximal
25, 21 distal

24, 30

Lumen 
 diameter—shaft

18, 23 20 18, 22 18, 22 16, 20 18

Release System Proximal /Distal Distal Distal Distal Distal Distal

Flexibility +++ ++ + ++ ++ +

Degree of 
 shortening

30%–40% 20%–30% 0%–10% 0% 20%–30% 0%–10%

FDA approved Yes Yes Yes Yes No No

Manufacturer Boston Scien-
tific, Natick, 
MA, USA

Boston Scientific, 
Natick, MA, USA

Cook Medical, 
Winston-Salem, 
NC, USA

Alveolus, 
Charlotte, 
NC, USA

Boston Scientific, 
Natick, MA, USA

MI Tech, 
Seoul, 
Korea   
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the different stent types (13). Covered versions of the 
Wallstent and the Ultrafl ex stent were compared in an-
other retrospective study, which showed a higher early 
complication rate with the Wallstent, but a higher re-
intervention rate with the Ultrafl ex stent (14). 

 In a prospective trial, 100 patients were random-
ized to receive the covered Ultrafl ex stent, the Flamingo 
Wallstent, or the Z-stent. There were no signifi cant dif-
ferences in the improvement of dysphagia, the occur-
rence of complications, or the recurrence of dysphagia, 
although there was a trend toward a higher complication 
rate with the Z-stent (Ultrafl ex stent: 24%, Flamingo 
Wallstent: 18%, and Z stent: 36%) (15). In another 
prospective trial, the Ultrafl ex stent and the Flamingo 
Wallstent were compared in patients with distal esopha-
geal cancer. The 2 stent types were equally effective in 
the palliation of dysphagia in this patient group and 
the complication rate associated with their use was also 
comparable (23% in both) (16). 

 Though not a comparative study, data about the 
Niti-S stent come from a prospective study of 42 patients 
with malignant esophageal obstruction. Stent migration 
occurred in 7% of patients and stent occlusion from either 
tumor or hyperplastic tissue overgrowth was observed in 
5% of patients after a mean follow-up of 6 months (17). 

 From the above data, it can be concluded that there 
are only minor differences in effi cacy and  complication 
rates between the most commonly used expandable 
metal esophageal stents. Some practical tips for the 
endoscopist when choosing a stent include: careful at-
tention to results of trials, realizing that a single-center 
study is unlikely to address all possible scenarios; and in-
dividually meeting with stent manufacturer’s representa-
tives and have them display their products (predeployed 
and fully deployed) to decide which delivery system 
and stent the endoscopist feels most comfortable with. 
For endoscopists who are inexperienced with different 
SEMS, deployment of one type of stent in several pa-
tients allows for a comfort level to be reached in which 
to decide on the stent design. They should also talk with 
colleagues and experts in the fi eld about the advantages 
and disadvantages of each stent for specifi c clinical sce-
narios. Since the differences in cost among stent types 
are relatively small in comparison to the overall cost in 
caring for these patients, it is unlikely to play a large role 
in determining which stent type to use (18). 

 ENDOSCOPIC PLACEMENT 
OF SELF-EXPANDABLE STENTS 

 Placement of SEMS for malignant dysphagia is usually 
performed as an outpatient procedure and in experi-
enced hands can usually be performed in 15 to 30 min-
utes. Using moderate sedation, the patient is placed in 

available in partially covered or fully covered by a poly-
ethylene layer (Figure 86.2). It fl ares to 25 mm at both 
ends with a diameter at its midsection of either 18 mm 
or 22 mm. The stent requires assembly onto a delivery 
catheter. The Z-stent does not shorten on release and 
is the least fl exible of the currently available SEMS. It 
is available with or without fi xation barbs in the cen-
tral segment (Figure 86.2). The Z-stent is also available 
with an antirefl ux valve (Dua modifi cation) to prevent 
gastroesophageal refl ux when placed across the gastro-
esophageal junction (GEJ) (Figure 86.2). 

 The Alimaxx stent (Alveolus, Charlotte, NC, USA) 
(Figure 86.2) is composed of nitinol and fully covered 
internally (lined). The delivery system is shorter than the 
other stents to allow the physician to deploy the stent 
with one hand. There are no clinical studies regarding 
the outcome for this stent for palliation of malignant 
dysphagia. 

 Stents from outside the United States 

 M.I.Tech Co., Ltd., Seoul, Korea, manufactures a vari-
ety of esophageal SEMS. These include the Choostent™, 
the Dostent™, and the Hanarostent™. The Choostent 
(Table 86.1) is completely covered with large fl anges at 
each end. A retrieval lasso is present. The Dostent is de-
signed specifi cally for obstruction at the lower esoph-
agus and GEJ. It has a tricuspid antirefl ux valve. The 
Hanarostent has an  S -shaped antirefl ux valve situated 
within the distal end of the stent. 

 Taewoong-Medical Co., Ltd, Seoul, Korea, manu-
factures the Niti-S stent, which is available in 3 varieties. 
One is completely covered and designed for removability. 
Another combines fl ared ends of 26 mm and a double-
layer confi guration consisting of an inner polyurethane 
layer to prevent tumor ingrowth and an outer uncovered 
nitinol wire tube. The latter allows the mesh of the stent 
to embed itself in the esophageal wall and prevent mi-
gration. A modifi cation of this stent is available with an 
antirefl ux valve (Figure 86.3).   

 ELLA-CS, s.r.o., Czech Republic, manufactures 
the FerX-ELLA (stainless steel) and SX-ELLA (nitinol) 
esophageal stents. Each is available with and without 
and without an antirefl ux valve. 

 Comparison of Different Types of Covered 
Stents for Palliation of Malignant Disease 

 Several studies have been published that directly com-
pare the outcome of different types of covered SEMS. A 
retrospective study, including 96 patients, compared the 
uncovered Ultrafl ex, covered and uncovered versions of 
the Wallstent, and the covered Z-stent. No differences 
were found in outcome and complication rate between 
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 FIGURE 86.3 

 Niti-S Esophageal Covered Stent (Double Anti-Reflux Type) 
(Taewoong-Medical Co). 

the left lateral decubitus or prone position. Placement 
is frequently done using fl uoroscopic assistance, though 
placement under endoscopic visualization alone by pass-
ing the endoscope alongside the predeployed stent is also 
possible (19,20) Application of an endoscopically visible 
marker at the level of the proximal portion of the stent 
has been described to facilitate endoscopic visualization 
(21), though this is usually not necessary to visualize 
the proximal end of the stent. SEMS can also be placed 
under fl uoroscopy alone without the use of endoscopy. 
In addition to the fl uoroscopic markers on the stent, 
other fl uoroscopic “markers” can be used to mark the 
location of the stricture to assist in placement. Usually 
the proximal and distal margins of the stricture are iden-
tifi ed endoscopically and correlative radiopaque mark-
ers are used. These markers can be external skin markers 
or internal markers such as tissue clips or intramucosal 
injection of a radiopaque contrast agent. Unfortunately, 
external markers may become inaccurate with patient 
rotation (22). 

 Predilation of the stricture may be required up to 
a diameter of 10 to 12 mm to facilitate complete as-
sessment of the stricture length and location. Alterna-
tively, a small caliber endoscope may be used to assess 
the stricture and obviate the need for dilation. It should 
be noted that aggressive stricture dilation increases the 
risk of perforation. The next step is to place a guide-
wire (preferentially a stiff guidewire; i.e., a 0.038 inch 
Savary wire, Cook Endoscopy) across the stricture into 
the stomach or duodenum and withdraw the endoscope. 
The preloaded stent is then advanced over the wire. 
Endoscopic visualization during deployment can be 
achieved by reintroducing the endoscope alongside the 
predeployed stent (Figure 86.4). The stent is deployed as 
previously mentioned.   

 When the stent is placed across the GEJ, the proxi-
mal covered portion should lie at least 2 cm above the 
tumor margin and one must be careful not to place an 
excessive amount of distal stent into the stomach. This 
is to prevent impaction against—and subsequent ulcer-
ation of—the posterior wall of the stomach by the distal 
end (1). After deployment, the placement of the upper 
end of the stent in regard to the upper tumor margin can 
be assessed endoscopically. However, one should avoid 
passing the endoscope through the stent, especially if 
there is resistance at the level of the waist, because of the 
risk of dislodging the stent due to friction with the en-
doscope. Repositioning the stent after deployment from 
distal to proximal is much easier than proximal to distal 
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TABLE 86.2
Complications of Esophageal SEMS

• Immediate

  Aspiration

  Airway compromise 

  Malposition

  Delivery system entrapment

  Stent dislodgement

  Perforation

• Early

  Bleeding

  Chest pain

  Nausea

• Late

  GERD/aspiration

  Re-obstruction

   Tumor 

   Food impaction

  Migration

  Tracheoesophageal fistula

  Bleeding

endoscopic stent insertion. The advantages of radiologic 
stent insertion are the ability to traverse very small stric-
tures that cannot be crossed endoscopically and the abil-
ity to visualize and treat small fi stulae and perforations 
at the time of stenting (24). 

 EFFICACY AND COMPLICATIONS 

 The technical success rate for placement of esophageal 
SEMS is close to 100%. Failure may occur if the lumen 
cannot be traversed with a guidewire. The complications 
of stent placement and methods to avoid and treat them 
are described in detail elsewhere (22). Complications 
may be classifi ed as intraprocedural and postprocedural 
(immediate and delayed) (Table 86.2).   

 Almost all patients experience improvement of dys-
phagia, which can be sustained until a specifi c complica-
tion arises. The dysphagia grade usually improves from 
a mean of 3 (able to eat liquids only) to a mean of 1 (able 
to eat most solid foods), with no difference in effective-
ness between the Ultrafl ex stent, the Wallstent, and the 
Z-stent (12). Some patients with advanced cancer of the 
distal esophagus may fail to experience relief of symp-
toms following technically successful stent placement 

and can be achieved by pulling at the upper rim of the 
stent or at the string attached to the inside of the proxi-
mal fl ange (Ultrafl ex and Alimaxx), causing the radial 
diameter to decrease (2). The Z-stent can be withdrawn 
using a string that is attached to the end of the stent and 
attached to the delivery system. After correct position is 
confi rmed, the string is cut at the end of the procedure 
just before removal of the delivery system. 

 In many centers, SEMS are placed by interventional 
radiologists. Interventional radiologists place esopha-
geal stents with great accuracy and low complication 
rates. The results of radiologic placement are similar to 

 FIGURE 86.4 

 Endoscopic placement of expandable stent. (A) Endoscopic 
view of obstructing mass. (B) Endoscopic view immediately 
after deployment. 
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because of gastroparesis due to neural involvement by 
the tumor, peritoneal carcinomatosis, or other yet un-
identifi ed sites of intestinal obstruction. These patients 
can be managed by enteral tube placement, which may 
include nasoduodenal, percutaneous endoscopic gastros-
tomy (PEG), or percutaneous endoscopic jejunostomy 
tube (PEJ) placement. If PEG or PEJ tube placement is 
required, one should be careful not to dislodge the stent 
as the tube is withdrawn through the stent lumen (22). 

 Procedure-related complications after SEMS place-
ment have remained fairly stable over the years and 
mainly consist of perforation, aspiration pneumonia, 
hemorrhage and severe pain, occurring in approximately 
10% of patients (22). 

 Delayed complications following stent placement 
include bleeding, fi stula formation, GE refl ux, stent mi-
gration, food bolus obstruction and tumor overgrowth 
at either end of the stent, which occur in up to 35% 
to 45% of patients (12,22). Tumor overgrowth can be 
treated with either ablative therapies (i.e., argon plasma 
coagulation) or placement of subsequent stents (so-
called stent-within-stent deployment). Repositioning or 
removal of a migrated metal stent can be achieved using 
a retrieval forceps, an infl ated balloon catheter, or a pol-
ypectomy snare. Alternatively, if the stent has migrated 
completely out of the stricture and into the stomach, it 
may be reasonable to leave it there and place another 
stent for palliation of symptoms (25). The decision to 
retrieve the stent depends on the patient’s performance 
status. If left in place, there is a small risk of distal stent 
migration out of the stomach and into the small bowel 
with resultant obstruction or perforation. If an additional 
stent is placed, one should consider using a different stent 
type and /or larger diameter. In some cases, placement of 
an uncovered stent can be entertained, though there are 
no data on this approach. Finally, although there is no 
proof that endoclip placement on the proximal end of 
the stent prevents migration, it can be used in an attempt 
to secure the position of the stent (22). 

 Another potential cause of recurrent dysphagia is 
the development of hyperplastic infl ammatory tissue, 
over and through the uncovered meshes at the ends of 
partially covered stents (26). This complication occurs 
more frequently in those patients who live longer than 
2 to 4 months (26). 

 Stents Placed across the GEJ 

 SEMS placed across the GEJ provide inferior pallia-
tion and have higher complication rates when com-
pared to stents placed in the mid-esophagus (23,27). 
Specifi c problems include higher stent migration rates 
(since the distal part of the stent projects freely into 
the gastric fundus and does not contribute to anchor-
ing), increased frequency of hemorrhage from erosion 

to the posterior gastric wall, decreased quality of swal-
lowing from stent angulation between the esophagus 
and the cardia, and increased frequency of GE refl ux 
symptoms. 

 The design of the stent may play a role in reducing 
stent migration. The Flamingo Wallstent, which is spe-
cially designed for tumors of the distal esophagus /cardia, 
has a shift in the braiding angle between its proximal 
and distal part, which allows the distal part to stretch in 
response to peristalsis. The Ultrafl ex stent and the Wall-
stent have proximal and distal uncovered segments that 
allow the normal mucosa above and below the tumor 
to project into the stent lumen. The Z-stent is available 
with metal barbs on the outside so as to anchor into the 
tumor. 

 Perhaps the most important way to prevent migra-
tion is the use of stents with a greater proximal fl ange di-
ameter (i.e., 28 mm for the Wallstent II and the Ultrafl ex 
stents and 30 mm for the Flamingo Wallstent) and with 
increased diameter at their mid-portion (i.e., 22 mm for 
the Z-stent). A prospective randomized trial testing cov-
ered versions of the Ultrafl ex stent, the Flamingo, and 
the Z-stent demonstrated that 12 of 13 migrations oc-
curred with small-diameter stents. In contrast, only one 
migration occurred with large-diameter stents placed for 
distal esophagus/cardia tumors. No differences in com-
plications were noted between small and large-diameter 
stents (15). In a large study of 338 patients with dyspha-
gia from obstructing esophageal or gastric cardia cancer 
who were treated with different types of SEMS of either 
small or large diameter, improvement in dysphagia was 
similar between the 2 groups (28). The occurrence of 
major complications, such as hemorrhage, perforation, 
fi stula, and fever, was increased in patients with a large-
diameter Z-stent compared with those treated with a 
small-diameter stent (40% vs. 20%; adjusted hazard 
ratio 5), but not in patients with large-diameter Ultrafl ex 
or Flamingo Wallstent. Dysphagia from stent migration, 
tissue overgrowth, and food bolus obstruction occurred 
more frequently in patients with a small-diameter stent 
than in those with a large-diameter stent. The authors 
concluded that large-diameter stents reduce the risk of 
recurrent dysphagia from stent migration, tissue over-
growth, or food obstruction. Increasing the diameter in 
some stent types may, however, increase the risk of stent-
related local esophageal complications. 

 Many experts advocate the use of proton-pump 
inhibitors (PPIs) for patients in whom the stent crosses 
the lower esophageal sphincter to prevent refl ux symp-
toms. PPIs improve refl ux symptoms, but not the risk 
of aspiration. Recently, stents with an antirefl ux mech-
anism have been developed. In one type of anti-refl ux 
stent, the distal cover is extended beyond the lower 
metal cage so as to form a “windsock-type” valve 
 (Figure 86.2). Several studies have been published using 
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anti-refl ux stents (29–33). A randomized study compar-
ing the anti-refl ux Z-stent (25 patients) with a standard 
open Flamingo Wallstent (25 patients) showed that GE 
refl ux symptoms occurred in 3/25 (12%) patients in the 
anti-refl ux stent group versus 24/25 (96%) patients in 
the open stent group ( P  < 0.001). No differences were 
found in the degree of dysphagia improvement or com-
plications (30). However, similar superior results with 
the placement of anti-refl ux stents were not reproduced 
in a subsequent randomized trial (33). Additionally, in 
a prospective single-arm study of anti-refl ux Z-stent 
placement in 17 consecutive patients, 4 patients (22%) 
experienced permanent refl ux symptoms and an ad-
ditional 9 (50%) continued to take PPIs on a regular 
basis (34). 

 Two studies have reported 24-h pH-monitoring 
after anti-refl ux stent placement (31,32). In a random-
ized study comparing the FerX-Ella stent with and 
without a “windsock-type” anti-refl ux valve, 24-h pH 
monitoring showed increased esophageal acid exposure 
with the anti-refl ux stent, suggesting that the anti-refl ux 
valve failed to prevent GE refl ux (32). A different type of 
anti-refl ux stent with a refl ux valve consisting of 3 leaf-
lets, similar to the tricuspid valve of the heart, has also 
been also introduced. An initial study suggested that this 
stent is effective in preventing GE refl ux (31). 

 More recently, 36 patients were randomized to re-
ceive the Hanarostent with S-shaped anti-refl ux valve, 
the DoStent with tricuspid anti-refl ux valve, or an 
open stent. Twenty-four-hour pH monitoring showed 
that the DeMeester score was signifi cantly lower in the 
group with S-shaped anti-refl ux stent than in the other 
groups. The fraction of the total recording time during 
which esophageal pH was below 4 was approximately 
3% when using the S-shaped anti-refl ux stent compared 
to 29% in the Dostent group and 15% in the standard 
open stent group ( P  < 0.001) (35). Further research is 
needed to establish the optimal design of an anti-refl ux 
valve attached to the stent. Moreover, additional studies 
are needed to assess the effi cacy of the anti-refl ux stents, 
particularly in comparison to an open stent in conjunc-
tion with PPI use. 

 In summary, the currently available evidence sug-
gests that it is probably best to deploy the largest avail-
able stent diameter of the individual manufacturer when 
placing stents across the GEJ in order to reduce the risk 
of stent migration. However, further studies are needed to 
establish the balance between the advantage of preventing 
stent migration and the potential increased risk of compli-
cations associated with the use of large-diameter stents. 
Placement of a stent with an anti-refl ux valve may prevent 
GE refl ux in patients in whom the stent extends across the 
GEJ. PPI therapy should be given indefi nitely in patients in 
whom anti-refl ux stents do not control symptoms and to 
those patients without anti-refl ux stents. 

 ROLE OF CHEMOTHERAPY, RADIATION, 
AND STENT PLACEMENT FOR PALLIATION 

OF MALIGNANT DYSPHAGIA 

 The safety of placing SEMS in patients with incurable 
cancer of the esophagus after previous administra-
tion of radiation and /or chemotherapy is controversial 
(36–38). A large study with 200 prospectively followed 
patients concluded that the incidence of complications 
and the outcome after metal stent placement were not 
affected by prior radiation and/or chemotherapy. Only 
retrosternal pain occurred more frequently in patients 
who had undergone prior treatment (39). However, in 
a retrospective study of 116 patients, prior chemoradio-
therapy was the only independent predictive factor of 
postprocedure major complications with an odds ratio 
of 5.6 (40). 

 In contrast, very little has been written about the 
effect of concomitant radiation and stent placement for 
palliation of dysphagia. In one study, patients receiving 
concurrent radiation and chemotherapy (n = 12) had 
prolonged survival (median 318 days after diagnosis, 
225 days after stent) compared with patients of equal 
tumor staging, but without additional therapy (n = 17; 
median 157 days after diagnosis,  P  < 0.001; 138 days 
after stent,  P  < 0.05) (41). This has not been confi rmed 
in prospective studies. 

 Patients with incurable esophageal cancer due to 
metastasis, but who are in relatively good general condi-
tion, are increasingly considered candidates for pallia-
tive chemotherapy. A disadvantage of stent placement 
and concomitant chemotherapy is the potential risk of 
stent migration into the stomach if the tumor responds 
to chemotherapy. 

 Unfortunately, despite the initial improvement in 
dysphagia following SEMS placement, recurrent dys-
phagia occurs in almost one-third of patients and re-
quires repeat intervention (11). Therefore, some groups 
have proposed alternative methods of palliation using 
single-dose brachytherapy. A randomized trial compar-
ing single-dose brachytherapy vs. metal stent placement 
for palliation of dysphagia in 209 patients with inoper-
able esophageal cancer showed that dysphagia improved 
more rapidly after stent placement, but long-term relief 
of dysphagia was better in the brachytherapy group 
(42). Complications occurred less frequently after single 
brachytherapy. There was no difference in median sur-
vival; however, patients assigned to brachytherapy had 
more days with almost no dysphagia during follow-up 
than those assigned to stent placement (115 days vs. 
82 days,  P  = 0.015). 

 Subsequently, a prognostic model for identifi cation 
of patients with esophageal cancer in whom stent place-
ment would be preferable to brachytherapy was devel-
oped based upon predicted survival (43). For the poor 
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prognosis group, the difference in dysphagia-adjusted sur-
vival was 23 days in favor of stent placement compared 
with brachytherapy (77 vs. 54 days,  P  = 0.16). For the 
other prognostic groups (intermediate or relatively good 
prognosis), brachytherapy resulted in a better  dysphagia-
adjusted survival. 

 PALLIATION OF DYSPHAGIA 
FROM EXTRINSIC COMPRESSION 

 Most outcome data following stent placement come 
from palliation of intrinsic lesions as a result of esopha-
geal cancer. In one study, of 46 patients effi cacy of palli-
ation of dysphagia after SEMS placement was compared 
in 22 patients who had intrinsic and 24 patients with 
extrinsic malignant stenoses (44). Almost all of the pa-
tients in the extrinsic group received Wallstents. Signifi -
cant improvement in dysphagia was seen in both groups, 
but the improvement was signifi cantly greater in the in-
trinsic group than the extrinsic group ( P  = 0.01). The 
reason for this is probably multifactorial, but one likely 
factor is the greater force required to overcome extrinsic 
compression. 

 PALLIATION OF DYSPHAGIA FROM HIGH 
CERVICAL STRICTURES 

 Almost all prospective studies of expandable stents ex-
clude patients with cervical strictures. Frequently, a dis-
tance of 2 cm below the upper esophageal sphincter is 
mentioned as being needed before one should consider 
placing a stent. This is not based upon scientifi c data, 
however, and there are several retrospective series that 
have been published showing that it is feasible to place 
stents very proximally in the esophagus and still achieve 
effective palliation (45,46). In the senior authors’ expe-
rience, the outcome following stent placement in this 
group of patients is less predictable in terms of relief of 
dysphagia and development of foreign body sensation. It 
is recommended that because of the size of the esopha-
geal lumen in the proximal esophagus, smaller diameter 
stents and those with a shorter length proximal fl ange 
(if available) should be used when placing stents in this 
area so as to potentially minimize foreign body sensa-
tion (47). 

 SELF-EXPANDABLE PLASTIC STENTS 

 The Polyfl ex stent (initially developed by Rüsch AG, 
Kernen, Germany, and distributed by Boston Scientifi c 
Corporation, now owned by Boston Scientifi c) was de-
veloped in order to overcome overgrowth and ingrowth 

of non-tumoral, infl ammatory tissue when placed for 
malignant disease. The Polyfl ex stent can easily be re-
moved, since no embedding occurs. 

 The Polyfl ex stent, the only available non-metallic 
expandable stent, is composed of polyester mesh embed-
ded in silicone and is completely covered (Figure 86.5). 
The stent fl ares to 25 mm at the proximal end for the 
largest diameter. The expanded mid-body diameter 
ranges from between 16 and 21 mm. The stent needs 
to be loaded onto the delivery device before stent place-
ment, which takes approximately 5 to 10 minutes. In 
addition, the diameter of the relatively infl exible delivery 
device is between 12 to 14 mm, which is larger than that 
of the most commonly used SEMS (12).   

 The Polyfl ex stent has been shown to be safe and 
effective for the palliation of malignant dysphagia. In 
one study Polyfl ex stents were placed in 33 patients with 
malignant dysphagia; no tissue hyperplasia was observed 
after a mean follow-up of 150 days. Stent occlusion was 
caused by tumor overgrowth in 10% of patients. The 

 FIGURE 86.5 

 Polylfex esophageal stent (Boston Scientific). 
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migration rate was 6% (48). In another study of 16 pa-
tients, one episode of tumor overgrowth was reported; 
however, stent migration in this study occurred in 25% 
(49). In one study of 66 patients in whom the Polyfl ex 
stent was placed for palliation of malignant dysphagia, 
migration was seen in only 4.5% (50). No tumor in-
growth occurred. However, a landmark randomized trial 
of 101 patients in which the Polyfl ex stent was compared 
to the Ultrafl ex stent for the palliation of malignant dys-
phagia showed similar effi cacy but a signifi cantly higher 
migration rate in the Polyfl ex group (51). 

 TREATMENT OF MALIGNANT 
ESOPHAGEAL FISTULA 

 Progressive esophageal carcinoma can infi ltrate into 
surrounding tissue with subsequent development of a 
fi stula, most commonly between the esophagus and the 
respiratory tract (i.e., the trachea or bronchi). Primary 
lung cancer and some other mediastinal malignancies 
may produce tracheoesophageal fi stulae as well (52). In 
addition, fi stulae may develop as a result of radiation 
therapy. Finally, pressure necrosis caused by the proxi-
mal edge of a previously placed metal stent can also re-
sult in the development of a fi stula. Treatment of fi stulae 
should be immediate, as fi stula formation is a potential 
life-threatening complication; in the case of a tracheo-
esophageal fi stula, it may result in serious pulmonary 
infections from aspiration pneumonia. 

 Palliative surgery is associated with a mortality rate 
of up to 50% (12). Therefore, endoscopic placement of 
a covered stent is considered the palliative treatment of 
choice (Figure 86.6). Several retrospective and prospec-
tive series have been published reporting the outcome of 
endoscopic placement of a covered stent for this indica-
tion (53–59). In the majority of these publications, com-
plete sealing of the fi stula was established in more than 
90% of patients. The complication rate varied between 
10% and 30%.   

 In some patients with esophageal cancers that in-
fi ltrate into the trachea, dysphagia and dyspnea may 
develop simultaneously. Moreover, in some cases place-
ment of a stent in the esophagus to seal a fi stula can 
result in obstruction of the trachea and result in acute 
dyspnea. In these circumstances the placement of a stent 
into the trachea and /or bronchi in conjunction with or 
after esophageal stent placement can be performed (par-
allel stent placement). Stents placed in the trachea are 
usually uncovered and embed themselves in the mucosa 
of the respiratory tract (60). Complications occur more 
commonly with parallel stent placement. Fatal compli-
cations have been described, such as perforation and 
bleeding caused by tissue necrosis due to the high radial 
force exerted by both stents (61). 

 FIGURE 86.6 

 Endoscopic placement of covered stent for treatment of 
malignant tracheoesophageal fistula (TEF). (A) Endoscopic 
view of large TEF. (B) Endoscopic view immediately after 
 deployment of covered stent. 

 CONCLUSION 

 The currently available endoscopic treatment modali-
ties for the palliation of malignant dysphagia outside 
of self-expandable stent placement are, as yet, not opti-
mal for achieving rapid and sustained dysphagia relief 
with minimal morbidity and mortality. Self-expanding 
stents are effective in improving dysphagia; however, 
the number of re-interventions needed for management 
of recurrent dysphagia remains higher than initially 
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 anticipated. The introduction of newer generation 
stents may reduce stent migration and non-tumoral tis-
sue overgrowth and result in a decrease in the need for 
re-intervention. 

 Future developments in stent design include biode-
gradable stents, stents with a radioactive coating, and 
drug-eluting stents. Biodegradable stents have been de-
veloped for benign stenoses (62,63), but a possible ap-
plication could also be the treatment of dysphagia in 
patients undergoing palliative chemotherapy. The in-

corporation of β-emitting agents and cytotoxic agents 
in esophageal stents may increase their effi cacy, partic-
ularly in the prevention of tumor overgrowth at both 
ends of the stent. In healthy dogs, placement of radioac-
tive stents caused fi brosis with radiation damage to the 
esophageal wall. However, serious complications such 
as perforation or fi stula formation were not observed 
(64). The safety and effi cacy of radioactive and drug-
eluting stents in malignant esophageal strictures need to 
be further evaluated in clinical trials. 
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he advent of thermal therapy for 
malignant dysphagia emerged in 
the early 1980s when Fleischer 
and Kessler reported the success-
ful use of a neodymium: yttrium-

aluminum-garnet (Nd:YAG) laser system to debulk 
obstructing esophageal tumors, resulting in the com-
plete palliation of 5 patients with non-operable ma-
lignant dysphagia (1). Up to that point, therapeutic 
modalities for palliation of dysphagia were limited. 
The historic procedure of choice for palliation was 
surgery, which carried signifi cant procedure-related 
morbidity and mortality, and subsequent detrimental 
effects on quality of life. Prosthetic tube intubation 
for palliation was theoretically safe and effi cacious. 
In fact, intubation was often successful in providing 
some improvement in malignant dysphagia; however, 
despite the benefi t of providing palliation with a single 
procedure, there were a number of drawbacks asso-
ciated with this modality. Morbidity rates as high as 
25% were reported with complications such as perfo-
ration, hemorrhage, ulcers, and severe chest pain. In 
addition, recurrent dysphagia was reported frequently 
due to tumor over- and undergrowth. Prosthetic stents 
cannot be used for patients with lesions in the cervi-
cal esophagus due to bolus sensation and subsequent 
inability of patients to tolerate. Finally, patients were 
rarely able to tolerate a completely normal diet, and 

diets were often limited to soft foods and thick liq-
uids. Dilation therapy had been a known modality for 
decades and provided safe and near immediate dys-
phagia relief. However, dilation often lasted no more 
than several days to weeks and required multiple re-
peated procedures, which had a negative impact on 
quality of life. 

 External beam radiation demonstrated some prom-
ise in providing adequate tumor regression to provide 
relief of dysphagia in a low morbidity and mortal-
ity setting. However, radiation therapy did carry some 
morbidity, which was usually delayed and related to 
radiation-induced fi brotic stenosis, fi stulas, or severe 
esophagitis. In addition, radiation therapy–induced im-
provement occurred over a longer period of time, which 
was a signifi cant issue in patients with a limited lifespan. 
Brachytherapy could be provided in a setting to allow 
for less radiation and more rapid relief time. How-
ever, few studies have adequately explored the utility 
of brachytherapy alone, as other modalities that show 
greater promise have arisen. 

 Since that fi rst report by Fleischer, a number of 
studies have explored the use of the Nd:YAG laser sys-
tem. Laser therapy has been evaluated for safety, ef-
fi cacy, survival, cost-effectiveness, and quality of life 
benefi ts. Laser therapy has been compared to a number 
of other therapeutic modalities, both as separate pro-
cedures and in combination. Numerous reports have 

 T
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demonstrated safety, effi cacy, and a positive impact on 
patient quality of life. Despite the proven benefi ts of 
laser therapy, there has been a trend back to prosthetic 
devices, as self-expandible metal stents have been devel-
oped and improved to allow for a perceived single-step 
palliation protocol. However, the innovation of thermal 
therapy has also continued, with the replacement of the 
Nd:YAG laser system by argon plasma beam coagu-
lation. This simple, easier, and less expensive thermal 
modality continues to have a role in palliation of le-
sions not amenable to stent therapies, such as treatment 
of tumor undergrowth, ingrowth, or overgrowth after 
stenting (2–5). 

 FUNDAMENTALS OF ND:YAG LASER 

 Nd:YAG laser therapy is indicated for the palliation 
of dysphagia induced by malignancies anywhere from 
the cervical esophagus to the gastric cardia. The lesions 
that have been treated have refl ected the evolution of 
esophageal cancer; initially, lesions treated were pri-
marily squamous cell but in time have shifted to adeno-
carcinoma. The lesions range from exophytic, mucosal 
lesions to submucosal lesions or non-esophageal lesions 
that are causing external compression. Patients undergo-
ing treatment are deemed non-operable for a number of 
reasons ranging from distal metastatic disease to poor 
medical condition. 

 Nd:YAG works by emission of an invisible light 
beam (wavelength 1064 nm) delivered via a quartz fi ber 
housed within a Tefl on sheath and passed through the 
working channel of a standard or therapeutic endo-
scope. The laser is directed by a separate Xenon aiming 
light. A separate stream of nitrogen or carbon dioxide 
gas is passed down a coaxial sheath to keep the laser 
fi ber free of debris and blood, as well as keeping the 
fi ber cool during the treatment process. The laser is ab-
sorbed by tissue and results in molecular agitation and 
heating, which results in a degree of tissue injury that 
is dependent on the amount of light absorbed (6). The 
typical treatment involves an 80 to 100 watt applica-
tion of 0.5 to 1 second pulse on a focused spot of ma-
lignant tissue from a distance of 5 to 10 mm from the 
lesion. However, several reports have demonstrated the 
use of a lower energy level, with only 40 to 50 watt. 
These studies have demonstrated similar effi cacy, with 
the same to lower major complications (7–8). The short 
duration pulse, which is induced by a foot pedal, allows 
for a controlled amount of energy delivery. This limits 
the risk of overtreatment and subsequent perforation or 
fi stula formation. The tissue appearance is refl ective of 
the tissue response to treatment (9–10). White tissue, 
which occurs at temperatures of 60 o C, is demonstra-
tive of protein denaturation and coagulation, the goal 

of fl at infi ltrating lesions (6,9). As temperatures reach 
100 o C, tissue boils and vaporization begins, resulting in 
the appearance of a “divot” (6,9). Black tissue, which 
occurs as temperatures exceed 100 o C, is demonstrative 
of carbonization and vaporization, the goal of bulky, 
exophytic lesions (6,9). The typical depth of penetration 
has been reported to be 3 to 6 mm. The goal is 2-fold: 
fi rst, to effect necrosis and sloughing of obstructing 
tumor tissue and second, to cause fi brosis, which limits 
tumor regrowth at that particular focus. 

 Initially, treatments began at the proximal end of 
the tumor and proceeded distally. However, because 
treatment results in bleeding and edema, visualization 
was impaired and it can become diffi cult to follow the 
lumen. As a result, most reports after 1985 describe a 
distal to proximal treatment progression. This ensures 
that the lumen is kept in view and reduced the perfo-
ration rate. In some cases, this treatment technique re-
quired dilation before the endoscope could be passed 
into the stomach. 

 The primary goal of initial therapy was to attain an 
adequate degree of luminal patency, to allow easy pas-
sage of either a standard or therapeutic upper endoscope. 
This theoretically correlates with dysphagia improve-
ment. Treatment protocols typically scheduled treatment 
every other to every fourth day, until the desired goal is 
achieved. Most reports found it required 2 to 4 treatment 
sessions to achieve the desired goal. However, using a 
retrograde approach, Pietrafi tta and Mitty have reported 
achievement of luminal patency in 1.6 and 1 session, re-
spectively (11–12). Follow-up protocols involved either 
a scheduled or on-demand re-treatment (10). This is due 
to the frequency of tumor recurrence and fi brotic occlu-
sion, both of which are easiest treated in their earliest 
stages (10). 

 The initial reports of Nd:YAG treatment involved 
an inpatient stay with every other day treatment proto-
cols until dysphagia improved. However, given the short 
life expectancy of patients with advanced esophageal 
cancer, cost and quality of life issues lead to a trend to-
ward shortened hospital stays and outpatient therapy. In 
fact, Lightdale and colleagues demonstrated that outpa-
tient treatment protocols had a signifi cant cost benefi t 
with no difference in effi cacy or complication rate (13). 

 LASER THERAPY EFFICACY AND SAFETY 

 Over the 10 years in which Nd:YAG laser therapy be-
came the dominant treatment choice for palliation of 
malignant dysphagia, a number of studies examined 
the effi cacy and safety of the procedure. Effi cacy can 
be assessed in terms of luminal patency achieved or by 
functional success (i.e., the degree of dysphagia relief). 
Success in achieving luminal patency has been reported 
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to be greater than 90% (14–16). From a functional 
standpoint, studies typically used a dysphagia scale from 
0 to 4 (0: no dysphagia; 4: unable to tolerate any oral 
intake). Most studies reported dysphagia improvement 
rates ranging from 70% to 100% (8–10,13–14,16–19). 
However, complete resolution of dysphagia was rare 
and if achieved, was short lasting (9,13,17,19). Few 
studies reported on global physiologic effects of tumor 
debulking, but one study, while failing to demonstrate 
improvement in patient weight or albumin, did iden-
tify a notable reduction in the decline of both factors 
(9,20). The initial dysphagia relief interval was gener-
ally found to last for about 4 weeks (15–17). In fact, 
some protocols called for scheduled re-evaluation every 
4 weeks (9–10). Most studies demonstrated that re-
treated lesions required only 1 to 2 treatment sessions 
to maximize effect, as opposed to the 2 to 4 sessions 
required with initial treatment (9,15). Average survival 
times after initial treatment were generally reported to 
be 4 to 6 months (9,17,19). One important point from 
a quality of life perspective was that the Nd:YAG laser 
regimen was noted in multiple studies to result in some 
degree of dysphagia relief at death. Krasner and Bourke 
reported at least partial relief of dysphagia in 85% and 
73% of patients at death, respectively (9,17). Another 
long-term study by Naveau was less optimistic, report-
ing only 39% improvement maintained at 3 months and 
22% improvement maintained at 6 months (14). Rut-
geerts noted that 63% of patients were able to maintain 
some degree of dysphagia relief until death (16). 

 The numerous studies on use of the Nd:YAG laser 
therapy have consistently demonstrated a high degree of 
safety. The quality control measures of short pulses of 
controlled energy to the malignant tissues from a speci-
fi ed distance are effective in limiting the depth and ex-
tent of thermal injury. However, as with any thermal 
therapy, there are reported major complications, and for 
Nd:YAG laser treatment, these consisted of hemorrhage, 
perforation, tracheoesophageal fi stula, aspiration, and 
stenosis. Rutgeerts also reported a fairly substantial rate 
of sepsis after laser treatment. But this was not the ex-
perience of most endoscopists during Nd:YAG therapy 
(16). A review of the early documented studies fi nd 
the complication rate tended to vary from 1% to 20% 
(8–10,14,16–19). However, the complication rates may 
be somewhat skewed, since some patients underwent 
other therapeutic modalities in addition to laser therapy. 
In one study in which 7 perforations were reported in 
76 patients, only 2 perforations were in patients treated 
with laser therapy only. Two others underwent dilation 
performed prior to therapy and 3 others had plastic 
esophageal stents placed post laser therapy (9). 

 During laser therapy, there can also be adverse ef-
fects of the carbon dioxide being insuffl ated through a 
coaxial channel. High CO 2  fl ow rates combined with the 

technique of distal to proximal treatment of the tumor 
traps the CO 2  in the downstream gut. One can quickly 
distend the gut and overwhelm the absorption rate of 
CO 2  if the endoscopist is not constantly cognizant to as-
pirate air and smoke via the endoscope. Overdistension 
of the gut can trigger a vasovagal response, and cecal 
perforation has been reported. Bown and colleagues 
suggested the utility of nasogastric tube during the pro-
cedure for continuous decompression (10). Another 
potential problem is the presence of free air in the perito-
neum or mediastinum from dissection of air through the 
tumor tissue (3,15). This was postulated in two studies 
in which a pneumomediastinum or pneumoperitoneum 
was present post-procedure and the work-up revealed 
no clear source of perforation. 

 The procedure-related mortality rate is diffi cult to 
truly assess. Most studies tend to report mortality rates 
in the range of 0% to 5% (8–10,18,20). However, one 
has to take into account the wide variability in the gen-
eral medical condition of patients from study to study. 
Most patients undergoing Nd:YAG laser palliation were 
very advanced in their disease process with limited re-
serve to withstand a major complication. In addition, 
these mortality rates are similar to those of other thera-
peutic and palliative modalities (21). 

 FACTORS EFFECTING ND:YAG SUCCESS 

 Patient and tumor characteristics have played a signifi -
cant role in determining the success of Nd:YAG laser 
therapy. Tumor factors amenable to Nd:YAG laser 
therapy were clarifi ed by David Fleischer: (a) tumor 
length less than 5 centimeters, (b) tumor location in the 
straightest portion of the middle third of the esophagus, 
and (c) exophytic mucosal tumors (22). In another study, 
Fleischer expanded on these characteristics to note that 
cervical esophageal lesions are least conducive to success-
ful therapy, and lesions in the gastroesophageal junction 
are near equally diffi cult to achieve successful relief of 
dysphagia due to the angulation (3). In the same study, it 
was noted that recurrent cancers at an anastomotic site 
are very amenable to laser treatment (3). Submucosal 
spread presents a unique challenge due to the inability to 
delineate clear margins and the need to simultaneously 
treat normal tissue to reach malignant tissue (10). Not 
only are submucosal lesions more diffi cult to treat, but 
they also resulted in more frequent post-procedure chest 
pain, and theoretically are at higher risk for adverse out-
comes such as perforation, fi stula, and stricture (3). 

 Other groups have demonstrated similar fi ndings 
with only slight variations. Lightdale and colleagues 
recognized the least success with (a) cervical esopha-
geal lesions, (b) tumor length greater than 8 centime-
ters, and (c) infi ltrating or extraluminal tumors (13). 
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While Mellow and Pinkas were in general agreement 
with Fleischer and Lightdale regarding the diffi culty in 
treating cervical esophageal lesions, they found that the 
most important predictive factors were more functional 
than anatomic (15). They demonstrated that the most 
important factors effecting success included anorexia, 
pharyngeal dysphagia, and pretreatment performance 
status with performance status being the most impor-
tant (15). This appraisal was echoed by Alexander et al. 
(23). Naveau added that benefi ts after the initial treat-
ment session may also be a positive predictive factor of 
future treatment success (14). 

 The interaction between tumor histology and laser 
sensitivity has been debated. Naveau and colleagues, 
examining long-term outcomes after laser therapy, 
compared adenocarcinoma and squamous cell carci-
noma. They found no signifi cant difference in outcome 
after 3 months. However, after 6 months, adenocarci-
noma was associated with less benefi t than squamous 
cell carcinoma (14). Bourke and colleagues examined 
this same issue and found no difference in long-term 
effects of laser therapy (17). Other studies examining 
both short- and long-term effects have also failed to 
demonstrate histology as a predictive factor in laser 
success. 

 COMBINATION THERAPY 

 The combination of laser and radiotherapy was fi rst 
reported by Bader and colleagues when administering 
several brachytherapy sessions, following laser recanali-
zation with promising results (24). However, subsequent 
studies, despite demonstrating relative safety, have failed 
to demonstrate a clear benefi t to combination therapy 
(25–28). Sander and colleagues, using iridium afterload-
ing combined with laser versus laser alone, noted a pro-
longed dysphagia-free fi rst interval with combination 
therapy in the squamous cell group but not the adeno-
carcinoma group (26). Again, there was no survival ben-
efi t, and despite longer dysphagia-free intervals, more 
procedures were required for the patients undergoing 
combined therapy. 

 Using combination external beam radiation and 
laser therapy, Sargeant demonstrated a signifi cant im-
provement in initial dysphagia control and between 
procedure intervals of 5 vs. 9 weeks compared to laser 
alone (27). However, there was no survival benefi t, 
and this improvement translated to one saved proce-
dure over the short lifespan of the study patients. In a 
small study of 19 patients with laser therapy and one-
time brachytherapy, there was a small prolongation of 
time to next laser treatment (28). However, this study 
was uncontrolled and compared to results of historic 
controls. 

 Combination of laser therapy and chemotherapy 
has been much more limited but appears to show some 
promise. Highley, comparing patients treated with 
laser therapy alone or laser therapy as an adjunct to 
5-fl ourouracil, cisplatin, and epirubicin, demonstrated 
not only that fewer laser treatments were needed to 
maintain improvement in dysphagia scores, but there 
was also a signifi cant survival benefi t of 9.7 vs. 5.5 
weeks (29). Although the study was small, it does sug-
gest the potential for further studies evaluating com-
bined chemotherapy/laser therapy palliative protocols. 

 LASER THERAPY VERSUS OTHER 
PALLIATIVE MODALITIES 

 Metal Wall Stents 

 Since laser therapy was shown to palliate dysphagia as 
well or better than plastic stents but with a slightly bet-
ter complication profi le, it rapidly became the modality 
of choice for palliation of malignant dysphagia (30–32). 
However, with the advent of expandable metal stents, 
they quickly replaced plastic stents for the treatment of 
malignant dysphagia (33–35). This resulted in the re-
surgence of the use of stents to palliate dysphagia, and 
despite their high cost, due to the ease of placement, al-
most immediate relief of dysphagia, and need for only 
one procedure, SEMS have become the primary modal-
ity used for palliation of malignant dysphagia. 

 A number of groups have compared SEMS to laser 
therapy on a variety of factors, including effi cacy, safety, 
cost-effectiveness, survival, and quality of life benefi ts 
(37–40). Adam and colleagues reported a signifi cantly 
better early improvement in dysphagia scores with the 
SEMS group compared to laser therapy group (36). 
However, other groups using similar dysphagia scoring 
systems failed to identify a similar benefi t and have seen 
no signifi cant difference between the two modalities 
(37–40). Dallal and Xinopoulos have both documented 
that there are increased cost associated with laser ther-
apy (37,40). However, Xinopoulos noted that this ben-
efi t was slight and Sihvo documented no cost-effective 
benefi t (39). One possible reason could be the high mor-
bidity associated with stent placement that was reported 
by several groups (37–39). Chest pain and stent migra-
tion were the 2 most common complications. Because 
of the additional cost associated with treatment of pain 
and stent migration, the initial cost-benefi t of SEMS is 
quickly ameliorated. Another cost-effective drawback 
would be the need for additional procedures to address 
tumor growth into or around the stent, including repeat 
stent or laser therapy. 

 Recent studies have failed to demonstrate a consis-
tent quality of life benefi t of SEMS over laser therapy. 
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While Xinopoulos demonstrated only a mild benefi t in 
quality of life, Dallal demonstrated a signifi cantly worse 
health-related quality of life assessed at 1 month post 
treatment with SEMS (37,40). In addition to the role 
that procedural morbidity can play in quality of life, it 
has also been suggested that increased patient interac-
tion with the medical team associated with the more 
frequent laser therapy sessions may have a benefi cial 
psychologic effect on the patient and may improve their 
sense of overall quality of life (39). 

 Finally, while Dallal has demonstrated a signifi cant 
survival benefi t of laser therapy over SEMS placement, 
no other comparison study has demonstrated a signifi -
cant difference in survival time between the 2 modali-
ties (37–40). However, with the continued innovation 
of stents along with the increasing experience of clini-
cians placing these devices, the complications are likely 
to decrease and the cost-effective benefi t will likely con-
tinue to improve. In fact, the most recent comparison 
by Xinopolous and colleagues in 2004 did show both a 
slight cost-effective and quality of life benefi t of SEMS 
over laser therapy (40). 

 Despite the slight differences between the 2 mo-
dalities, it is clear that both are effi cacious in providing 
some degree of dysphagia relief. While the present-day 
modality of choice appears to be SEMS placement, there 
 are  clinical situations that may support the use of one 
modality over the other. SEMS is clearly the modality 
of choice for lesions associated with tracheoesophageal 
fi stula and when dysphagia is caused by external com-
pression. In addition, SEMS have a clear advantage in 
lesions greater than 6 cm in length, tumors with a tor-
tuous lumen, and tumors that are predominantly sub-
mucosal. For gastroesophageal junction (GEJ) lesions, 
both procedures have potential advantages and disad-
vantages. Though they are easy to place, SEMS bridging 
the GEJ have a greater tendency to migrate and results 
in a greater degree of acid refl ux and GERD-related 
complications. Therefore, some clinicians may prefer to 
treat GEJ lesions with laser therapy. However, this loca-
tion presents challenges for the Nd:YAG laser due to 
the diffi cult angulation of the lumen and lesion. Finally, 
lesions in the cervical esophagus are diffi cult to address 
with both modalities. The foreign body sensation and 
discomfort associated with stent placement is very prob-
lematic. Alternatively, laser treatment is technically dif-
fi cult and associated with less therapeutic benefi t. The 
improvement in chemotherapy alone or in combination 
with external beam radiotherapy has resulted in most 
cervical tumors being treated by the oncologist and 
 radiation therapist. 

 Finally, the complementary benefi ts of the 2 modali-
ties cannot be overlooked. One of the most signifi cant 
drawbacks to SEMS is tumor in-, over-, or undergrowth. 
While covered stents prevent ingrowth, tumor overgrowth 

and undergrowth continues to be a problem. The use of 
laser therapy for treatment of this over- or undergrowth 
has been reported to be both safe and effi cacious (3–4). 
Alternatively, in patients with unsuccessful laser therapy, 
development of a tracheoesophageal fi stula, or a laser 
treatment resulting in a perforation, placement of a cov-
ered stent can provide a useful adjunct for palliation and 
treatment. 

 Photodynamic Therapy 

 The past 2 decades have witnessed the emergence of 
photodynamic therapy (PDT). By using light-sensitizing, 
chemotherapeutic agents, tumors can theoretically be ab-
lated by direct exposure to light. This modality has been 
used extensively for the treatment and palliation of a 
wide range of precancerous and cancerous processes from 
bladder transitional cell carcinoma to Barrett’s esophagus 
with high-grade dysplasia. PDT has also been used with 
some success in the palliation of malignant dysphagia and 
is described further in Chapter 85. 

 When compared to thermal therapies, PDT has a 
number of advantages and disadvantages. With PDT 
there is no smoke production and no gaseous distention, 
and it is technically very simple. Disadvantages include a 
waiting period between administrations of light sensitiz-
ing agent (approximately 1–2 days with dihematoporphy-
rin ethers), shallow depth of penetration, high expense, 
stricture formation, and fi nally, the lifestyle modifi ca-
tions that are required to prevent sunburn (avoidance of 
sun exposure for approximately 1 month). 

 Studies by Lightdale, using porfi mer sodium, and 
Heier, using dihematoporphyrin ethers, have compared 
PDT and laser therapy (41,42). Both studies demon-
strated a similar initial improvement in dysphagia, 
with a similar number of initial treatment session re-
quired to achieve this benefi t. However, PDT appeared 
superior to laser therapy after 1 month. Lightdale dem-
onstrated that after 1 month, 32% of PDT patients 
maintained some degree of tumor response versus only 
20% in the laser group (41). Heier demonstrated that 
1 month after initial treatment, the PDT group had 
a statistically higher Karnovsky scores than the laser 
group, along with trends toward better dysphagia 
grade and dietary response (42). In addition, Heier 
demonstrated a longer duration of initial response in 
the PDT group (84 days vs. 57 days) (42). The exact 
reason for this difference is not quite clear. Explana-
tions include a possible immunological response to 
PDT therapy (41). 

 Both procedures had an acceptable safety pro-
fi le. The PDT group in both studies reported sunburn 
(41–42). Heier reported a tracheoesophageal fi stula 
and 2 strictures in the PDT group (42). There were 
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no complications in the laser group. However, Light-
dale found a signifi cantly higher complication rate in 
the laser group, with perforations noted in 1% in the 
PDT group vs. 7% in the laser group (41). In addition, 
Lightdale noted a signifi cantly higher rate of procedure 
termination due to adverse effects in the laser group 
than the PDT group (42). 

 Overall these fi ndings demonstrate that while ini-
tial benefi ts are similar, PDT might be a more effi cacious 
long-term modality. PDT may have an even greater ben-
efi t in tumors more diffi cult to treat with laser therapy. 
These include long lesions (greater than 6 cm) and tu-
mors in the most distal and proximal aspects of the 
esophagus. Safety comparisons are not consistent and 
further studies would need to be performed to clearly 
demonstrate the superiority of either modality. 

 INTRATUMORAL CHEMOTHERAPEUTIC 
INJECTION 

 Comparisons between laser therapy and direct chemo-
therapeutic injection into an obstructing lesion have 
failed to demonstrate a consistent superiority of one 
modality over the other (43–44). In a study by Caraz-
zone, 47 patients were randomized to laser therapy or 
intratumoral injection of ethanol (44). Both groups were 
found to have similar initial dysphagia improvement, 
as well as similar initial dysphagia-free times. Pain was 
reported in 18 ethanol-treated patients and only 1 in 
the laser group. One perforation occurred in the etha-
nol group; no major complications occurred in the laser 
group. In another study by Angelini, 34 patients were 
randomized to either laser therapy or intratumoral in-
jection of polidocanol (43). There was a similar initial 
improvement in dysphagia, and no signifi cant differ-
ence was reported in initial dysphagia-free time. One 
perforation occurred in the polidocanol group and no 
major complications were reported in the laser group. 
Overall, these studies demonstrate a fairly similar effi -
cacy profi le. While they both seem to be similar in terms 
of major complication rate, the increased incidence of 
chest pain in patients receiving intratumoral ethanol in-
jections may have effects on quality of life, making this 
a potentially suboptimal modality compared to laser 
therapy. 

 ALTERNATIVE THERMAL MODALITIES 

 Argon plasma beam coagulation (APC) had been an 
established modality in the operating room theater for 
years, before its introduction to the fi eld of endoscopy. 
By ionizing a rapid fl ow of argon gas, a monopolar elec-
trical current is created and a focus of thermal energy 

is delivered to a specifi c point. The use of APC offers 
a number of technical advantages over Nd:YAG laser 
therapy. It is a smaller system, and it is cheaper and 
easier to use. The complex and cumbersome safety fea-
tures associated with laser use do not apply to APC. 
Tissue temperatures are much lower with APC therapy 
than laser, resulting in less tissue vaporization and more 
coagulation, a theoretic advantage in terms of tissue in-
jury (45). In addition, depth of thermal injury from APC 
has been demonstrated to be 1 to 3 mm, compared to a 
depth of 3 to 6 mm, associated with laser therapy (45–
46). In a study of 42 post-resection esophageal speci-
mens treated with varying degrees of APC energy, only 
one was noted to have thermal injury of the muscularis 
propria (46). This slightly more shallow depth in addi-
tion to the lower focal treatment temperatures would 
provide a theoretical advantage over laser therapy, in 
terms of risk factors for perforation, fi stula formation, 
and pain. 

 Several studies have been reported examining 
the use of APC for malignant dysphagia palliation 
(2,4,5,45–48). When using YAG laser reports as historic 
controls, APC appears comparable to laser therapy in 
terms of overall relief of dysphagia, complications, treat-
ment- related mortality, and survival time. In the largest 
study to date, Heindorff and colleagues reported the use 
of APC in the palliation of 83 patients with esophageal 
or gastric cardia cancers. Complete improvement of dys-
phagia allowing for a normal diet occurred in 58% of 
patients after only 1 treatment. Another 26% were able 
to tolerate a normal diet after more than 1 treatment. 
Although 16% of patients were never able to tolerate 
a normal diet, all patients in this group noted some im-
provement in dysphagia. Complications, the majority 
of which were perforations, were reported in 10% of 
patients. A 1% treatment-related mortality rate was re-
ported. The exact initial dysphagia free time was  diffi cult 
to assess since patients were followed up every 4 weeks 
for repeat procedure and treatment. 

 Others studies evaluating APC as a palliative mo-
dality have been smaller but slightly less optimistic in 
their fi ndings. A retrospective study by Erikson did not 
report specifi c fi gures in terms of dysphagia relief, but 
noted a majority of patient who presented with dyspha-
gia grades of 3 or greater improved to 2 or less after 
initial APC therapy (47). It was noted that repeat APC 
was required about 4 weeks after initial improvement. 
A 13% complication rate was noted, primarily perfora-
tion, with 1 tracheoesophageal fi stula and a 6.5% pro-
cedure-related mortality rate. Robertson reported the 
use of APC in 9 patients (5). All patients were rendered 
completely asymptomatic for a median of 6 weeks prior 
to need for pretreatment, with no procedure-related 
complications reported. In one small aspect of a larger 
study, Akhtar reported on APC use in 3 patients with 
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malignant dysphagia secondary to esophageal cancer 
(2). Only 1 patient benefi ted from APC treatment. The 
other 2 required stent placement. Survival times appear 
to be in the range of 3 to 6 months (2,4,5,47). APC 
was also demonstrated by Akhtar and Robertson to be 
highly benefi cial for treatment of growth in and around 
a previously placed stent (2,5). 

 At approximately the same time that the success-
ful use of laser therapy was being reported, a separate 
thermal modality was also being developed, which uti-
lized bipolar electrocoagulation. Until the early 1980s, 
this modality was used primarily to treat gastrointestinal 
bleeding. Bipolar electrocoagulation produces a focused 
heat source generated when 2 oppositely charged probes 
are applied to a specifi c site of tissue and the circuit is 
completed. The physics of this technology limits the 
depth of penetration of heat. In 1985, Johnston and col-
leagues reported the use of a specially designed BICAP 
probe, consisting of a bipolar electrocoagulation device 
incorporated into an olive-shaped dilator; similar to an 
Eder-Puestow dilator (49). BICAP probe diameters are 
6 mm, 9 mm, 12 mm, and 15 mm (6,49). After an ini-
tial endoscopic examination to assess the length, loca-
tion, and degree of stenosis, a guidewire is passed into 
the stomach. The BICAP device is then passed down the 
guidewire to either the distal or proximal end of the le-
sion. The BICAP probe diameter utilized depends on the 
lumen size. In some cases of very stenotic tumors, limited 
dilation was required prior to application of the BICAP 
probe. When in position, the probe is activated produc-
ing a 360-degree   thermal tissue injury. As the tissue con-
tinues to heat, it dries and there is an increased resistance 
and subsequent decrease in current, thus theoretically 
limiting depth of penetration (6). The reported theoretic 
depth of the BICAP probe ranges from 2 to 4mm, but 
this may be deeper in tissue that is compressed by the 
probe. Nonetheless, this calculates to a theoretic increase 
in lumen size of 4 to 8mm (50). The probe is passed in 
either a distal or proximal direction. Some have reported 
slowly pushing through the lesion, then withdrawing 
while the probe is applying heat. Others report passing 
the probe to the distal end, and then activating the coag-
ulation, and slowly withdrawing the probe through the 
lesion. While the BICAP probe was originally designed 
for 360-degree thermal therapy, probes have been devel-
oped with the capability of 180-degree therapy. 

 While few centers presently use BICAP thermal 
therapy, the studies evaluating its safety and effi cacy 
were quite promising. In Johnston and colleagues’ 
original study, 20 patients were treated with BICAP 
probe (51). In a mean of 1.7 initial treatment sessions, 
there was a signifi cant improvement in overall dyspha-
gia grade, with a mean interval to the need for repeat 
treatment of 7.6 weeks. Overall survival was not dif-
ferent from historic reports of other modalities. There 

was, however, a 20% rate of major complications with 
2 patients developing hemorrhage and 2  patients de-
veloping fi stulas. Other minor complications noted 
were self-limited chest pain and low-grade fevers. 
 McIntyre found similar results in a comparison of 17 
patients treated with BICAP to 13 patients treated with 
prosthetic tube (52). He noted an 88% improvement 
rate after BICAP therapy. Thirteen of 17 patients re-
quired only 1 treatment with an average duration of 
initial benefi t of 4 weeks. Only 1 complication, a tra-
cheoesophageal fi stula, was noted. These fi ndings were 
statistically similar to the prosthetic tube group. While 
the initial benefi t lasted a shorter period of time than 
Johnston reported, there was also a lower complication 
rate. Johnston notes that the major drawbacks included 
the number of instruments required and the lack of 
clear visualization of all tumors being treated (51). The 
noted advantages included ease of application, speed of 
treatment, simplicity, and low cost of equipment. There 
was no necrotic debris to clear. It was effective for sub-
mucosal and cervical lesions, as well as long lesions. As 
with all thermal therapy, there does not appear to be 
a difference in response to BICAP based on histology 
(7,49). However, 1 study has reported a slightly higher 
failure rate in adenocarcinomas, as compared to squa-
mous cell carcinoma (8). Potential complications are 
similar to other thermal modalities. Two studies have 
demonstrated a signifi cant rate of delayed strictures 
after BICAP therapy (8,53). This was not seen consis-
tently in other studies and may be secondary to probe 
application to normal tissue. 

 The benefi ts associated with BICAP therapy would 
appear to suggest superiority over laser therapy. How-
ever, this has not been demonstrated in the literature, 
and it appears as though each modality has its specifi c 
indications. Jensen and colleagues compared 14 patients 
treated with laser therapy to 14 patients treated with 
BICAP tumor probe therapy (7). Each group received 
only 1 initial treatment session. No statistical signifi -
cance was demonstrated in dysphagia improvement at 
follow-up. Both groups reported an 86% improvement 
in dysphagia, allowing for a soft or semi-solid diet. Pain 
or edema requiring dilation was more common in the 
laser group, as was the incidence of delayed stricturing. 
Survival time was also similar. One tracheoesophageal 
fi stula was reported in the BICAP group, in a patient 
with a non-circumferential lesion. No major complica-
tions were reported in the laser group. This study high-
lighted the differences in tumor characteristics that may 
be amenable to treatment by 1 modality or the other. 
Long, circumferential, submucosal, or cervical lesions 
may be more amenable to BICAP therapy. Shorter, non-
circumferential, exophytic lesions in the middle and lower 
third of the esophagus would be more amenable to laser 
therapy. It has also been suggested that BICAP may be 
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slightly less effective for cardia and lower third lesions, 
as well as anastomotic lesions (8). Non- circumferential 
lesions should never be treated with BICAP probe ther-
apy. While an 180-degree probe is available, it is still not 
recommended in these circumstances. 

 In the present day, only APC is used as a thermal 
modality for the palliation of malignant dysphagia. Un-
fortunately, despite the early reports of safety and ef-
fi cacy, BICAP therapy has failed to be maintained as 
a major modality for palliation. While it is possible to 
pass a small caliber endoscope to visualize the treatment 
of the most proximal aspects of the lesion, the inability 
to visualize the entire thermal delivery has likely been 
a key component in the demise of BICAP probe pallia-
tion. And while numerous studies have demonstrated 
the effi cacy and safety of laser therapy, APC is similar to 
or slightly superior in virtually all aspects. In addition, 
APC is cheaper, more mobile, and easier to learn and 
manage. 

 SUMMARY 

 Thermal therapy utilizing the Nd:YAG laser has proven 
to be a safe and effi cacious modality for the palliation 
of malignant dysphagia. A number of studies in the 
early 1980s demonstrated the superior effi cacy, mor-
bidity, and mortality profi le compared to both pallia-
tive surgery and esophageal plastic tube intubation, and 
Nd:YAG laser rapidly became the procedure of choice 
for palliation of malignant dysphagia. 

 While laser therapy can be applied with some 
degree of effectiveness to any lesion in any region 
of the esophagus, lesions deemed most conducive to 
successful treatment tend to be shorter lesions, usu-
ally less than 6 cm or on a surgical anastomosis, in 
the straight part of the middle third of the esophagus, 
and exophytic, mucosal lesions. Submucosal extrinsic 

compression tumors, lesions in the cervical esophagus, 
and lesions on the gastroesophageal junction tend to 
be more diffi cult to treat with laser therapy. Limited 
studies have shown promise in the added benefi t of the 
combination of laser with radiation or chemotherapy. 
Any lesion associated with mucosal disruption or tra-
cheoesophageal fi stulae are best addressed with SEMS 
placement. 

 After an initial course of approximately 2 to 4 ses-
sions, Nd:YAG produces a variable success rate of about 
70% to 90%, and improvement tends to last for about 
4 weeks before repeat treatment is required. Major com-
plications include perforation, tracheoesophageal fi stula, 
bleeding, and delayed strictures and tend to occur in 0% 
to 10% of patients treated. 

 Since the 1990s, placement of covered and un-
covered SEMS has become the modality of choice 
secondary to the perception of a one-time procedure 
providing adequate long-term palliation and a subse-
quent cost-effective and quality of life benefi t. Early 
studies comparing the 2 modalities failed to consistently 
demonstrate this clear benefi t. This was primarily due 
to the low but signifi cant complication rate related to 
bleeding, stent migration, and chest pain. However, the 
most recent studies are suggestive that this risk is be-
coming less frequent and the cost-effective benefi ts are 
becoming clearer. 

 Despite the relatively universal use of SEMS as the 
primary modality of choice for palliation, there contin-
ues to be a role for thermal therapy. Argon plasma coag-
ulation, which has generally replaced the Nd:YAG laser 
for thermal therapy, can provide treatment to areas of 
the esophagus, such as the cervical esophagus, that are 
not amenable to stenting due to poor patient tolerance. 
In addition, APC can still have a benefi t in the treatment 
of tumor over- or undergrowth. Thus, the outlook for 
thermal therapy as a palliative modality in esophageal 
cancer continues to show promise. 
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he incidence of esophageal carci-
noma is rising at a substantial rate 
in the United States, due mainly to 
the increasing frequency of adeno-
carcinomas (1,2). In 2007, there 

were an estimated 15,560 new cases of esophageal can-
cer resulting in an estimated 13,940 deaths (3). Approx-
imately 30% of diagnosed patients will have disease 
that is metastatic (4), and over 50% of patients with 
esophageal cancer are diagnosed with disease that is 
inoperable. Non-operative combined modality therapy 
can achieve local control in only approximately a half 
of treated patients (5–7). Median survival for patients 
with progressive disease is 3 to 5 months. Given these 
grim realities, the need for effective palliation in these 
patients cannot be overemphasized, in whom the ability 
to swallow without obstruction or pain for the dura-
tion of their remaining life is a vital parameter of overall 
quality of life. 

 Surgical methods for palliation can include limited 
resection with reconstruction and surgical bypass /feed-
ing tubes. The more common treatment options for pal-
liation of dysphagia include endoluminal therapies such 
as self-expanding metal stents, laser therapy, and photo-
dynamic therapy (PDT), as well as endoluminal brachy-
therapy with or without external beam radiation therapy 
(EBRT). Laser therapy often requires multiple sessions to 
achieve durable palliation. A course of EBRT is often not 

practical for patients with advanced, metastatic, or re-
current disease, and those with poor performance status. 
Stents and endoluminal brachytherapy can offer durable 
palliation with fewer interventions and fewer trips to the 
physician’s offi ce. This chapter will focus on the use of 
brachytherapy for palliation of esophageal cancer. 

 DATA 

 Either alone or with chemotherapy, EBRT has been 
shown to be highly effi cacious for the palliation of dys-
phagia in numerous reports (8–12). These studies, and 
others, convincingly demonstrate palliation of dyspha-
gia in 70% to 80% of patients treated with EBRT. Ap-
proximately one-half of these patients will have durable 
palliation lasting until the time of death. 

 The study by Coia and colleagues is notable for its 
relatively large numbers and careful analysis of dyspha-
gia as an endpoint (12). Using a previously described 
swallowing score, the authors analyzed 102 patients 
treated with EBRT and concurrent mitomycin C and 
continuous infusion 5-FU for esophageal cancer on pro-
spective non-randomized trials at the Fox Chase Can-
cer Center: of the 102 patients, 49 were treated with 
palliative intent; 95% of patients had dysphagia at the 
outset; and after the  6-week course of treatment, 83% 
of patients experienced improvement. The median time 

 T



748 VI • PALLIATION

to maximum improvement was 4 weeks, with a range 
of 1 to 21 weeks. Benign strictures occurred in 12% of 
patients. In the group treated for palliation, 91% of pa-
tients had improvement of their dysphagia and 67% of 
patients experienced palliation until death. 

 EBRT has the advantage that, unlike endoluminal 
modalities, it can treat the deep aspect of the obstruct-
ing tumor mass in addition to the visible endoluminal 
component. It suffers from the inconvenience of (typi-
cally) 2 weeks of daily treatments, after which it takes 
approximately 2 weeks to achieve palliation. 

 Brachytherapy has been employed for palliation 
of esophageal cancer for several years and several re-
ports have documented its effi cacy. It is diffi cult to com-
pare the data reported for EBRT with those reported for 
brachytherapy due to uncontrolled selection biases in-
herent in patients referred for brachytherapy, who often 
have failed EBRT or are unable to travel for daily EBRT 
fractions. 

 The effi cacy of brachytherapy was shown by Jager 
and colleagues, who reported their series of 88 patients 
treated with a single fraction of intraluminal brachyther-
apy (13). Patients with preexisting fi stulas, gastroesopha-
geal junction /cardia tumors, and complete obstruction 
were not included. Seven patients had received prior 
EBRT. Dose was prescribed at a depth of 1 cm from the 
central axis with a 1 cm superior-inferior margin on the 
visualized lesion. The fi rst 51 patients were treated with 
medium-dose rate (MDR) 137 Cs with treatment times 
ranging between 2.5 to 5 hours, while the remaining 37 
patients were treated with HDR. Dysphagia improved in 
67% of evaluable patients. Thirteen percent of patients 
reported no change in dysphagia and 20% had progres-
sion. Non-fatal bleeding occurred in 1 patient, and fi stu-
lae developed in 5 patients (6%). Two of the 7 patients 
who received prior EBRT developed severe dysphagia due 
to ulceration. 

 Sharma et al. treated 58 patients with advanced /
metastatic or recurrent esophageal carcinoma with HDR 
intraluminal brachytherapy at the Tata Memorial Hos-
pital in Mumbai (14). Fifteen patients had received prior 
palliative EBRT to doses of 20 to 30 Gy in 3 to 4 Gy 
fractions. A 6 mm catheter was used to deliver 12 Gy in 
2 weekly fractions of 6 Gy at a depth of 1 cm. Overall 
improvement in dysphagia was reported in 48% of pa-
tients, while 15% of patients developed strictures, 10% 
ulceration, and 5% fi stulas. The median time to stricture 
development was 4.2 months. 

 Sur and associates attempted to identify optimal 
fractionation for HDR intraluminal brachytherapy in 
their report on 172 patients randomized to either 12 Gy 
in weekly 6 Gy fractions, 16 Gy in weekly 8 Gy frac-
tions, or 18 Gy in weekly 6 Gy fractions (15). Patients 
with lesions greater than 6 cm in the thoracic esopha-
gus and with the ability to swallow at least liquids were 

 included. A 0.6 cm catheter was used and dose was pre-
scribed to a depth of 1 cm. A margin of 2 cm above and 
below the tumor was treated. After preliminary analysis, 
the 12 Gy arm was closed due to higher rates of persis-
tent disease compared to the other 2 groups. In the fi nal 
analysis, there was no statistical difference in dysphagia-
free survival, although the rates of persistence/recurrent 
tumor were higher in the 12 Gy arm. The dysphagia-free 
 survival for the entire group at 12 months was 29%. Be-
nign fi brotic strictures were highest in the 18 Gy arm 
(42% vs. 14%–25%). The mean to stricture formation 
was 128 days. When comparing other palliative modali-
ties, the authors concluded that 16 Gy in 2 fractions or 
18 Gy in 3 fractions using HDR brachytherapy was the 
most effective palliative modality for these patients. 

 In the multi-national follow-up trial, Sur et al. con-
ducted a randomized comparison of 18 Gy in 3 fractions 
versus 16 Gy in 2 fractions in a study that was spon-
sored by the International Atomic Energy Agency (16); 
232 patients with squamous cell carcinomas greater than 
5 cm in the thorax and performance status greater than 
50 were randomized. Fractions were delivered on alter-
nate days and dose was prescribed at a depth of 1 cm. 
Proximal and distal margins of 2 cm on the visualized 
tumor were included in the treatment volume. No dif-
ferences were seen in outcome between the 2 random-
ized groups. Approximately 80% of patients had no 
dysphagia at 3 months and 60% had no dysphagia at 
12 months. The median duration of dysphagia-free sur-
vival was 7.1 months. The medial survival of the whole 
group was 7.9 months. The incidence of strictures (11%) 
and fi stulas (10%) was equal in the 2 groups. The study 
demonstrated the effi cacy of palliation by means of endo-
luminal brachytherapy for these patients. 

 Two studies have directly compared metal stent 
placement with brachytherapy for palliation of dys-
phagia in esophageal cancer patients. In the study by 
Homs et al., 9 hospitals in the Netherlands randomized 
a total of 209 patients to either placement of a self-
expanding metal stent or to single-dose brachytherapy 
(17). All patients had inoperable or metastatic esopha-
geal cancer and preexistent dysphagia. Tumors greater 
than 12 cm and tumors with fi stulas were excluded, 
as were patients with any prior radiation. For patients 
randomized to stent, the partly covered Ultrafl ex stent 
(Boston Scientifi c, Natick, MA) was introduced and de-
ployed under fl uoroscopy, and placement was verifi ed 
endoscopically and radiographically. Stent length was 
chosen to give at least a 1.5 cm margin on the target 
lesion in both proximal and distal directions. 

 For patients randomized to the brachytherapy arm, 
a 10 mm catheter was positioned to cover the target le-
sion. The target volume included 2 cm proximal and 
distal margins on the tumor, and a single dose of 12 Gy 
was delivered at a depth of 1 cm from the source axis. 
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All patients received sucralfate for 4 weeks after brachy-
therapy. Patients in whom the distal end of the stent or 
the active length of the brachytherapy was below the 
GEJ received lifelong omeprazole. 

 Dysphagia improved more rapidly after stent place-
ment, but by 30 days after treatment, dysphagia score 
improvement was equal in the 2 groups. At 30 days, 
dysphagia score improved by at least 1 grade in 73% of 
patients who had brachytherapy and in 76% of patients 
who had stent placement. Beyond 30 days, brachytherapy 
produced better dysphagia scores until about 350 days 
when the 2 treatments equalized again. Patients in the 
brachytherapy group had more days with no dyspha-
gia (grade 0–1) during follow-up than those assigned to 
stent placement (115 vs. 82,  P  = 0.015). The stent group 
had signifi cantly more complications ( P  = 0.02), most 
prominent of which was a signifi cantly higher incidence 
of late hemorrhage (13% vs. 5%). Median survival was 
not different, and the number of patients eventually 
treated for recurrent or persistent dysphagia was not 
different. Fistulas were uncommon at 3% in each group. 
Total medical costs for the 2 methods were comparable. 
The authors concluded that single-dose brachytherapy 
gave better long-term relief of dysphagia and was better 
tolerated. 

 The second randomized trial comparing stent in-
sertion to brachytherapy was conducted in Sweden by 
Bergquist et al. (18). A total of 65 patients with pre-
existent dysphagia were randomized to Ultrafl ex stent 
insertion or endoluminal brachytherapy delivered in 
3 fractions of 7 Gy (HDR) at 1 to 2 week intervals. A 
10 mm or 17 mm applicator was used to deliver dose 
to the target lesion with a 1 cm margin, and dose was 
prescribed to a depth of 1 cm. Clinical assessments were 
coupled to health-related quality of life questionnaires at 
regular intervals. Similar to the Dutch study, stenting was 
more effective in the fi rst month, but that in patients with 
longer survival (beyond 3 months), brachytherapy offers 
better palliation and better quality of life. 

 Another option for palliation in patients with 
esophageal tumors is coagulation/vaporization with the 
neodymium yttrium aluminum garnet (Nd:YAG) laser. 
The tumor is treated under direct visualization and this 
method can achieve recanalization in 90% of appropri-
ately selected patients. However, the response to laser 
therapy is not durable. Typically, repeat interventions 
are required every 4 to 6 weeks. 

 A randomized trial of laser recanalization alone or 
with EBRT (30 Gy in 10 fractions) showed that adding 
RT increased the interval between laser treatments (19). 
In addition, a randomized trial comparing laser recana-
lization with or without endoluminal brachytherapy has 
been reported by Spencer et al. (20). In this study, 22 
patients referred to the Middlesex Hospital in London 
for palliation of dysphagia due to previously untreated, 

inoperable, exophytic adenocarcinoma of the esopha-
gus were randomized to either additional brachyther-
apy or observation after laser recanalization. A dose of 
10 Gy was delivered at 1 cm from the source using an 
HDR afterloader. The median time to dysphagia recur-
rence was longer in the brachytherapy group (19 weeks) 
than in the observation group (5 weeks), and this dif-
ference was statistically signifi cant ( P  < 0.001). Further-
more, the patients treated with brachytherapy required 
less than half the number of treatments per month alive 
than those treated with laser alone ( P  = 0.04). This 
study clearly demonstrated the effi cacy of a single frac-
tion of endoluminal brachytherapy when added to laser 
recanalization. 

 Concerns regarding the toxicity of esophageal 
brachytherapy have been accentuated by the results of 
RTOG 9207 (21). In that study, 49 patients with in-
operable esophageal cancer received 50 Gy EBRT with 
concurrent chemotherapy (cisplatin /5-FU), followed 
by a 2-week break, and then an endoluminal brachy-
therapy “boost.” Brachytherapy consisted of 15 Gy as 
weekly 5 Gy fractions using HDR or 20 Gy with LDR 
and was delivered through a 4 to 6 mm catheter. Sig-
nifi cantly, patients received chemotherapy during the 
brachytherapy portion of the treatment. The dose in the 
HDR group was reduced to 10 Gy in 2 fractions due to a 
high number of observed fi stulas (6 patients). The LDR 
arm was closed due to poor accrual. In the fi nal report, 
the median survival for all patients was 11 months and 
the local persistence/recurrence rate was 63%. A total 
of 6 patients developed fi stulas (14.6%), resulting in the 
deaths of 3 of these patients. The 1-year actuarial fi stula 
development rate was 17.5%. 

 As described by the authors of the study, factors con-
tributing to the high rate of fi stula formation probably 
include the use of more cycles of chemotherapy, the use 
of chemotherapy concurrent with brachytherapy, smaller 
diameter catheters leading to higher surface mucosal 
doses, and higher total brachytherapy doses. Notably, no 
fi stulas occurred after the dose was reduced to 10 Gy in 
2 fractions. In contrast, other authors have reported 
fewer esophageal complications in patients receiving a 
brachytherapy boost after concurrent chemotherapy and 
EBRT. In the palliative setting, without chemotherapy 
and with appropriately large applicators, fi stula rates less 
than 10% are to be expected, as was demonstrated in the 
previously discussed randomized Dutch study. 

 TECHNIQUE 

 The goal of applicator placement is to pass the ap-
plicator beyond the target lesion so that a minimum 
1.5 to 2 cm margin on tumor is covered both in the 
proximal and distal directions. The most widely  available 
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and commonly used applicator is a fl exible single 
channel catheter. For application in the esophagus, a 
longer (100–150 cm) catheter is needed. As discussed 
above, narrow-bore catheters lead to higher mucosal 
doses so catheters with a diameter of 0.6 to 1 cm are 
preferred. 

 Applicator placement should occur in a controlled 
setting with the patient under moderate sedation or gen-
eral anesthesia. Experienced endoscopists are necessary 
collaborators for the procedure. Commonly, the appli-
cator can be placed transnasally after locally active an-
esthetic agents have been applied to the nasal mucosa. 
Placement of the applicator beyond the target lesion 
should be verifi ed by endoscopy. 

 In situations where an obstructive lesion does not 
allow passage of the catheter, the gastrostomy tube can 
be used to help in applicator placement (2). First, the 
catheter can be passed through the nose and led out 
of the mouth. Next, the endoscope is passed through 
the mouth and advanced down the esophagus, past the 
target lesion, until the gastrostomy tube is visualized. 
A long suture or snare is inserted into the gastrostomy 
tube and grasped by the endoscope. The endoscope 
can then be withdrawn, thus bringing the suture out 
through the patient’s mouth. The distal end of the su-
ture, still at the level of the gastrostomy tube, requires 
attention so as to not be pulled up into the esophagus. 
The weighted end of the catheter can now be secured 
to the suture or snare and can together be pulled back 
through the esophagus by gently pulling the suture at 

 TABLE 88.1 
 American Brachytherapy Society Recommendations for the Palliative Treatment of Esophageal Cancer  

Recurrent after EBRT and short life expectancy
Brachytherapy:

HDR—total dose of 10–14 Gy, 1 or 2 fractions

LDR—total dose of 20–40 Gy, 1 or 2 fractions, 0.4–1.0 Gy/ hr

No previous EBRT

EBRT:

30–40 Gy in 2–3 Gy fractions

Brachytherapy:

HDR—total dose of 10–14 Gy, 1 or 2 fractions

LDR—total dose of 20–25 Gy, single course, 0.4–1.0 Gy/ hr

No previous EBRT, life expectancy > 6 months

EBRT:

45–50 Gy in 1.8–2.0 Gy fractions, 5 fractions/ week, week 1–5

Brachytherapy:

HDR—total dose of 10, 5 Gy per fraction, 1 fraction/ week, starting 2–3 weeks after EBRT

LDR—total dose of 20 Gy, single course, 0.4–1.0 Gy/ hr, starting 2–3 weeks after EBRT

the gastrostomy end and advancing the catheter at the 
nasal end. 

 If the endoscope cannot pass the obstruction, a 
thin biopsy catheter may be advanced beyond the lesion. 
As before, this catheter can now “catch” one end of a 
snare at the level of the gastrostomy tube and then be 
pulled back to the level of the mouth. The applicator can 
then be carefully advanced past the lesion as described 
above. 

 Neoplastic erosion and invasion of the esopha-
gus can signifi cantly weaken its ability to withstand in-
strumentation and intervention. Care must be taken to 
avoid the creation of a false lumen by the surgical in-
struments. Highly skilled and experienced endoscopists 
are required to minimize the potential risks of mucosal 
injuries, bleeding, perforation, and mediastinitis. 

 DOSE AND FRACTIONATION 

 The goal of palliative brachytherapy in this setting 
is to control the luminal component of the disease. 
Brachytherapy should not be expected to control deep 
esophageal wall disease or peri-esophageal disease. The 
American Brachytherapy Society has published guide-
lines for the use of brachytherapy both in the curative 
and palliative settings (22). The guidelines for palliation 
with brachytherapy have been reproduced in Table 88.1. 
Dose is prescribed at a depth of 1 cm from the source 
position. As described on Table 88.1, both low- and 
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 CONCLUSION 

 Esophageal cancer continues to be diffi cult to control 
and cure, and many patients will require palliation of 
their symptoms. The most frequent and signifi cant of 
these is obstruction resulting in dysphagia. External 
beam radiotherapy and endoluminal brachytherapy can 
be a safe and effective means of producing durable pal-
liation when offered by a methodical, multidisciplinary 
team of health care providers. 

 FIGURE 88.1 

An HDR remote afterloading unit (Microselectron, Nucle-
tron, Netherlands) with an attached intraluminal esopha-
geal applicator (Nucletron, Netherlands).

 FIGURE 88.2 

 Anterior radiograph of an intraluminal esophageal applica-
tor with a radio-opaque dummy wire for treatment planning. 
Treatment isodose lines have been scaled for magnification 
and overlayed on the radiograph. 

high-dose rate brachytherapy can be used (Figure 88.1). 
In general, for patients with prior EBRT treatment or a 
short life expectancy, brachytherapy alone as palliation 
is appropriate. One or 2 fractions of 5 to 7 Gy with 
HDR or 20 to 25 Gy in a single course of LDR are rea-
sonable (Figure 88.2). For patients with longer life ex-
pectancies, additional dose contributions with external 
beam should be considered.   
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  89  Surgical Palliation: 
Current Role 

 Michael Ujiki
Christy M. Dunst 

alliation is an important consider-
ation for those who treat patients 
with esophageal carcinoma because 
more than 50% of these patients 
will present with distant metastases 

or locally advanced, unresectable disease (1). The goal of 
palliation in these patients is to improve their quality of 
life, keeping in mind that only a few will have prolonged 
progression-free survival. The selection of appropriate 
palliative methods depends on many factors including ex-
pected survival time, the general condition of the patient, 
and the patient’s presenting or associated symptoms. 

 Consideration for surgical intervention in patients 
for whom cure cannot be achieved must be made cau-
tiously. Historically, incomplete resections to relieve se-
vere dysphagia or to control a perforation or fi stula were 
acceptable mainly because there were no other options. 
Esophageal surgeons devised novel operations in an at-
tempt to decrease the extraordinarily high morbidity and 
in-house mortality observed in these dismal situations. 
However, with the evolution of advanced endoscopic 
techniques and improved chemotherapy and radiation 
protocols, the current role for surgical palliation is lim-
ited. For example, successful restoration of the ability 
to swallow can now be achieved nonsurgically using 
self-expanding metal stents, photodynamic therapy, or 
chemoradiation with much lower morbidity and mortal-
ity rates (2–4). Palliation for esophageal cancer should 

not only be safe and effective, it should also be effi cient 
to minimize time spent receiving such treatment. 

 Surgical intervention may still play a benefi cial role 
in some patients with esophageal carcinoma who pre-
sent with acute perforation, pulmonary complications 
from fi stulae, or dysphagia unresponsive to endoscopic 
or other less invasive means, assuming they are accept-
able operative candidates with a reasonable predicted 
survival. Esophageal surgeons should be familiar with 
potential surgical options for when such situations arise 
but they should also understand that while palliative 
esophagectomy and bypass techniques can effectively re-
lieve symptoms, morbidity and mortality rates are high, 
ranging from 50% to 60% and 0% to 40% respectively 
(2,5–10). It is imperative that the surgeon have a lengthy, 
informative discussion with the patient, family, and mul-
tidisciplinary team preoperatively so that expectations 
are realistic. 

 PALLIATIVE ESOPHAGECTOMY 

 Currently, palliative resection using a standard esopha-
gectomy approach is not typically considered in patients 
with distant metastases due to a short life expectancy 
and the high inherent morbidity and mortality associ-
ated with the procedure. Patients with locally advanced 
unresectable tumors, who do not show evidence of 

 P
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metastatic disease, are also better treated with less in-
vasive means that do not threaten the loss of poten-
tially curative interventions down the road. Resection 
in these patients is technically challenging and does not 
improve survival or quality of life. Only in exceptional 
circumstances should primary resection be performed 
as a palliative procedure. 

 PALLIATIVE BYPASS 

 Although now largely of historic interest, multiple 
techniques for esophageal bypass have been described. 
Heimlich and Postlethwait both described using a greater 
curvature gastric tube as a conduit (11,12). Heimlich 
preferred a reversed graft, brought in a retrosternal 
fashion, with an anastomosis in the neck to the cervical 
esophagus (Figure 89.1). Postlethwait described a simi-
lar procedure but postulated that a nonreversed, isope-
ristaltic tube was more physiologic. Korst and Ginsberg 
describe using the entire stomach as a gastric tube and 
excluding the esophagus both proximally and distally 
(Figure 89.2) (13). In addition, portions of the colon can 

be used as a conduit to the neck if gastric transposition is 
not possible. Korst and Ginsberg prefer an isoperistaltic 
left colon transplant placed in the retrosternal position 
and based on a left colic arterial pedicle (13).   

 Techniques that bypass esophageal tumors to the 
intrathoracic esophagus have also been reported. Kirsch-
ner described an intrathoracic gastric bypass with exclu-
sion of the thoracic esophagus proximal to the tumor 
and distal drainage into a loop of jejunum (Figure 89.3) 
(14). Ong slightly modifi ed the procedure by using a 
jejunal conduit and Roux-en-Y confi guration, a partic-
ularly useful operation for tumors at the gastroesopha-
geal junction (Figure 89.4) (15). This palliative bypass 
operation has been used in recent reports, and despite 
improvements in patient selection and postoperative 
care, morbidity and mortality rates remain excessively 
high (2,5,6,8). Additional concern for the potential mor-
bidity associated with an anastomotic breakdown in the 
chest is present when considering these techniques com-
pared to those options that utilize a cervical anastomo-
sis. However, adequate length of the gastric conduit to 
reach the neck is not always available, and jejunal seg-
ments do not work as well with a cervical anastomosis 
due to its tenuous blood supply.   

FIGURE 89.1

Retrosternal reversed gastric tube bypass with cervical 
anastomosis. Illustration by Mark A. Dunst.

FIGURE 89.2

Retrosternal gastric conduit bypass with total esophageal 
exclusion. Illustration by Mark A. Dunst.
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 Another option includes the fundal bypass as de-
scribed by Popovsky, in which the fundus of the stom-
ach is connected to the distal esophagus (Figure 89.5) 
(16). This technique can be useful to bypass tumors 
limited to the gastroesophageal junction and may elimi-
nate the truly intrathoracic suture line and associated 
complications.   

 Overall, while these operations are creative and can 
have excellent palliative results, typical morbidity and 
mortality rates remain too high to justify their use over 
current less invasive measures. Even those who regularly 
performed bypass operations in the past have come to 
abandon them (17). 

 FEEDING GASTROSTOMY 
AND JEJUNOSTOMY 

 Probably the most applicable operation a surgeon can 
offer in the palliation of esophageal cancer is that of 

feeding tube placement. Gastrostomy or jejunostomy 
tubes placed percutaneously, laparoscopically, or open, 
can act as a useful adjunct to other palliative procedures. 
These procedures are rather simple, can be performed 
with minimal morbidity, and can improve quality of life 
by improving nutritional status and strength. 

 CONCLUSION 

 Whereas surgery was once our only option, advance-
ments in endoscopic techniques and chemoradiation 
have greatly added to our armamentarium for pallia-
tion of esophageal cancer. The role of palliative sur-
gery for this devastating disease has clearly diminished 
with the introduction of self-expanding metal esopha-
geal stents, photodynamic therapy, and undeniable 
improvements in the effectiveness of current chemo-
radiation protocols. Though surgical palliative tech-
niques, such as esophageal bypass, are durable and 

FIGURE 89.3

Intrathoracic gastric bypass with exclusion of the thoracic 
esophagus proximal to the tumor and distal drainage into a 
loop of jejunum. Illustration by Mark A. Dunst.

FIGURE 89.4

Intrathoracic jejunal Roux-en-Y bypass. Illustration by Mark 
A. Dunst.
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can improve quality of life, the morbidity and mortal-
ity rates are too high to justify their regular use. Only 
in rare circumstances should the esophageal surgeon 
consider major noncurative surgery in a patient with 

FIGURE 89.5

Distal esophageal fundal bypass. Illustration by Mark A. 
Dunst.
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  90  Perforated Esophageal 
Cancer 

 Lyall A. Gorenstein
Joshua R. Sonett 

erforation of esophageal carcinoma 
is a life-threatening complication 
that occurs most frequently dur-
ing instrumentation of the esoph-
agus. Fortunately, the incidence 

is low, affecting less than 1% of esophageal cancers. 
Perforated esophageal cancer is seen in a heterogeneous 
population of patients that spans a spectrum of prog-
noses from those with potentially resectable and cur-
able cancers, to those with metastatic disease for whom 
comfort measures may be the appropriate therapy. 
Between these 2 extremes are the majority of patients 
with esophageal cancer. Locally advanced disease may 
preclude consideration of a curative resection, yet effec-
tive non-surgical, treatments can potentially afford pro-
longed survival. A clinically evident acute esophageal 
perforation if left untreated is uniformly fatal. 

 Ideally, a patient with a localized potentially cur-
able cancer and an acute esophageal perforation should 
undergo urgent esophagectomy and reconstruction. When 
performed soon after the perforation, the operative mor-
tality is no different than following elective esophagec-
tomy (1–4). However, more often than not, the patients 
who  encounter this complication have locally advanced 
unresectable tumors, metastatic disease, or severe comor-
bidities that preclude resection. In this situation, the man-
agement of this condition will be determined by several 
factors including stage of disease, patient comorbidities, 

the general condition of the patient, time interval to diag-
nosis, and the technical expertise that is available. 

 The management of patients with perforated 
esophageal cancers must therefore be individualized. 
Treatment options include resection with or without a 
primary anastomosis, self-expandable covered stents, 
drainage of the mediastinum or pleural space, or, oc-
casionally, no treatment (23). It may be necessary to 
combine treatments, i.e., draining the mediastinum or 
an empyema after placing a self-expanding covered stent 
across the esophageal perforation (5–7). There are sev-
eral factors that need to be assessed before instituting 
defi nitive therapy, including the site of the perforation, 
the stage of the cancer, the patient’s associated comor-
bidities and what cancer-related treatment may already 
have been administered. 

 ETIOLOGY 

 Most perforations of esophageal cancers are iatrogenic 
and occur during attempted dilation, stent insertion, 
or laser ablation of locally advanced non-resectable 
tumors (6–8). Tumors arising in the upper or middle 
thirds of the esophagus that involve the entire thickness 
of the esophagus or that invade other mediastinal struc-
tures are at greater risk of perforation during attempted 
dilations (6). 

 P
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 Although the risk of esophageal perforation during 
stent placement for obstructing esophageal cancers is less 
than 2% (8–12), this accounts for over 40% iatrogenic in-
juries. Self-expanding stents, which for the most part have 
replaced the older plastic prostheses, have signifi cantly re-
duced the incidence of esophageal perforation (8). 

 Esophageal perforations can also occur during at-
tempted dilation or biopsy during endoscopic evaluation 
of a patient with an obstructing esophageal cancer. The 
incidence of perforation during esophageal dilation is 
approximately 1% to 2% (8–13). Perforations due to 
esophageal dilation accounts for 20% of esophageal can-
cer perforations. The liberal use of dilators placed over 
a guide wire seems to reduce the risk of perforation (9). 
Spontaneous perforation (Boerhaave’s syndrome) of the 
esophagus in the setting of an underlying cancer, though 
much less frequent, can also occur (13,14). In patients 
undergoing active treatment, radiation therapy can lead 
to rapid tumor necrosis and esophageal perforation re-
sulting in mediastinitis, or fi stula formation into other 
mediastinal structures such as the trachea or aorta (15). 

 INITIAL MANAGEMENT 

 It is essential that the diagnosis of esophageal perfo-
ration be made expeditiously and resuscitation and 
treatment be instituted quickly, to afford the best op-
portunity for a successful outcome. This includes in-
travenous resuscitation and broad spectrum antibiotic 
therapy covering oral fl ora including Candida species. 
Intravenous H2-blockers or proton pump inhibitors 
may also be given to reduce acid content and decrease 
the  infl ammatory mediastinitis that ensues. Esophageal 
perforation after instrumentation is often suspected be-
cause of technical problems occurring during the pro-
cedure. The  endoscopist may recognize the perforation 
before  concluding the procedure and, in fact, may be 
able to manage the perforation with a self-expanding 
covered stent (7). 

 More frequently however, a perforation is diag-
nosed several hours after the injury has occurred. The 
patient often complains of chest pain, odynophagia, 
or worsening dysphagia. An upright chest X-ray may 
show mediastinal emphysema, subcutaneous emphy-
sema, free intraperitoneal air, or a pleural effusion. If 
the diagnosis of esophageal perforation is suspected 
only after the endoscopy has been completed, a dilute 
barium study should be obtained. Gastrograffi n may 
be used as the initial contrast agent but dilute barium 
more accurately identifi es a perforation and defi nes 
whether the leak is generalized or contained. Esopha-
gram provides key information regarding the severity 
and location of the perforation. If there is extension 
into both pleural spaces, this indicates a more severe 

injury. Pleural drainage as well as urgent management 
of the perforation is required. 

 Often patients with unresectable tumors receive 
high-dose radiotherapy either alone or combined with 
systemic therapy. If a radiation stricture develops, dila-
tations or stenting may be required to palliate dyspha-
gia. Dilatation of a posttreatment stricture may produce 
a micro perforation, which clinically can mimic a full 
thickness perforation. The patient usually will complain 
of pain, and an upright chest X-ray or CAT scan may 
show mediastinal emphysema. The esophagram pro-
vides key information regarding the severity and loca-
tion of the perforation. The study may be normal, or 
demonstrate a small fi stula or contained leak within the 
densely scarred mediastinum. If there is no communica-
tion with the pleural space, the patient can be managed 
conservatively, with antibiotics and intravenous fl uids. 
Provided the patient remains clinically well, the esopha-
gram should be repeated after several days, and if un-
changed, oral intake can resume. 

 The esophagram can also provide important in-
formation about the site of the perforation. Dilation of 
gastroesophageal junction (GEJ) tumors can perforate 
into the peritoneal cavity. Free intraperitoneal air may 
be present on an upright chest X-ray; however, because 
this type of perforation occurs more commonly in the 
lesser sac, only an esophagram will demonstrate the ab-
dominal extension. 

 Contrast-enhanced computed tomography (CT scan) 
of the chest and upper abdomen may be necessary to 
evaluate a patient with a perforated esophageal cancer. 
If resection is being contemplated, and a CT scan was 
not done before the perforation, then urgent staging is 
necessary to exclude metastatic disease to the liver, lungs, 
or regional lymph nodes that may preclude a curative re-
section. Although endoscopic ultrasound usually plays a 
key role on the management in the preoperative staging 
of patients with esophageal cancer, there is no need to 
delay defi nitive management in a patient with an other-
wise resectable tumor. Adequate staging can be achieved 
by simple endoscopic examination of the tumor and a 
contrast-enhanced CT scan to exclude the presence of 
metastasis. In patients in whom the injury was not rec-
ognized initially and presents with signs of sepsis, a CT 
scan is crucial in management. This can demonstrate the 
extent of pleural or mediastinal contamination and can 
also guide drainage procedures. 

 SURGICAL MANAGEMENT 
OF ESOPHAGEAL PERFORATION 

 Surgical resection of an acutely perforated esophagus 
can be performed with similar morbidity and mortality 
as an elective resection (1–3). The decision to resect the 
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perforated esophagus rather than place a self-expanding 
stent depends on several factors. The tumor must be lo-
calized and resectable by CAT criteria, and the patient 
should be reasonably fi t. Advantages to this approach 
include elimination of a source for ongoing mediastinal 
and pleural contamination should the stent fail to com-
pletely cover the perforation, and providing a potentially 
curative treatment. In the patient with an early stage can-
cer, in which the perforation is treated successfully with 
a stent, delayed resection is technically more complicated 
because of the mediastinal reaction that results from the 
injury. Another theoretical disadvantage to delayed re-
section is dissemination of tumor into the mediastinum; 
therefore, patients with operable cancers should undergo 
immediate resection. 

 There are 2 potential surgical approaches for pa-
tients with operable esophageal cancers: a transhiatal 
esophagectomy or a transthoracic esophagectomy. The 
decision as to which to use will depend on several fac-
tors including location of the tumor, degree of contami-
nation, stability of the patient, and surgical expertise. In 
a patient with a tumor arising at the GEJ, in whom the 
diagnosis is made early and there is no hemodynamic in-
stability, the transhiatal route is acceptable (1,2). Often 
the pleural spaces will be opened during the resection, 
and chest tubes drainage is required. In a patient with a 
large, bulky, mid- or distal esophageal cancer in which 
there is extensive contamination of the pleural space, or 
mild hemodynamic instability, a transthoracic approach 
is safest. 

 Reconstruction can usually be performed with the 
stomach at the time of resection. In the acute setting, co-
lonic or jejunal interposition is hazardous and should be 
avoided. If the stomach is not available, than delayed re-
construction with colon several months later should be 
done. When there is little contamination of the mediasti-
num and pleura, the stomach can be placed in the esopha-
geal bed. If the diagnosis of a perforation is delayed, and 
there is extensive contamination of the medistinum, than a 
substernal route is preferable, thereby eliminating the risk 
of the gastric staple line breaking down should an abscess 
develop in the mediastinum. Our preference is to place 
the esophagogastric anastomosis in the neck, regardless 
if a transthoracic or transhiatal resection is performed. 
An intrathoracic anastomosis is inherently at greater risk 
to leak postoperatively, if the mediastinum has been con-
taminated. Placing the anastomosis in the neck, out of the 
mediastinum, reduces the risk of postoperative mediasti-
nitis should the anastomosis fail to heal primarily. 

 Another option when dealing with a perforated 
esophageal cancer in a hemodynamically unstable pa-
tient is resection without reconstruction, for which there 
are 2 surgical options. The stomach can be transposed 
to the neck and a cervical esophagostomy created. Over 
the next 1 to 2 weeks, scarring between the stomach 

and surrounding soft tissues closes any potential com-
munication between the neck and the mediastinum. An 
anastomosis can than be created, without fear that an 
anastomotic leak may extend down into the mediasti-
num. Another option in the severely hemodynamically 
unstable patient is to perform the resection while leaving 
the stomach in the peritoneal cavity decompressed with a 
gastrostomy tube and creating a cervical esophagostomy. 
Delayed reconstruction several months later will require 
placing the stomach in a substernal location. Though a 
less ideal location for a gastric conduit compared to the 
esophageal bed, this is the safest approach in an acutely 
septic patient. Delayed reconstruction is also appropri-
ate if the viability of the stomach is questionable. The 
overall mortality in patients undergoing resection and 
reconstruction is approximately 6% to 10% (1–3,5,17), 
which is not signifi cantly greater than following elective 
esophagectomy. Obviously the surgical survival in these 
small series is skewed by patient selection. 

 Another option is esophageal exclusion. Rather 
than resecting the diseased esophagus, a diversion is per-
formed, which theoretically eliminates persistent medias-
tinal contamination. Different diversion techniques are 
described whereby diversion is either  complete, by divid-
ing the esophagus in the neck and in the abdomen, or par-
tial, when a cervical stoma is created but the esophagus 
is not divided. These diversion procedures are  primarily 
aimed at managing a benign perforated esophagus, in 
which primary repair is hazardous because of extensive 
mediastinal contamination. The need for esophageal 
 diversion occurs most commonly following spontaneous 
esophageal rupture, in which the diagnosis is delayed. 
Since most malignant esophageal perforations are iatro-
genic, and diagnosed promptly, the need for a diversion 
procedure is uncommon. However, a situation may arise 
in that a patient with a potentially resectable perforated 
esophageal cancer has persistent ongoing mediastinal sep-
sis, and conservative maneuvers such as stenting and me-
diastinal drainage have failed to control the leak. Often, 
in this situation, sepsis has persisted for some time, the 
mediastinum may be severely infl amed, and resection 
is no longer a safe option. A diversion procedure per-
formed as a last resort may be life saving. Mortality rates 
exceed 50% when esophageal diversion is performed for 
perforated esophageal cancer (17,20–22). However, the 
high mortality associated with diversion techniques is a 
refl ection of the critical status of these patients, not of the 
technical approach. 

 STENTING PERFORATED 
ESOPHAGEAL CANCERS 

 With the development of self-expanding covered metal 
stents (SEMS), the role of stents in managing patients 
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with iatrogenic esophageal perforations has increased, es-
pecially in patients with malignancy. To occlude a perfo-
ration successfully, a stent must be able to exert suffi cient 
radial force against the wall of the esophagus. Perfora-
tions that occur in benign diseases often lack a suitable 
“shelf” to seat the prosthesis, and migration of the pros-
thesis is common, whereas in malignant strictures, there 
is usually an adequate narrowing to achieve a tight seal 
against the esophageal wall. Because SEMS easily con-
form to shape of the esophagus, they are more likely to 
seal the perforation than older rigid plastic stents. When 
dealing with a perforation, placing a SEMS is less trau-
matic and more likely effective in occluding the perfora-
tion than a rigid plastic stent, which lacks the fl exible 
conforming characteristics of a SEMS (6–8,12–14). 

 There are several inherent advantages of early 
stenting. If recognized during the initial procedure, plac-
ing a stent reduces mediastinal contamination and may 
eliminate the need for pleural drainage. An esophageal 
stent does not preclude further therapy. Neoadjuvant 
chemotherapy, radiation therapy, or even surgical resec-
tion are not contraindicated by the presence of a stent. 
Once placed, an esophagram should be obtained imme-
diately to confi rm successful occlusion of the perfora-
tion. Intravenous antibiotics should be administered for 
several days, and feeding can resume after the esopha-
gram confi rms the leak is sealed. 

 Successful occlusion of an esophageal perforation 
with a SEMS is dependent on several factors. Mid- 
esophageal cancers, which more often are squamous 
cell lesions, provide a better shelf, often have a region 
of normal esophagus above and below the tumor, and 
therefore the stent can achieve a better seal. Overlapping 
stents may be necessary for long tumors. Tumors arising 
in the GEJ are more diffi cult to treat, and tumors that 
have been previously treated with either chemotherapy 
or radiation may be harder to stent, unless there is suf-
fi cient narrowing or a fi rm posttreatment stricture. If 
the perforation occurs in the proximal esophagus, re-
mote from the tumor, stenting is unlikely to succeed. 
Technical experience in placing these stents in the non-
emergent situation is certainly advantageous. Reported 
successful occlusion of malignant perforations with 
SEMS ranges from 80% to 100%. Despite technical 
success in placing SEMS across malignant esophageal 
perforations, the 30-day mortality rate exceeds 25% 
(6–8,10,12–19). Though this seems high, considering 

the often-encountered medical comorbidities and exten-
sive locoregional malignant burden in this patient popu-
lation, survival with SEMS is comparable if not superior 
to any surgical intervention. It is diffi cult to compare 
the results of emergent esophagectomy to SEMS in pa-
tients with malignant esophageal perforations, since the 
patients treated with stents are usually determined to be 
inoperable because of locally advanced disease. SEMS 
has replaced emergent esophagectomy or non-operative 
management in poor risk patients. Older surgical series, 
prior to SEMS being widely available to treat esopha-
geal perforations, report surgical mortality in unselected 
patients following emergent esophagectomy in excess of 
50% (20–23). 

 CONCLUSION 

 Patients with esophageal cancer and an acute esophageal 
perforation are a complex and heterogeneous group of 
patients, and treatment must be individualized. Esopha-
geal perforation, left untreated, is a life-threatening com-
plication, which must be acted on quickly if the patient 
is to survive. Despite aggressive intervention, mortality 
is high following either insertion of a SEMS or with sur-
gical resection. Many factors need to be evaluated in de-
ciding how best to manage these patients. The following 
algorithm should be considered: 

 Emergent resection should be performed if the patient 
is a good operative risk, the tumor is localized, and 
resection is potentially curable. 
 In the poor-risk patient, or if the tumor is unresectable, 
then attempt to place a SEMS across the perforation. 
 If the esophageal perforation is recognized during at-
tempted dilatation or stent placement, SEMS should be 
inserted across the perforation if technically feasible. 
 An esophagram is performed following insertion of 
the SEMS. 
 If a persistent leak is seen, a second stent telescoped 
into the original stent may control the leak. Medias-
tinal or pleural drainage will be required. Consider 
emergent resection. 
 After placement of a SEMS, any pleural or mediastinal 
collections should be drained. 
 Esophageal diversion is reserved for the very infre-
quent situation in which a patient with an operable 
cancer has severe sepsis that precludes resection.   

•

•

•

•

•

•

•
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utcomes for esophageal cancer 
patients remain relatively bleak, 
as most patients present with ad-
vanced stages of disease. At presen-
tation only about half of patients 

are candidates for curative therapy, due to metastatic 
disease, medical comorbidities, or poor performance 
status. The vast majority of patients are symptomatic 
from their disease. Over 90% of patients will have 
some degree of dysphagia and weight loss stemming 
from malignant stenosis. Other common symptoms in-
clude aspiration, which can result from either dyspha-
gia or tracheoesophageal fi stula, and pain. Since many 
patients are not candidates for curative treatment, 
palliation of these symptoms becomes an important 
clinical endpoint and critical to the patients’ quality of 
life. Common palliative interventions include external 
beam radiotherapy, chemotherapy, enteral nutrition, 
analgesics, and a number of endoscopic procedures 
including dilatation, stenting, photodynamic therapy, 
argon plasma beam, and brachytherapy. These inter-
ventions are used both alone and in combination de-
pending on the clinical scenario. The use of palliative 
esophagectomy is becoming increasingly uncommon 
given the morbidity and mortality of the procedure 
and the short life expectancy of these patients. Al-
though a number of case series and prospective non-
randomized trials describing these various techniques 

have been published, there is a relative paucity of data 
comparing these techniques and providing guidance 
as to which intervention may be most appropriate for 
a given patient. Thus palliative intervention is largely 
dictated by the physician’s discretion, the patient’s de-
sires, and institutional practices. A review of available 
data can, however, provide some general principles to 
guide our decision making. Many of these interven-
tions are described in great detail in preceding chap-
ters. The focus of this chapter is the administration of 
external beam radiotherapy (EBRT), either alone or 
in combination with other therapies, to palliate local 
symptoms of esophageal cancer. Palliative treatment 
of distant metastatic disease will not be discussed and 
should follow the same principles as treating meta-
static disease of other origins. 

 DEFINING PALLIATIVE 

 Before deciding on a palliative modality, physicians 
must fi rst decide which patients are appropriate can-
didates for palliative treatment and which should be 
treated with curative intent. Many criteria are used to 
help make this distinction, including operability, age, 
presence of metastatic disease, medical comorbidi-
ties, and performance status. A patient unable to have 
surgical intervention, either due to locally advanced 

 O
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disease that makes the tumor unresectable or the pa-
tient’s  inability to tolerate surgery, has traditionally 
been  considered incurable. Over the past 2 decades, 
a number of studies have demonstrated modest but 
real long-term survival for patients treated with com-
bined modality chemoradiotherapy (CRT) but with-
out esophagectomy (1–3). In the Radiation Therapy 
Oncology Group (RTOG) 85–01 trial, 5-year overall 
survival was 26% among the 61 patients randomized 
to receive combined modality therapy (1). More re-
cent data looking specifi cally at inoperable patients 
confi rm these fi ndings. In a retrospective review of 
90 patients with inoperable esophageal cancer treated 
with concomitant cisplatin, 5-fl uorouracil, and EBRT, 
Crosby et al. found a 26% 5-year overall survival rate 
(4). Similarly, a phase III randomized trial from India 
demonstrates a 5-year overall survival rate of 24.8% 
for patients with inoperable esophageal cancer treated 
with CRT (5). Two recent reports also indicate that 
even very elderly patients with multiple comorbidities 
who are poor surgical candidates can be treated with 
curative intent (6,7). In a prospective Japanese trial 
of Stage I and IIA patients aged 80 or older, Kawashima 
et al. report a 3-year overall survival of 39% with 
EBRT (66 Gy) alone (7). A series of 25 patients with 
a median age of 77 years (range 66–88) from Memo-
rial Sloan-Kettering Cancer Center treated with CRT 
(5-fl uorouracil, mitomycin-C, and EBRT 50.4 Gy) dem-
onstrated a 2-year overall survival of 64% and median 
survival of 35 months (6). These results demonstrate 
that many patients may be treated with curative intent 
despite being inoperable, being of advanced age, or hav-
ing multiple medical comorbidities. Patients may be ap-
propriately classifi ed as incurable if they have metastatic 
disease and/or locally advanced disease in conjunction 
with poor performance status that precludes aggressive 
intervention. Even in these palliative patients, a wide va-
riety of treatment options have been reported ranging 
from combined modality therapy similar to that used 
with curative intent to supportive care alone. In a Swed-
ish multivariate analysis of incurable esophageal cancer 
patients, both the presence of metastatic disease and 
the outcome of health-related quality of life surveys are 
found to strongly correlate with survival. The authors 
conclude that these factors can aid in the choice of pal-
liative treatment strategy (8). 

 EXTERNAL BEAM RADIOTHERAPY 

 The most common symptom requiring palliation in 
esophageal cancer patients is dysphagia. Often used to 
palliate malignant dysphagia, EBRT has distinct advan-
tages and disadvantages in comparison to other strate-
gies. In a majority of patients, EBRT alone can provide 

effective palliation and can achieve durable responses 
often lasting many months. Palliation of dysphagia is 
achieved in 55% to 89% of patients treated with EBRT 
alone (Table 91.1). In contrast to many other pallia-
tive approaches, which often provide a short duration 
of relief and require repeated interventions (reviewed 
in 9), reports of EBRT with (10–12) or without che-
motherapy (13–15) demonstrate median dysphagia-free 
intervals ranging from 5 to 11.5 months. Most patients 
(54%–67%) remain dysphagia free until death (10,13). 
Wara et al. reported on 103 patients who completed 
5,000 to 6,000 cGy in 25 to 30 fractions, with 89% 
having symptomatic improvement and almost all pa-
tients reporting an arrest of their previous symptom 
progression (15). The average duration of palliation 
was 6.0 months, and 66% of patients maintained relief 
for at least 2 months. The dysphagia usually improved 
near the end of therapy.   

 Palliation can be achieved with EBRT doses ranging 
from 30 Gy to 64 Gy and various fractionation schemes 
have been described (Table 91.1). The delivered dose is 
determined in part by the patient’s performance status 
and ability to tolerate EBRT. Two retrospective series 
have suggested a dose response for palliation of dyspha-
gia (13,16). Caspers et al. treated 127 patients with un-
resectable or incurable tumors with EBRT alone (13). 
They found a 70.5% improvement in dysphagia with 
54% of patients able to eat solids until death. The me-
dian overall survival and dysphagia-free interval were 
7.4 months and 7.5 months respectively. They found 
that patients treated to doses ≥ 50 Gy had improved 
overall survival (8.3 vs. 4.8 months) and dysphagia-free 
interval (8.3 vs. 2.5 months) in comparison to patients 
treated to less than 50 Gy. This improvement in  dysphagia-
free interval was not seen for patients with passage 
scores less than or equal to 1 (unable to tolerate liquids 
or unable to tolerate any oral intake), and the authors 
conclude that elevated EBRT doses may not be benefi -
cial to these patients. In another study, the percentage of 
patients able to tolerate oral intake of solids increased 
from 36% pretreatment to 68% with EBRT alone (16). 
Eighty-six percent of patients treated to doses > 45 Gy 
were able to tolerate solids in comparison to 55% of 
those receiving 45 Gy or less. The results of both studies 
should be interpreted with caution given their retrospec-
tive, nonrandomized nature. It is likely that healthier pa-
tients received more aggressive treatment, making these 
outcomes biased to some extent. 

 The treatment delivery technique for palliative 
EBRT is similar to that used in treatments with curative 
intent and is described in detail in preceding chapters. 
Briefl y, the target volume is a 5 cm longitudinal and 2 cm 
radial margin on the primary tumor and a 2 cm radial 
margin on regional or involved nodes. Target volumes 
and inclusion of regional or involved nodes should be 
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tailored depending on the patient’s symptoms, comor-
bidities, and performance status. Treatment is usually 
delivery using opposed AP/PA beams, followed by a 
boost utilizing obliqued fi elds that exclude the spinal 
cord after 45 Gy. 

 Disadvantages of EBRT in comparison to some 
other palliative strategies include long treatment dura-
tion, longer time to onset of symptom palliation, and 
increased risk of toxicity. Many fractionation schemes 
have been described attempting to reduce treatment 
duration for palliative patients. A recent phase I/II trial 
of 39 patients treated at Princess Margaret Hospital 
using accelerated fractionation radiotherapy (40 Gy/20 
fractions twice a day over 2 weeks) demonstrated a 
dysphagia response rate of 69% with a median re-
sponse duration of 5.5 months (14). As opposed to 
stenting, which can provide immediate symptom relief, 
EBRT can take 2 to 4 weeks to provide symptomatic 
response (10,14). With regard to toxicity, palliative 

EBRT can cause damage to any structure within the 
treatment fi eld and side effects are similar to those 
discussed for EBRT with curative intent. Structures 
at risk may include the esophagus, spinal cord, lungs, 
heart, stomach, liver, and brachial plexus amongst 
others. Special care should be taken during treatment 
planning to minimize as much as possible the toxicity 
to these structures. Unfortunately, EBRT can cause a 
worsening of dysphagia symptoms. Transient and self-
limited exacerbation of dysphagia due to esophagitis 
or peritumoral edema usually resolves shortly after 
treatment completion. Additionally, benign strictures 
can result from irradiation of esophageal cancers. 
O’Rourke et al. described a 30% incidence of benign 
stricture in a series of 80 patients treated with radia-
tion alone, which usually developed 4 to 6 weeks after 
therapy (17). In 25 patients treated with CRT, Coia 
et al. observed a 12% incidence of benign strictures 
that responded to endoscopic dilatation (10). 

TABLE 91.1
Palliation of Dysphagia with Radiotherapy or Chemoradiotherapy

Investigator # of patients Radiotherapy Chemotherapy
Palliation of 
dysphagia (%)

Langer (32) 44 50–60 Gy None 55%

Albertsson (16) 67 <45 Gy None 55% (solids p.o.)

43 >45 Gy None 86% (solids p.o.)

Wara (15) 169 50–60 Gy None 89%

Petrovich (33) 133 55 Gy None 52%

Kassam (14) 39 40 Gy/20 fx bid None 69%

Caspers (13) 127 Various None 70%

Izquierdo (11) 25 50–60 Gy CDDP/bleo (sequential) 64%

Whittington (34) 165 50–60 Gy 5-FU/MMC 87%

Kavanagh (35) 143 44–60 Gy CDDP/carbo/VP-16/5-FU 71%

Coia (10) 120 50–60 Gy 5-FU/MMC 88%

Urba (18) 27 40 Gy / 20 fx bid split course 5-FU/carbo 59%

Seitz (12) 122 15 Gy / 5 fx x 3 courses 
(45 Gy total)

CDDP/5-FU 80%

Kumar (5) 60 66 Gy None 73%

65 66 Gy CDDP 71%

Herskovic/Cooper (1) 62 64 Gy None 68%

67 50 Gy CDDP/5-FU 58%

Roussel (19) 73 56.2 Gy None 70%

77 56.2 Gy MTX 70%

Abbreviations: CDDP = Cisplatinum; 5-FU = 5-fluorouracil; MMC = Mitomycin-C; bleo = Bleomycin; carbo = Carboplatinum; 
MTX = Methotrexate; VP-16 = Etoposide.
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 COMBINED MODALITY TREATMENT: 
CHEMORADIOTHERAPY 

 Combined modality CRT is commonly employed in the 
management of patients. The role of CRT in the pal-
liative setting is less clear. Aggressive radiotherapy and 
concurrent chemotherapy potentially increase morbid-
ity in patients with incurable disease and a limited life 
span, but may offer a more effective means of palli-
ation. Palliation of dysphagia is achieved in 59% to 
88% of patients treated with CRT (Table 91.1). Coia 
et al. evaluated the swallowing function in 120 patients 
receiving mitomycin-C, 5-fl uorouracil, and radiother-
apy (10). Improvement in dysphagia was reported in 
88%, with 67% remaining palliated until the time of 
death. Urba et al. reported that 59% of patients receiv-
ing chemotherapy and split course radiation therapy 
were able to achieve durable relief of their dysphagia 
symptoms (18). 

 RTOG 85–01, a randomized trial of defi nitive 
CRT versus EBRT, demonstrates an improvement in 
5-year survival for patients treated with CRT (26% vs. 
0%) (1). How these fi ndings can be applied to patients 
treated with palliative intent is a matter of debate. De-
spite the improvement in survival, CRT does not im-
prove the palliation of dysphagia in this study. Two 
other randomized studies comparing EBRT and CRT 
in patients treated with palliative intent report similar 
fi ndings (5,19). In a recently published trial from India, 
125 unresectable patients were randomized to receive 
EBRT (66 Gy / 33 fractions) alone or with concurrent 
weekly cisplatin. The authors report an improvement 
in median and 5-year overall survival (7.1 months vs. 
13.4 months and 13.7% vs. 24.8%, respectively) but 
no signifi cant difference in dysphagia relief (73% vs. 
71%) (5). In a randomized trial of 150 palliative pa-
tients treated with EBRT (56.25 Gy / 18 fractions) with 
or without concurrent methotrexate, Roussel et al. (19) 
detected no difference in median survival (8–9 months) 
or dysphagia relief (70%). It should be noted that meth-
otrexate is not commonly employed as a fi rst-line agent 
in the modern-day management of esophageal cancer. 
A Cochrane Review published in 2008 examining com-
paring CRT with EBRT alone in the treatment of esoph-
ageal cancer only identifi ed 4 randomized studies that 
reported outcomes on dysphagia relief (20). They found 
no signifi cant difference in dysphagia relief between the 
2 treatment arms. It can thus be concluded that com-
bined modality treatment may improve survival but not 
dysphagia in comparison to EBRT alone in palliative 
esophageal cancer patients. Incurable patients can thus 
be offered CRT on the basis of improved survival if they 
are able to tolerate aggressive treatment with the under-
standing that it may exacerbate toxicity and provide no 
clear improvement of symptoms. 

 COMBINED MODALITY TREATMENT: 
RADIOTHERAPY AND OTHER 
PALLIATIVE INTERVENTIONS 

 Data comparing EBRT with other palliative modalities 
are relatively scarce. However, there are some studies 
examining EBRT in conjunction with or in contrast to 
other palliative modalities. Wong and colleagues pub-
lished a case control study of patients with locally ad-
vanced or metastatic esophageal squamous cell cancer 
treated with CRT (36 patients) or endoscopic stenting 
(36 patients). The groups were well matched in regard 
to demographics, pretreatment dysphagia score, comor-
bidities, and tumor characteristics. Not surprisingly, pa-
tients receiving CRT had superior median (10.8 vs. 4.0 
months) and 5-year survivals (15% vs. 0%). Addition-
ally, only 22% of patients treated with CRT required 
salvage stenting as compared to 100% of patients 
treated initially with stenting. The authors suggest that 
in the palliative setting CRT provides superior survival 
and prolonged dysphagia palliation in comparison to 
stenting alone (21). Until a randomized trial addressing 
this question is performed, the results of this case con-
trol study with a small sample size should be interpreted 
cautiously. 

 The RTOG conducted a phase I/II study of CRT 
with an esophageal brachytherapy boost in 49 poten-
tially curable patients (22). Patients received EBRT (50 
Gy/25 fractions) with concurrent 5-fl uorouracil and cis-
platinum, followed by a brachytherapy boost 2 weeks 
later. The brachytherapy boost was delivered using high-
dose rate (15 Gy/3 fractions) or low-dose rate (20 Gy/1 
fraction). Patients survived a median of 11 months but 
there was a signifi cant amount of treatment-related tox-
icity including 24% grade 4 toxicity, 12% fi stula forma-
tion, and 10% treatment-related toxicity. A subsequent 
analysis found that 59% of patients had improved swal-
lowing function (23). Given the toxicity of this strategy, 
it is not widely used in curative or palliative settings and 
the use of CRT or brachytherapy alone is much more 
common. 

 A retrospective review from Austria examined 
inoperable patients treated with radiotherapy (brachy-
therapy and/or EBRT) and/or photodynamic therapy 
(PDT) (24). Forty-four patients received combined mo-
dality therapy and 75 received radiotherapy alone. All 
patients had an improvement in dysphagia. The median 
survival for the entire cohort was 7.7 months and the 
rate of major complications was 9.2%. Survival by 
treatment groups was 5.6 months for brachytherapy 
alone, 7.7 months for brachytherapy and EBRT, 6.3 
months for PDT and brachytherapy, and 13 months for 
brachytherapy and EBRT and PDT. Analysis of vari-
ance demonstrated a signifi cant improvement for EBRT 
( P  = 0.0001) and PDT ( P  = 0.0129). 
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 A randomized prospective trial from India com-
pared EBRT (55–65 Gy) and endoscopic dilatation/ 
intubation versus endoscopic dilatation/intubation alone 
in 104 patients with stage III or IV disease (25). They 
found that EBRT improves both median survival (7 vs. 
3 months) and quality of life as measured by Eastern Co-
operative Oncology Group (ECOG)  , dysphagia, weight, 
and several other parameters. 

 Although no defi nitive conclusions can be drawn 
from these studies, they do provide precedence for com-
bining EBRT or CRT with other palliative modalities 
and provide warning that any added effi cacy of com-
bined modality strategies may come at the expense of 
increased toxicity. Further study is needed to determine 
the safety and appropriateness of these combined mo-
dality treatment strategies. 

 TRACHEOESOPHAGEAL FISTULA 

 The development of a malignant fi stulous tract between 
the esophagus and airway (trachea or bronchus) is 
relatively common because of the anatomic proximity 
of these 2 structures. Involvement of the trachea with 
tumor can lead to fi stula formation during radiation be-
cause of necrosis of the tumor or natural disease progres-
sion. Some literature suggests that in cases of malignant 
fi stula between the esophagus and the airway, treatment 
with radiation should be discontinued. In general, exci-
sion, bypass, stenting, or intubation have been recom-
mended in an attempt to prevent further contamination 
of the airway and provide palliation (26). 

 Many oncologists accept that irradiation of a fi s-
tula worsens the condition because healing may be 
compromised by radiation. However, for patients who 
require palliation of a fi stula but are otherwise curative 
candidates, the short survival conferred by supportive 
measures alone may be inappropriate. Survival follow-
ing these limited measures can be as brief as 6 to 10 
weeks with the procedures themselves resulting in a 
mortality rate of 10% to 32% (27). Burt et al. found the 
survival for patients with an untreated fi stulous tract to 
be 4% at 6 months and 1% at 1 year versus 15% and 
5% respectively if treated with irradiation (28). Yamada 
et al. reported on 14 patients with malignant fi stulae 
treated with EBRT. Closure of the fi stula occurred in 5 
of 8 patients whose fi stulae developed before or during 
radiation (29). A report from Mayo Clinic on 10 patients 
with fi stulae treated with radiation observed a median 
survival of 4.8 months (30). They did not observe fi stula 
exacerbation with EBRT. There are also some data for 
the safe use of chemotherapy and/or radiation in man-
aging patients with a tracheoesophageal fi stula. Malik 
et al. observed closure of the fi stulae in 2 patients treated 
with chemoradiation and concluded that the presence 

of a fi stula should not exclude a patient from receiving 
combined modality therapy (31). 

 At present, it is diffi cult to determine whether ag-
gressive combined modality therapy will increase treat-
ment-related morbidity in patients who present with 
airway/esophageal fi stulae or develop them shortly after 
starting therapy. Palliation of a fi stula in a patient treated 
with curative intent should include EBRT. Once the di-
agnosis of a fi stulous tract into the airway is documented 
and the process is stabilized, we recommend proceeding 
with planned curative therapy for selected patients with 
localized disease. In patients who are incurable, pallia-
tion with surgery, expandable stents, or intubation may 
be more appropriate. 

 CONCLUSION 

 Many esophageal cancer patients present with advanced 
disease and/or poor performance status and are not 
candidates for curative treatment. The vast majority of 
patients are symptomatic from their disease and thus 
palliation is an important endpoint in the treatment of 
esophageal cancer. EBRT is effective and commonly em-
ployed for palliation of esophageal cancers. A number 
of other effective palliative modalities also exist. Contin-
ued advances in radiotherapy and other treatment mo-
dalities such as brachytherapy and endoscopic stenting 
will improve our ability to palliate patients with esopha-
geal cancer. It remains to be determined how targeted 
therapies such as erlotinib and trastuzumab might be 
employed in the palliative setting. 

 There is a relative paucity of prospective random-
ized data that compare the various palliative strategies. 
Further studies are needed to help defi ne which patients 
are most likely to benefi t from each of these palliative 
strategies and when combined modalities should be used 
for palliation. Although defi nitive guidelines cannot be 
established, the available data combined with clinical 
judgment can provide some general themes to help tailor 
palliative strategies to each individual patient. For pa-
tients who can tolerate aggressive treatment and have a 
reasonable life expectancy, EBRT appears to provide the 
longest survival and most durable relief of dysphagia. 
The addition of chemotherapy may improve survival but 
it is unclear if it improves palliation of dysphagia. Thus, 
a relatively healthy patient treated with palliative intent 
due to a small burden of metastatic disease and mild 
dysphagia may be a good candidate for EBRT or CRT. 
If the same patient were to present with complete ob-
struction, EBRT alone would be inappropriate, as it may 
take several weeks to relieve dysphagia. In this scenario, 
enteral nutrition with a percutaneous gastrostomy tube 
or an endoscopic procedure such as stenting would be 
more appropriate to provide immediate palliation and 
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then EBRT could be employed afterwards. For patients 
who have a poor performance status and cannot toler-
ate aggressive palliative measures, EBRT would be inap-
propriate and could promote a functional decline. Thus, 
with a proper assessment of the patient, their goals for 

treatment, and a thorough knowledge of the various 
palliative modalities available to achieve those goals, a 
palliative treatment strategy can be developed for each 
patient that can improve their quality of life and miti-
gate their symptoms. 
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  92  Molecular Outcome 
Prediction 

 Harry Yoon
Michael K. Gibson 

espite experimentation with numer-
ous cytotoxic agents and therapeutic 
approaches, despite improvements 
in diagnostic, surgical, and radia-
tion technique, the long-term out-

comes of patients with esophageal cancer remain poor 
and have improved only modestly in the last few decades. 
Moreover, the current standard approaches, which com-
monly involve a combination of surgery, chemotherapy, 
and radiation, cause considerable toxicity in the vast ma-
jority of patients. They are given empirically, with little 
foreknowledge of outcome. One method to improve out-
comes in esophageal cancer is to select patients who are 
most likely to respond well to a particular therapeutic 
approach or agent. Such patient stratifi cation holds the 
potential for maximizing effi cacy and minimizing unnec-
essary toxicity. 

 Current methods of patient stratifi cation—e.g., 
tumor grade, lymph node status, and other clinico-
pathologic traits—provide virtually no help in fore-
casting the effi cacy of a particular therapy. Therefore, 
the identifi cation of biologic or molecular predictors 
is a rational next step. The pursuit of identifying such 
predictive markers in esophageal cancer, though in its 
infancy, has generated a substantial and growing body 
of literature. In this chapter, we will try to organize 
this research vis-à-vis the potential for a marker to be 
validated in a clinical trial, a necessary step if it is to 

affect the practical management of patients. With this 
in mind, we will: 

 1.  Discuss criteria for assessing markers and our ap-
proach to classifi cation 

 2.  Assess the literature on marker development in 
esophageal cancer 

 3.  Discuss some challenges of integrating markers into 
clinical trials 

 CRITERIA FOR MARKER ASSESSMENT 

 The study of outcome markers in esophageal cancer has 
yielded a considerable body of literature, which is help-
ful in understanding biologic mechanisms, but some-
what unwieldy when considering how to apply it to the 
clinic. What confounds accessibility and classifi cation of 
these data is the great variability across studies in overall 
design, outcome variables, laboratory methods, patient 
populations, and therapeutic approaches. This variabil-
ity in turn complicates any attempt to translate these 
fi ndings into the design of a prospective, potentially 
validating clinical trial—which, under current conven-
tion, is believed to be necessary before practical patient 
management is rationally altered. 

 Outcome markers may be assessed by many axes 
(e.g., lab method, study population demographics, 

 D
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 histopathology, therapeutic approach, and promise as a 
therapeutic target), but three key axes may be less intui-
tive (Table 92.1):     

 1.  Whether the marker has  predictive vs. prognostic  
value (1). Prognostic and predictive markers differ 
based on their association with therapy. A marker is 
 prognostic  if it informs about outcome in the absence 
of systemic therapy or, if empiric therapy is given, 
portends an outcome different from that of patients 
who lack the marker. A simple example of a prog-
nostic marker is cancer stage. On the other hand, a 
marker is  predictive  if it predicts the differential ef-
fi cacy of a particular therapy based on marker status. 
One marker can be predictive, prognostic, both, or 
neither. A strong predictive marker, whether related 
to a known therapeutic target (e.g., HER2/neu ampli-
fi cation by fl uorescence in situ hybridization [FISH]) 

or not, carries straightforward clinical implications 
and is therefore more helpful in patient management. 
On the other hand, the clinical implication of a prog-
nostic, non-predictive marker—as in most studies in 
our discussion—is less straightforward. It partly de-
pends on the effi cacy/toxicity profi les of current and 
alternative therapies (see below, “Integration Into 
Clinical Trials: Challenges”). 

 2.  The  timing  of marker ascertainment—that is, before 
the therapy under question is initiated (most molecu-
lar markers fall in this category) versus afterward (e.g., 
serially, such as fl uorodeoxyglucose (FDG  )-positron 
emission tomography [FDG-PET] scan or prostate-
specifi c antigen   [PSA]). Disadvantages of marker as-
certainment after the initiation of therapy include: (a) 
patients will have been subjected to toxic, potentially 
ineffective therapy before the marker is ascertained, 
(b) initial therapy (prior to marker ascertainment) 

TABLE 92.1
Three Axes by Which to Assess Outcome Markers

Axes Level Definition
Potential implication in 
patient management

Example (standard 
or experimental)

Type Predictive Forecasts differently 
based on which therapy 
is given

Implies a particular 
 therapeutic option

HER2/neu amplification 
by FISH in breast cancer 
implies administration of 
trastuzumab

Prognostic Forecasts differently 
based on presence 
vs.  absence of marker 
 (irrespective of therapy)

Depends on toxicity and 
efficacy of alternative 
therapy

13q deletion in multiple 
myeloma implies that 
 patient should not undergo 
bone marrow transplant

Timing of 
 ascertainment

Baseline Marker obtained at 
 diagnosis (often in 
pretreatment biopsy 
specimen)

Directs initial therapy HER2/neu by FISH

Serial Marker obtained in the 
course of management 
(e.g., serial biopsies)

Directs management after 
initial therapy or period, 
and may serve as an 
 outcome variable itself

•  FDG-PET with CT 
•  PSA 
•  CA 125

Outcome variable 
 (esophageal cancer)

pCR Absence of tumor in the 
surgical specimen after 
preoperative therapy

Informs choice of 
 preoperative therapy

NAa

PFS or OS Long-term outcome after 
curative neoadjuvant 
therapy and surgery

Informs choice of pre- or 
postoperative therapy

NAa

aIn esophageal cancer, no molecular marker has been posited so far as an outcome variable, though the potential conceivably exists, if 
serially ascertained, for those listed in Tables 92.2 or 92.3. Molecular markers ascertained before preoperative therapy could be assessed 
against pCR, PFS, or OS, and those ascertained afterward against PFS or OS.
Abbreviations: FISH = fluorescence in situ hybridization; pCR = complete pathologic response; PFS = progression-free survival; OS = overall 
survival; PSA = prostate-specific antigen.
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may theoretically render subsequent therapy less ef-
fective (e.g., drug resistance may increase, or a resect-
able tumor may become inoperable). 

 3.  The particular  outcome variable  by which a marker 
has been gauged. Ultimately, the incorporation of 
a particular marker should improve, or promise to 
improve, a clinically meaningful outcome. All-cause 
or cancer-related mortality has typically been used 
as the gold standard outcome variable, because it is 
meaningful, easily measured, and discrete. However, 
mortality may be infl uenced by many factors unre-
lated to therapy and, as a result, may be too insensi-
tive an outcome measure for assessing the value of 
a predictive marker. Therefore, complete pathologic 
response (pCR) rate in the setting of locally advanced 
esophageal cancer, repeatedly shown to correlate with 
long-term survival, may better refl ect the effi cacy of 
therapy. Some authors have suggested that pCR or 
overall survival may be used to gauge markers that 
are used to forecast the effi cacy of neoadjuvant or 
adjuvant therapy, respectively (2). 

 CLASSIFICATION OF OUTCOME MARKERS 

 Tables 92.2 and 92.3 describe recent scientifi c efforts 
to identify molecular markers that predict outcome in 
esophageal cancer. The tables differ from one another by 
the type of  therapy  administered to the study population: 
chemoradiation followed, in most cases, by surgical re-
section (Table 92.2) vs. surgery with or without adjuvant 
therapy (Table 92.3). This division refl ects the majority of 
outcome marker studies in esophageal cancer. We framed 
the information by treatment approach because, prior to 
a marker’s integration in a large validation trial, it would 
need to demonstrate promise in a similar therapeutic 
 setting. A marker that is predictive in one  therapeutic 
setting may not generalize to a different one.     

 In neoadjuvant studies (Table 92.2), the marker is as-
sessed at baseline (e.g., via the diagnostic biopsy specimen 
or blood) with the ultimate goal of tailoring neoadjuvant 
chemoradiation to an individual patient. Outcome vari-
ables specifi c to these studies are clinical response (com-
monly assessed radiographically or endoscopically) after 
chemoradiation and, if surgery occurred, the pCR rate. 
By contrast, in studies that use primary surgery followed 
by adjuvant treatment (Table 92.3), the marker is assessed 
at surgery (via the resection specimen or blood) and is 
 intended to determine if and what type of  chemotherapy 
should be given post operatively. Outcome variables used 
in these studies—i.e.,  progression-free survival or overall 
survival—are general and may be used to assess neoadju-
vant studies. 

 The neoadjuvant studies (Table 92.2) apply directly 
to the chemoradiotherapy followed by surgery, which is 

the dominant therapeutic approach in the United States. 
The studies using surgery upfront (Table 92.3) apply 
most closely to therapeutic settings where surgery is per-
formed fi rst or alone. However, one can argue they   also 
apply to the neoadjuvant paradigm, to infl uence post-
operative therapy, if the effects of neoadjuvant therapy 
minimally affect the marker. 

 Second, we emphasized the  lab method  used to as-
sess the marker. The importance of the lab method is 
illustrated in lung cancer, where substantial variations 
exist in predictive value, cost, and accessibility when as-
sessing epidermal growth factor receptor (EGFR  ) status 
by immunohistochemistry, mutational analysis, or gene 
copy number (3,4)—all of which affect the marker’s ulti-
mate relevance. Therefore, when discussing a marker, we 
will discuss it by a particular lab method whenever pos-
sible. In esophageal cancer, protein expression as evalu-
ated by immunohistochemistry (IHC  ) was most widely 
used in earlier studies, despite its shortcomings (e.g., 
semi-quantitative, limited by antibody sensitivity). More 
recently, other molecular techniques have been refi ned 
or developed, with increasing practical applicability to 
the clinic, such as gene expression of a particular factor 
(5–7), genotyping (8), methods to evaluate methylation 
status (9,10), micro arrays (11), and proteomics (12). 

 Third, we highlighted the  histopathology  of the 
study population. Squamous cell carcinoma and ad-
enocarcinoma, the 2 dominant histotypes, appear to be 
distinct clinically, associated with different patterns of 
risk, recurrence, and perhaps chemosensitivity. As a re-
sult, a marker may apply to one histotype, but not the 
other. The predominance of squamous cell carcinoma in 
Asian populations is refl ected in Asian outcome marker 
studies, whereas the dramatic rise of adenocarcinoma 
in the industrialized West is refl ected in recent Western 
studies. 

 By framing the discussion this way, we hope to clar-
ify the promise, and limitations, of marker development 
in esophageal cancer in its current state. Our approach 
has the drawback of de-emphasizing our understand-
ing of biologic pathways (Table 92.4), which are crucial 
to the development of markers and new therapies, but 
which are well described elsewhere (2).     

 REVIEW OF MARKERS AND LIMITS 
IN INVESTIGATION 

 In sum, no single marker or panel of markers has 
emerged as a strong candidate for predicting response 
or survival. Molecules related to apoptosis (Table 92.4), 
particularly p53 (which itself also affects DNA repair 
and cell cycle regulation), comprise one of the most 
scrutinized groups, in both neoadjuvant- and primary-
surgery settings. They have generally been inconsistent 
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in predicting therapeutic response or overall outcome 
(5,13–19), and have rarely been found to be indepen-
dently predictive in trimodality settings (20,21). 

 The abundance of null fi ndings may be related to 
the small sample sizes of most cohorts, which refl ect 
the low overall incidence of this cancer, even with the 
dramatic rise of adenocarcinoma. Small sample size 
not only leads to an underpowered study but, just as 
important, few attempts at replication. To reduce false 
negatives, we listed  P  values in the tables up to the alpha 
0.10 level. Furthermore, efforts at fi nding markers in the 
trimodality setting must use (small) pretreatment biopsy 
specimens, as opposed to in the adjuvant setting, where 
(large) resection specimens are used. The small size of 
tumors may make evaluation more diffi cult and, depend-
ing on the analytic method, small tumors may become 
depleted after only a few markers are evaluated. 

 Single Gene Approach 

 NF-kB 

 Nuclear factor-kB (NF-kB) is a transcription factor 
that responds to multiple cellular signaling pathways 
by regulating genes involved in cell survival. It is ac-
tive in the nucleus and sequestered in the cytoplasm in 
an inactive state through the binding of inhibitory kB. 
Physiologically, NF-kB activation is tightly regulated 
and rapid, initiated by stimuli such as infl ammatory 
cytokines, viruses, carcinogens, and DNA-damaging 
agents. Aberrant (i.e., constitutive) NF-kB activation 
has been associated with infl ammatory diseases and 
cancer. Through the activation of survival pathways, 

it suppresses apoptosis when cancer cells are exposed 
to radiotherapy or chemotherapy, thus contributing to 
resistance. Concomitantly, through the enhancement of 
migratory (e.g., Cox-2, CAM adhesion proteins), inva-
sive (e.g., matrix metalloproteinases), and proangiogenic 
(e.g., VEGF and Cox-2) properties, NF-kB contributes 
to metastatic progression. Protein expression of NF-kB 22  
(assessed by IHC) is one of the few markers whose in-
dependent contribution to prognosis has been replicated 
at least once (20,21). 

 One study (20) examined pre- or posttreatment 
specimens from 80 patients, mostly with adenocarci-
noma, treated with various regimens of preoperative 
chemoradiation (with or without induction chemother-
apy).  Immunohistochemical staining for activated NF-kB 
revealed that 7% (2 of 29) of patients with high expres-
sion levels had a pCR, compared to 43% (20 of 26) of 
patients with low expression levels ( P  = 0.006). NF-kB 
activation remained a substantial risk factor for worse 
overall survival in multivariate analysis (hazard ration 
[HR] 0.19,  P  = 0.007). 

 EGFR 

 Another promising marker is EGFR protein expres-
sion, which, in adenocarcinoma patients, has been in-
dependently linked to survival in both neoadjuvant 
and primary-surgery settings. This transmembrane pro-
tein tyrosine kinase growth factor receptor is mutated 
or overexpressed in many human tumors of epithelial 
origin, including head and neck, colorectal, pancreatic, 
lung, and esophageal cancers. In these tumors, overex-
pression is associated with more aggressive behavior and 
poor prognosis (23). 

 In one U.S. study in esophageal cancer of mostly 
adenocarcinoma patients (15), EGFR expression was 
assessed immunohistochemically using pretreatment 
tumors from 54 patients who underwent trimodality 
therapy with cisplatin and 5-fl uorouracil (5-FU). EGFR 
expression did not correlate with pCR. However, in-
creasing EGFR levels were associated with progressively 
worse overall survival after adjustment for covariates. 
Similar fi ndings were obtained in two other studies of 
adenocarcinoma patients, this time treated typically 
with surgical resection alone: the larger study (24) in-
cluded multivariate confi rmation, and the smaller, likely 
underpowered one (25), showed a median survival of 
35 months in EGFR-negative patients more than dou-
bled that of EGFR-positive patients ( P  = 0.10). Studies 
of squamous cell carcinoma patients have also linked 
EGFR expression with poor prognosis (26,27). 

 EGFR is an intriguing marker, partly because 
EGFR-directed drugs are increasingly available. These 
include the small molecules ZD1839 (Iressa) and OSI-774 

TABLE 92.4
Biologic Pathways Implicated in Esophageal Cancer

Pathway Molecules

Growth regulation EGFR, TGF-α, Her2/neu, 
Ki67

Cell cycle control p16, p21, cyclin D1

Apoptosis p53, Bcl-2, Bax, Bcl-X, 
NF-Kb, survivin

Angiogenesis VEGF, Cox-2, TP

Invasion and metastasis Cadherins, TIMP, MMP

DNA repair ERCC1, ERCC3, BRCA

Drug disposition p-glycoprotein,  thymidylate 
synthase, glutathione 
S-tranferase, DPD
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(Tarceva) and the monoclonal antibodies C225 (Erbitux) 
and panitumimab. However, whether such therapy im-
proves outcomes, in a way predicted by EGFR status or 
not, remains to be seen. 

 Multigene Approach 

 Earlier studies often relied on a candidate gene approach 
(i.e., testing one or a few genes at a time); however, with 
a growing appreciation of the complexity of interwoven 
molecular processes, investigators have increasingly ex-
amined the effect of cumulative alterations across mul-
tiple genes. This has been explored on a genetic, RNA, 
and epigenetic level. 

 Single-Nucleotide Polymorphisms 

 One of the largest studies to date in esophageal cancer 
patients who received trimodality therapy focused on 
single-nucleotide polymorphisms (SNPs) as potential 
predictors (8). SNPs are single-nucleotide variations be-
tween individuals that have been associated with cancer 
susceptibility and chemotherapeutic toxicity. The recent 
explosion of literature in pharmacogenetics suggests 
that genetic polymorphisms in genes involved in drug 
metabolism, drug targets, and DNA repair may contrib-
ute signifi cantly to the variability of drug response. Vari-
ant alleles have been associated with overall survival in 
patients with lung (28), colon (29), and head and neck 
(30) cancer. 

 For this study, specimens were taken from 210 
esophageal cancer patients (1985–2003) treated with 
 cisplatin- and 5-FU–based trimodality therapy. Genotyp-
ing was performed for pathways involved in cisplatin, 
5-FU, and radiation action, including those related to 
DNA repair and drug detoxifi cation. In the Cox propor-
tional hazards model, variant alleles in the  MTHFR  gene, 
involved in folate metabolism, were associated with sig-
nifi cantly improved survival (HR 0.56; 95% confi dence 
interval [CI], 0.35 to 0.89) in patients treated with 5-FU. 
The 3-year survival rates for patients with the variant 
genotypes and the wild genotypes were 65.26% and 
46.43%, respectively. Joint analysis of 5 polymorphisms 
in three 5-FU pathway genes showed a signifi cant trend 
for reduced recurrence risk and longer recurrence-free 
survival as the number of “adverse” alleles decreased 
( P  = 0.004). Overall, variant alleles were evidently con-
sidered “adverse” or “high risk,” unless analysis indi-
cated otherwise. For patients receiving platinum drugs, 
the  MDR1 C3435T  variant allele was associated with 
reduced recurrence risk (HR 0.25; 95% CI, 0.10 to 
0.64) and improved survival (HR 0.44; 95% CI, 0.23 
to 0.85). In nucleotide excision repair genes, there was a 
signifi cant trend for a decreasing risk of death with fewer 

high-risk alleles ( P  for trend = 0.0008). In base excision 
repair genes, the variant alleles of  XRCC1 Arg399Gln  
were associated with the absence of pathologic complete 
response (odds ratio 2.75; 95% CI, 1.14 to 6.12) and 
poor survival (HR 1.92; 95% CI, 1.00 to 3.72). 

 Methylation 

 A growing body of evidence indicates that abnormal 
methylation of DNA is an early event in carcinogene-
sis (31). Methylation of the promoter regions of tumor 
suppressor genes is commonly found in many human 
malignancies, including esophageal carcinoma. This 
methylation leads to the reduced expression of tumor 
suppressor genes, resulting in unchecked cellular growth, 
tissue invasion, angiogenesis, and metastases. Multiple 
studies have shown that promoter methylation of tumor 
suppressor genes underlies carcinogenesis. In addition, 
aberrant methylation of multiple genes correlates with 
prognosis of many cancers. One allure of methylation as 
a predictive marker is its potential as a target of demeth-
ylation therapies to sensitize tumors to chemotherapy 
and radiation. 

 In one retrospective study of patients who received 
trimodality therapy (10), promoter methylation patterns of 
11 candidate genes were examined in pretreatment tumor 
specimens (n = 35). The genes were selected according to 
their known ability to predict responsiveness to chemo-
radiation and prognosis, or their role in regulating the 
cell cycle. Somewhat higher than common rates of pCR, 
37% of surgical specimens in this cohort demonstrated 
complete absence of tumor. The number of methylated 
genes per patient was lower in patients who experienced 
a pCR than in those that did not (1.4 vs. 2.4 genes per 
patient;  P  = 0.026). The combined mean level of pro-
moter methylation of  p16, Reprimo, p57, p73, RUNX-3, 
CHFR, MGMT, TIMP-3,  and  HPP1  was also lower in 
responders than in nonresponders ( P  = 0.003). The fre-
quency (15% of responders vs. 64% of nonresponders; 
 P  = 0.01) and level (0.078 in responders vs. 0.313 in 
nonresponders;  P  = 0.037) of  Reprimo  methylation was 
signifi cantly lower in responders than in nonresponders. 
Similarly, a study of esophageal adenocarcinoma patients 
who received surgical resection alone found that pa-
tients whose tumors had 4 or more genes methylated in a 
7-gene profi le (APC, MGMT, p16, ER, E-cadherin, 
TIMP3, DAP-kinase) had poorer survival and earlier 
tumor recurrence compared to patients who did not (9). 

 Genome-Wide Approach 

 One disadvantage of looking at a few genes, or a 
few dozen along several pathways, is that an enor-
mous  number of potentially predictive markers may 
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be  overlooked. Therefore, some advocate the use of 
 genome-wide strategies to identify new pathways. In the 
only study to date linking gene expression profi les with 
treatment and outcome data in esophageal cancer pa-
tients receiving trimodality therapy, pretreatment endo-
scopic cancer biopsies were taken from 19 patients (16 
with adenocarcinoma, 2 with squamous cell carcinoma, 
and 1 with adenosquamous carcinoma) who were en-
rolled onto a preoperative chemoradiotherapy protocol 
(11). Patients received 2 cycles of induction chemother-
apy (docetaxel [33 mg/m2], irinotecan [55 mg/m2], and 
fl uorouracil [2 g/m2] infusion over 24 hours weekly for 
2 weeks, followed by 1 week off, in a 6-week cycle) fol-
lowed by concurrent radiotherapy (up to 50.4 Gy in 28 
fractions) and chemotherapy (docetaxel [20 mg/m2] IV 
bolus weekly, irinotecan [30 mg/m2] IV bolus weekly, 
and fl uorouracil [300mg/m2/24 hours] as continuous in-
fusion). This was followed by surgical resection. 

 Pretreatment cancer tissues were subjected to gene 
expression profi ling using an Affymetrix chip of 22,215 
non-control probe sets corresponding to > 18,400 dis-
tinct transcripts. Unsupervised hierarchic cluster analy-
sis segregated the cancers into 2 molecular subtypes, 
each consisting of 10 and 9 specimens, respectively. As 
it turned out, most cancers (5 of 6) that had pathologic 
complete response (pCR) clustered in molecular sub-
type I. Moreover, subtype II consisted almost entirely 
(with one exception) of cancers that had less than pCR 
(< pCR). Then, the investigators selected and performed 
RT-PCR on 3 genes ( PERP, S100A2,  and  SPRR3)  whose 
expression levels were among those which differed by 
> 2-fold between the 2 subtypes. PERP, a TP53 effec-
tor related to peripheral myelin protein 22, is involved 
in p53-dependent apoptosis. The  S100A2  gene encod-
ing a calcium-binding protein is considered a candidate 
tumor suppressor gene because of its underexpression in 
several cancers, including esophageal squamous cell car-
cinoma, in comparison with healthy epithelia. SPRR3, 
a proline-rich protein, comprises the cell envelope and 
is expressed in stratifi ed squamous epithelia during dif-
ferentiation. This gene has been identifi ed as a marker 
of esophageal cancer progression. Expression levels of 
these genes allowed discrimination of pCR from < pCR 
with high sensitivity and specifi city (85%). 

 The study is limited, given the small sample size, 
and needs validation. However, it illustrates the poten-
tial for identifying markers that are “off our radar,” so 
to speak, but which may help distinguish cancers that 
are sensitive vs. resistant to therapy. 

 Serial Ascertainment 

 Tables 92.2 and 92.3 generally include markers that 
under current frameworks are ascertained once, before 

therapy is initiated, but eventually some of them can the-
oretically be obtained serially (e.g., by repeat biopsy or 
blood draw) during the course of therapy as well. Serial 
markers have a dual purpose: (a) forecasting outcomes, 
and (b) assessing disease status. 

 A gross example of a serial marker is a CT scan. 
Tumors that regress on CT are more likely to respond 
to further therapy than those that have not regressed. In 
addition, CT scans assess current disease burden. These 
serial markers, which compare a follow-up image with a 
baseline image, can also be used to stratify patients for 
further therapy. 

 An antiquated version of the CT scan, the barium 
esophagram, was used to stratify patients in a trial of 
squamous cell carcinoma patients who had received 
cisplatin and 5-FU concurrent with radiation (32). This 
study illustrates the use of delayed ascertainment. Be-
cause imaging is less invasive and does not require the 
standardization of new assays, it may be more easily in-
corporated into the clinic. Patients who demonstrated 
< 30% response on a restaging esophagram or had 
unimproved dysphagia were removed from the study. 
The remaining patients, the responders, were random-
ized to surgical resection or to further chemoradiation. 
Overall survival did not differ between the groups, sug-
gesting that surgery does not add benefi t to chemora-
diation in patients with locally advanced esophageal 
squamous cell carcinoma who have responded to initial 
chemoradiotherapy. 

 INTEGRATION INTO CLINICAL TRIALS: 
CHALLENGES 

 Any marker that is rationally integrated into clinical 
practice should be, if feasible, validated in a prospective 
trial. By “validation,” we do not simply mean  replica-
tion  in another retrospective study, which is important; 
a prospective trial should be designed, at least in part, 
to establish the role of the marker in patient manage-
ment. There are numerous options for trial designs; and 
patient management may or may not be affected by the 
marker (1). One example in which the marker affects 
management was performed by the Spanish Lung Can-
cer Group, using ERCC1 mRNA levels as a means of 
stratifying non-small cell lung cancer patients (stage IIIB 
or IV). Patients randomized to the control arm received 
a cisplatin doublet, whereas patients randomized to the 
experimental arm received a cisplatin doublet if they had 
low levels of ERCC1 mRNA and a gemcitabine doublet 
if they had high levels of ERCC1 mRNA. The study has 
yielded promising preliminary results (33). 

 Perhaps the greatest challenge in performing tri-
als intended to validate markers is the large sample 
size required. Estimated sample sizes depend on several 
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 factors, one of which is the anticipated treatment effect 
of the marker. Samples sizes must be in the range of a 
few thousand patients for a marker that predicts mod-
est differences in outcome in 1 treatment (perhaps the 
most likely scenario) or a few hundred patients for a 
marker that predicts large differences in 2 competing 
treatments (1). The most simple explanation for the sub-
stantial sample size requirement is that these trials, in 
essence, incorporate planned  subgroup  analyses—with 
each subgroup representing 1 level of a marker for a spe-
cifi c treatment. Depending on the predictive traits of the 
marker, this requirement poses substantial challenges in 
esophageal cancer, which has an annual incidence in the 
United States of roughly 15,000 (34). Indeed, that the 
largest trial conducted in the United States enrolled only 
440 patients (35) may suggest this requirement is insur-
mountable unless the marker is strongly predictive. 

 Our goal, of course, is to develop markers—or a 
panel of markers—with strong predictive effects across 
multiple treatments. If we are unable to identify such 
markers, our options are limited. One, we may need 
to rely on smaller trials that yield prognostic, not pre-
dictive, information, as we have been doing thus far, 
with one possible exception. While prognostic markers 
may be important in patient counseling, their impact 
on therapy is not straightforward; therefore, it would 
be reasonable for validation studies to focus on iden-
tifying predictive markers. The multitude of retrospec-
tive studies described above yielded prognostic data at 
best, because a given marker was not assessed across 
differing therapies. That is, within each study, patients 
received largely uniform treatment. As a result, even if 
a clearly negative prognostic marker emerges through 
further scientifi c inquiry, we would theoretically still be 
in the dark—when confronted with the patient in clinic 
who possesses the marker—on whether an alternative 
therapy would fare any better. An exception may be if a 
marker is able to identify those patients who will do un-
usually poorly under conventional therapy; NF-kB may 

be an example. An alternative treatment can be deliv-
ered instead, with the grim understanding that it could 
not do worse. 

 A second option, suggested elsewhere (36), is to 
develop pathway-based molecular signatures by using, 
for example, DNA microarray data to identify activated 
pathways. These signatures may ultimately permit us 
to classify cancers irrespective of their site of origin. 
Ultimately, a drug developed for breast or colon can-
cer, which targets a specifi c pathway signature, may be 
equally effective against a less common cancer having 
the same signature. 

 A third option, of course, is continue our empiric 
approach, emphasizing increased cooperation between 
investigators for performing clinical trials, in the hope 
that our growing understanding of tumor biology will 
lead iteratively to more effective drugs. 

 SUMMARY 

 A somewhat nascent approach to improving outcome in 
esophageal cancer, especially in adenocarcinoma, is to 
identify molecular markers that stratify patients by their 
likelihood of success with a particular therapy. As we re-
viewed markers that have been studied, we focused on their 
current potential for integration into a validation clinical 
trial. To date, no single marker or panel of markers has 
emerged as a strong candidate, but some are promising. 
Rather than investigating candidate genes, assessing the 
cumulative effect of many pathways may prove to be more 
effective in forecasting outcomes. One interest in the fi eld 
is a genome-wide approach, both to identify unexplored 
markers and to develop molecular signatures by which to 
subtype cancers. The main challenge to marker develop-
ment in esophageal cancer is the requirement for large 
sample sizes in validation trials. Methods for confronting 
this barrier in this uncommon disease include pragmatism, 
increased cooperation, and upturning paradigms. 
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 as salvage esophagectomy complication, 475 
 types of, 532 

 Anastomotic stricture 
 etiology of, 664 
 quality of life with, 675 
 treatment of, 665 

 Anatomic imaging, 167 
 Anatomy, esophagus 

 arteries in, 17 
 cervical, 617 – 618 
 landmarks in, 11 – 12 

 Anemia 
 before esophagectomy, 639 
 as sequelae, 515 

 Anesthesia.  See also  Thoracic epidural anesthesia 
 administration of, 516 
 agents for, 516 
 bleeding and, 519 
 care afte r, 519 – 520 
 comorbidities with, 512 
 emergence fr om, 519 – 520 
 evaluation prior to, 511 – 512 
 general considerations for, 511 
 with GERD, 513 
 induction of, 513, 516 – 517 
 for Ivor-Lewis esophagectomy, 561 
 maintenance phase of, 517 – 519 
 monitoring of, 515 – 516 
 mortality from, 519 
 plan for, 512 
 pulmonary morbidity with, 518 – 519 
 safety advances with, 511 

 Anesthetic as sessment, 501 – 502 
 Aneuploidy 

 abnormal proliferative capacity refl ected by, 58 
 BE with, 31 

 Angiocentric lymphoma, 352 
 Angiogenesis 

 dysregulation of, 428 
 enzymes of, 224 
 pathways implicated in, 778 

 Angioimmunoblastic T-cell lymphoma, 352 
 Angiolipoma, presentation of, 495 
 Angioplasty, 500 
 Animal models, 61 

 experimental methods with, 62 – 63 
 future research on, 66 
 species selection for, 61 – 62 

 Anisoperistaltic gr aft, 542 – 544 
 Anorexia, 481, 708, 711 
 Anthracycline, as emetogenic agent, 652 
 Antibiotics 

 characteristics of, 248 – 249 

Alcohol use (continued )
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 indications for, 501 
 postoperative, 644 

 Anticoagulants, 521 
 Anticoagulation, 645 
 Anticonvulsants, 515 
 Antidepressants, pain management with, 716 – 717 
 Antihistamines, as antiemetic agents, 653 
 Antimetabolite, mechanisms of, 424 
 Anvil, 570 

 closure of, 527 
 insertion of, 526 

 Anxiety, assessment of, 708, 712 
 Anxiolytics, 516 
 Aortic arch, transection above, 609 
 APC.  See  Argon plasma coagulation 
 Apoptosis 

 activation of, 31 
 avoidance of, 57 – 58 
 genes involved in, 244 
 pathways implicated in, 31, 778 
 sheltering from, 245 

 Appetite loss, among survivors, 673 
 Aprepitant, as antiemetic agents, 652 – 653 
 ARDS.  See  Acute respiratory distress syndrome 
 Arginine, benefi ts of, 485 
 Argon plasma coagulation (APC) 

 advantages/disadvantages of, 459 
 BE treatment with, 443 
 clinical results of, 443 
 complications with, 456 
 dysphagia treatment with, 742 – 744 
 HGD treatment with, 456 – 457 
 large area treatment with, 436 
 mechanisms of, 441 – 442 
 metastatic disease treatment with, 357 
 technique with, 442 

 Arrhythmias 
 from cysts, 324 
 prevention of, 642 – 643 
 reduction of, 640 

 Arterial ring, 536 
 Asphyxiation, from polyp regurgitation, 321 
 Aspiration.  See also  Fine-needle aspiration 

 frequency of, 513 
 as stent complication, 730 

 Aspirin 
 cardioprotective effects of, 89 
 COX inhibition with, 87 – 88 
 with PPI, 89 
 risk reduction from, 110 

 Ataxia, hypercalcemia with, 515 
 Atelectasis 

 as Ivor Lewis complication, 572 
 as surgical complication, 640 

 Atkinson tubes, 726 

 Atresia, esophageal, 5, 8 
 Atrial fi brillation 

 as common complication, 661 
 persistent, 642 

 Atropine, anesthesia with, 516 
 Auerbach’s plexus, 25 
 Autofl uorescence imaging (AFI), of BE, 147 – 148, 435 
 Autoimmune defi ciency syndrome (AIDS), 

tumors with, 163 
 Autonomous nervous system, 6 
 Autosonic coagulating shears, 555 
 Azygos veins, 18 

 Babcock forceps, 526 
 Backfl ow, 12 
 Bad news, breaking, 703 
 Balfour self-retractable system, 562, 602 
 Balloon catheter, 455 
 Balloon dilation, metastatic disease treatment 

with, 357 
 Barium contrast, 392 
 Barium swallow 

 diagnosis with, 303 
 modifi ed, 661 

 Barrett’s adenocarcinoma, in surgical specimens, 
339 – 340 

 Barrett’s esophagus (BE) 
 AFI of, 147 – 148, 435 
 aneuploidy with, 31 
 biopsy, 434 
 CDK inhibitors in, 56 – 57 
 CDX2 expression in, 50 
 cell cycle in, 56 
 chemoprevention of, 82 
 classifi cation of, 117 

 Paris, 434 
 Vienna, 435 

 cure for , 443 – 444 
 defi nition of, 47, 69 
 development of, 33 
 diagnosis of, 70, 74 
 dysplasia grading in, 70 
 EAC with, 337 – 340 
 epithelial history of, 48 
 EUS in, 158 – 160 
 follow-up of, 119 
 GERD and, 29 
 HGD in, 53 
 histological aspects of, 115 – 116 
 histopathological evaluation of, 435 
  H. pylori  with, 134 
 imaging of, 434 – 435 
 incidence of, 73 
 low-grade dysplasia in, 458 – 459 
 molecular alterations, classifi cation of, 55 
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 non-dysplastic, 434 
 pathogenesis of, 48 – 51 
 phenotype signals in, 56 
 as premalignant condition, 434 
 prevalence of, 115 – 116, 434 
 proliferation in, 56 
 risk factors for, 70 
 risk from, 89 
 risk populations with, 69, 78 
 screening for, 69 

 cost-effectiveness of, 74 – 75 
 limitations of, 70 
 targeted, 78 

 surveillance of, 70, 159 
 cost-effectiveness of, 75 – 77 
 limitations of, 71 

 survival rate of, 73 
 treatment of 

 APC for, 443 
 endoscopic therapy for, 433 – 434, 436 
 PDT for, 437 
 RFA for, 445 
 SRES as , 443 – 445 

 Barrett’s glands, foci of, 433 
 Barrett’s metaplasia 

 carcinogenesis in, 346 
 molecular alterations in, 29 – 30 

 Barrett’s mucosa, differential diagnosis of, 308 
 Basaloid squamous cell carcinoma 

 differential diagnosis of, 342 
 gross characteristics of, 333 

 B-cell neoplasms, 352 
 Bcl-2, overexpression of, 245 
 BE.  See  Barrett’s esophagus 
 Benign tumor 

 epithelial, 161 
 incidence of, 491 
 management of, 491 
 nonepithelial, 163 – 165 
 other, 495 

 Benzodiazepines, as antiemetic agents, 653 
 Bereavement model, 694 
 Beta blockers, 642, 661 
 Bevacizumab 

 characteristics of, 262 – 263 
 mechanisms of, 429 

 BFI.  See  Brief Fatigue Inventory 
 Bile acids 

 cancer promotion by, 86 
 intestinalization from, 51 
 unconjugated, 86 

 Bile refl ux 
 chemical control of, 86 – 87 
 treatment of, 664 

 Biological agents, role of, 223 – 225 
 Biology, esophageal cancer’s, 220 – 221 
 Biomarkers, prognostic, 32 
 Biopsy 

 of BE, 434 
 core, 162 
 endoscopic forceps, 153 
 FNA with, 187 
 before resection, 549 
 of SCC, 334 

 Bleeding 
 anesthesia and, 519 
 as APC complication, 456 
 as THE complication, 579 
 with leiomyoma, 316 
 perioperative, 512 
 risk of, 639 
 as stent complication, 730 

 Blind dissection, near heart, 518 
 Blood pressure, monitoring of, 515 
 Blood transfusion 

 allogeneic, 640 
 postoperative, 639 – 640 
 risks of, 515 

 Blunt fi nger dissection, 619 
 BMI.  See  Body mass index 
 Body mass index (BMI) 

 adenocarcinoma with, 109 – 110 
 low, 481 
 in obesity’s defi nition, 121 
 SCC with, 109 

 Boerhaave’s syndrome, 12 
 Boggy stomach, 280 
 Bone marrow suppression, 639 
 Botox injection, 664 
 Bougienage, stenosis management with, 443 
 Bowel lumen anchor, 528 
 Brachytherapy 

 dose for , 750 – 751 
 effi cacy of, 748 – 749 
 fractionation of, 750 
 metastatic disease treatment with, 358 
 palliative, 478, 747 
 technique of, 749 – 750 

 Breast cancer 
 metastases of, 356 
 screening’s cost-effectiveness, 77 

 Brief Fatigue Inventory (BFI), 708 
 Brief Symptom Inventory, 708 
 Bronchial bloc ker, 517 – 518 
 Bronchoalveolar lavage, 656 
 Bronchodilators, indications for, 501 
 Bronchogenic cysts 

 development of, 327 
 diagnosis of, 328 

Barrett’s esophagus (continued )
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 excision of, 328 
 incidence of, 327 

 Bronchoscope, fi ber-optic, 517 
 Bryostatin-1, characteristics of, 264 
 Bulldog clamps, 542 
 Buprenorphine, palliation with, 718 
 Buried Barrett’s, 441, 443 
 Buried glands, 454 
 Burkitt’s lymphoma, 352 
 Butorphanol, palliation with, 718 

 Cachexia, 483, 708, 711 
 Cadherin, invasiveness of, 31 
 CAGE questionnaire, 708, 712 
 Caloric requirements, 483 
 CAM.  See  Confusion Assessment Method 
 Camphorated tincture of opium, as antidiarrheal, 653 
 Cancer Cachexia Symptom Cluster Composite 

Score (CCSCCS), 708 
 Cancer Dyspnea Scale (CDS), 708 
 Canine models, 62, 66 
 Cannabinoids, as antiemetic agents, 652 
 Capecitabine, effi cacy studies on, 374 
 Capnography, monitoring with, 515 
 Carbohydrate loads, avoidance of, 664 
 Carboplatin 

 characteristics of, 247 – 248 
 effi cacy studies on, 374 
 in neoadjuvant setting, 420 

 Carboxyhemoglobin levels, cigarette smoke’s 
infl uence on, 512 

 Carcinogenesis, chemoprevention of, 83 – 86 
 Carcinosarcoma 

 diagnosis of, 348 
 gross characteristics of, 333 
 growths of, 160 

 Cardiac complications, quality of life with, 675 
 Cardiac disease 

 assessment of, 592 
 prevalence of, 514 

 Cardiac intestinal metaplasia (CIM), 48 
 Cardiac mucosa, 47, 50 
 Cardiac output, 518 
 Cardiac type glands, 115 
 Cardiectomy, on animal models, 63 
 Cardiopulmonary function assessment, 500 
 Caregiver distress, assessment of, 708, 712 – 713 
 Carotid disease screening, cost-effectiveness of, 77 
 Caspase.  See  Cysteine aspartate-specifi c proteases 
 Catabolic hormone levels, 481 
 Catheter placement, in MIE, 557 
 Catheter ultrasound, 155, 158 
 Cats, as animal models, 62 
 Caudal type homeobox transcription factor 2 (CDX2), 

expression of, 50 

 CCSCCS.  See  Cancer Cachexia Symptom Cluster 
Composite Score 

 CDK inhibitors, in BE, 56 – 57 
 CDS.  See  Cancer Dyspnea Scale 
 CDX2.  See  Caudal type homeobox transcription 

factor 2 
 Celecoxib 

 long-term effects of, 88 
 trials on, 264 

 Celestin tubes, 726 
 Celiac lymphadenopathy (CLN), as survival 

predictor, 186 
 Celiac nodes, 210 
 Cell cycle 

 in BE, 56 
 dysregulation of, 428 
 in EAC, 31 
 pathways implicated in, 778 
 polymorphisms in, 98 
 regulators as novel target, 224 

 Cell migration, dysregulation of, 428 
 Cell, oxygen’s effect on, 272 
 Cell surface receptors, discovery of, 428 
 Cell to cell adhesion genes, 58 
 Cervical cancer screening, cost-effectiveness of, 77 
 Cervical esophagus, 11, 14, 617 – 618 
 Cervical leaks, 532, 667 
 Cervical nodal fi elds, 593 
 Cervical recurrence, isolated, 587 
 Cervical stricture, 733 
 Cervical supercharge, 544 
 Cervicothoracic esophageal cancer 

 clinical presentation of, 618 
 incisions for, 620 
 operative techniques for, 619 
 postoperative management after, 622 
 preoperative assessment of, 618 – 619 
 reconstruction with, 621 – 622 
 resection of, 617, 619 – 621 
 results with, 623 
 staging of, 618 

 Cetuximab 
 characteristics of, 258 – 259 
 mechanisms of, 429 
 studies of, 428 – 429 

 Chemical coping, assessment of, 712 
 Chemoprevention 

 of BE, 82 
 defi nition of, 81 
 of EAC , 82 – 83 

 Chemoradiation 
 altered fractionation in, 427 
 recurrence after, 475 
 response to, 171 
 surgery with, 466 – 468 
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 Chemoradiotherapy.  See also  Defi nitive 
chemoradiotherapy 

 for anal cancer, 424 
 biologic rationale for, 423 – 424 
 of GEJ , 238 – 239 
 for lung cancer, 424 
 multi-institutional randomized data on, 425 – 427 
 neoadjuvant, 222 – 223, 383 – 384 
 new regimens for, 386 – 387 
 palliation with, 765 – 766 
 preoperative, 466 – 468 
 quality of life with, 675 – 678 
 radiotherapy  vs. , 404 – 405 
 recurrence after, 475 
 single institution clinical data on, 424 – 425 
 surgery alone  vs. , 404 
 surgery with, 234 – 235, 372, 386 
 trials of, phase III, 384 – 386, 467 
 trimodality therapy  vs. , 427 – 428 

 Chemotherapy 
 of advanced disease, 221 
 agents in, 247 – 249 
 alone, 236, 250 
 combination, 246 
 complications, 656 
 defi nitive , 235 – 236 
 dose intensity for, 246 – 247 
 in dysphagia palliation, 732 – 733 
 future of, 250 – 251 
 of GEJ, 238 
 for incurable esophageal cancers, 249 
 induction, 428 
 laser therapy  vs. , 742 
 for locoregional disease, 464 
 nausea and vomiting induced by, 651 
 neoadjuvant, 221 – 222, 236 – 237, 249 – 250, 381 – 382 
 palliative, 379 – 381 
 PET-guided induction, 223 
 postoperative adjuvant therapy with, 249 
 radiotherapy  vs. , 236, 403 – 404 
 recurrence rates after, 683 
 for recurrent esophageal cancer, 476 – 477 
 resistance to, 244 
 sensitivity to, 244 
 surgery  vs. , 232 – 233 
 surgery with, 250, 371 
 targeted agents in, 243 
 theory of, 243 – 244 
 trials on, 382 

 Chest 
 exposure of, 605 – 606 
 incision, 603 
 in MI E, 554 – 555 
 resectability assessment with, 602 – 603 
 X-ray, postoperative, 645 

 Chest pain 
 as APC complication, 456 
 assessment of, 500 
 cost-effectiveness evaluation of, 77 
 as PDT complication, 454 
 as stent complication, 730 

 Chest tube, drainage with, 643 
 Cholecystectomy, open  vs.  closed, 553 
 Cholesterol deposit, differential diagnosis of, 308 
 Chondrosarcoma, diagnosis of, 348 
 Choo stent, characteristics of, 727 
 Choriocarcinoma, 162, 246 
 Chromoendoscopy 

 of BE, 435 
 method of, 146 

 Chronic acid suppressive therapy, 85 
 Chronic obstructive pulmonary disease (COPD), 

arrhythmias with, 642 
 Chronic Respiratory Questionnaire (CRQ), 708 
 Chyle, characteristics of, 662 – 663 
 Chylothorax 

 as THE complication, 579 – 580 
 after esophagectomy, 662 
 as salvage esophagectomy complication, 475 
 as surgical complication, 640 

 CIM.  See  Cardiac intestinal metaplasia 
 Cirrhosis 

 causative factors of, 485 
 perioperative bleeding with, 512 

 Cisapride, for delayed gastric emptying, 664 
 Cis-atracurium, anesthesia with, 516 
 Cisplatin 

 characteristics of, 247 – 248 
 effi cacy studies on, 373 
 as emetogenic agent, 651, 653 
 mechanisms of, 424 
 side effects of, 703 

 Cisternae chylae, 663 
 Cleft.  See  Laryngotracheoesophageal cleft 
 Clinical target volume (CTV), planning with, 

273 – 274 
 CLN.  See  Celiac lymphadenopathy 
 C-met, as novel target, 264 
 Coagulation disorders, 515 
 Coagulation factor defi ciencies, 512 
 Coagulum, 442 
 Codeine, palliation with, 717 
 Coincidental gamma camera, 204 
 Collar neck incision, 592 
 Colloid oncotic pressure, reduced, 515 
 Colocolonic anastomosis, 509 
 Cologastric anastomosis, 509 
 Colon 

 as e sophageal s ubstitute, 502 – 503, 508 – 509 
 pathology of, 509 
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 reservoir function of, 508 
 vascular anatomy of, 541 – 542 

 Colon cancer screening, cost-effectiveness of, 77 
 Colon conduit 

 anisoperistaltic, 542 – 544 
 approach of, 541 
 cervical supercharge with, 544 
 interposition, 543 
 isoperistaltic, 542 
 kinking of, 543 
 preoperative examination for, 541 
 preparation for, 542 
 requirements of, 541 
 transverse, 542 
 vascularization in, 542 – 543 

 Colon interposition, 503, 508 
 Colonoscopy, follow-up with, 686 
 Colon polyp model, 149 
 Colorectal cancer 

 follow-up of, 685 – 686 
 metastases of, 356 

 Columnar epithelium, islands of, 115 
 Columnarization, 48 – 49 
 Columnar lined esophagus 

 differentiation pathways in, 50 
 etiology of, 47 

 Coma, hypercalcemia with, 515 
 Combined modality therapy 

 EMR in, 458 
 hydration and nutrition with, 653 
 palliation with, 766 – 767 
 tube feeding with, 653, 655 

 Complete response, prediction of, 205 
 Compton effect, 270 
 Computed tomography (CT) 

 cut size with, 201 
 defi nitions, 204 
 drawbacks of, 196 
 effi cacy of, 201 
 for en block resection, 592 
 follow-up with, 685 
 of leiomyoma, 491 
 as mainstay, 167 
 PET fusion with, 173 – 175, 203 
 postoperative, 645 
 radiotherapy simulation with, 391 
 repeat, 203 – 205 
 restaging with, 201 – 202 
 sensitivity, specifi city, and accuracy of, 170 
 staging with, 185 – 186 

 Conception, 3 
 Conduit conditioning, 547 
 Conduit ischemia, 665 
 Conduit necrosis, 665 
 Conduit preparation, 535 

 Conduit vascular insuffi ciency, 531 
 Confocal e ndomicroscopy, 150 – 151 
 Confocal endomicroscopy, of BE, 435 
 Confusion Assessment Method (CAM), 708 
 Confusion, hypercalcemia with, 515 
 Congenital defects.  See  Bronchogenic cysts; 

Duplication cysts 
 Constipation, evaluation of, 708, 711 
 Continuous extrapleural analgesia, 640 
 Contractility, impaired, 518 
 Contrast swallow, 529 
 Controlled tr ial, 99 – 100 
 COPD.  See  Chronic obstructive pulmonary disease 
 Copy number variants, 93 
 Core biopsy, 162 
 Coronary artery pathology, 500 
 Cortical centers, 22 
 Corticosteroids, as antiemetic agents, 652 
 Cost-effectiveness 

 defi nition of, 73 
 of interventions, 77 
 models of, 77 
 of PET, 169 – 170 
 of screening for BE, 74 – 75 
 of staging, 158 
 of surveillance of BE, 75 – 77 

 Coughing, in pulmonary toilet, 640 
 Cough strength, 660 
 COX.  See  Cyclooxygenase 
 Cricoid pressure, 513 
 Cricopharyngeus m uscle, 12 – 13 
 CRQ.  See  Chronic Respiratory Questionnaire 
 3D-CRT.  See  Three-dimensional conformal radiotherapy 
 Crura, division of, 558 
 Crus, preparation of, 536 
 Cryotherapy, HGD treatment with, 456 – 457 
 CT.  See  Computed tomography 
 CTV.  See  Clinical target volume 
 Cushion sign, 293 
 Cyclooxygenase (COX), 32 

 characteristics of, 57 
 expression of, 57 
 inhibition of, 87 – 88, 263 – 264 
 targeting of, 251 

 Cyclophosphamide 
 for African Burkitt’s lymphoma, 246 
 as emetogenic agent, 652 

 Cysteine aspartate-specifi c proteases (Caspase), 245 
 Cytochrome P450 system, 512 
 Cytokines, metabolism with, 481 
 Cytoplasmic TKs, 246 

 Daily setup, radiotherapy, 394 
 Death-to-incidence ratio, 167 
 Deep breathing, 640 



790 INDEX

 Deep venous thrombosis (DVT) 
 as common complication, 645 
 prophylaxis against, 501 

 Defi nitive chemoradiotherapy, 424 
 case for , 633 – 634 
 failure of, 634 
 quality of life with, 637 
 salvage esophagectomy after, 475, 635 
 trials on, 469 

 Dehydration 
 risk of, 653 
 severe, 651 
 from therapy, 481 

 Delayed gastric emptying 
 as Ivor Lewis complication, 572 
 treatment of, 664 

 Delirium, assessment of, 708, 710 
 Deodorized tincture of opium, as antidiarrheal, 653 
 Deoxyribonucleic acid (DNA) 

 free radical-mediated damage to, 423 
 promoter region, 32 
 radiation damage to, 423 
 as radiation target, 271 
 repair of 

 pathways implicated in, 778 
 polymorphisms in, 98 

 sequence, molecular outcome studies with, 
775, 777 

 Depolarizing neuromuscular blockers, 516 
 Depression, assessment of, 708, 712 
 Depth-dose curves, radiation’s, 270 
 DES.  See  Drug-eluting stents 
 Desfl urane, anesthesia with, 516 
 Development, esophagus 

 epithelium in, 5 – 6 
 gross s tructural, 4 – 5 
 innervation in, 6 – 8 
 muscular layers in, 6 
 vascularization in, 8 

 Dexamethasone, as antiemetic agent, 652 – 653 
 Dexmedetomidine, anesthesia with, 516 
 Diabetes 

 obesity with, 126 – 127 
 prevalence of, 514 

 Diamorphine, palliation with, 718 
 Diaphanoscopy, 541, 630 
 Diarrhea 

 algorithm for, 654 
 incidence of, 651 
 among survivors, 673 
 from therapy, 481 
 treatment for, 653 

 Diazepam, anesthesia with, 516 
 Diet 

 adenocarcinoma with, 109 – 110 
 advancement, pos toperative, 487 – 488 

 obesity fr om, 124 – 125 
 SCC with, 34, 109 – 110 

 Diffuse large B-cell lymphoma, 352 
 Dilation, 158.  See also  Pyloric dilation 

 balloon, 357 
 endoscopic, 477 
 stenotic vessel, 640 
 stricture treatment with, 665 

 Diltiazem, prophylactic, 661 
 Diphenhydramine, as antiemetic agent, 653 
 Diphenoxylate, as antidiarrheal, 653 
 Diuresis, spontaneous, 596 
 Diverticuli, 10 
 Diverticulitis, in colon, 509 
 Divot, tissue, 738 
 DNA.  See  Deoxyribonucleic acid 
 Docetaxel 

 characteristics of, 248 
 effi cacy studies on, 374 
 mechanisms of, 424 
 side effects of, 703 

 Dogs.  See  Canine models 
 Dopamine antagonists, as antiemetic agents, 652 
 Dose density, in chemotherapy, 247 
 Drainage tubes, 643 
 Drug bioavailability, 515 
 Drug disposition, pathways implicated in, 778 
 Drug-eluting stents (DES), indications for, 500 
 Drug metabolism, tobacco’s impact on, 512 
 Dumping syndrome 

 categories of, 663 
 diagnosis of, 663 – 664 
 treatment of, 664 

 Duodeno-forestomach refl ux, on animal models, 63 
 Duodenum, mobilization of, 565 
 Duplication cysts, 9 

 causative factors of, 323 
 diagnosis of, 323 – 324 
 incidence of, 323 
 recurrence of, 325 
 resection of, 325 

 DVT.  See  Deep venous thrombosis 
 Dying patients, care of, 697 
 Dysphagia.  See also  High-grade dysplasia 

 APC for , 742 – 744 
 fi brolipoma with, 301 
 hamartoma with, 321 
 improvement in, 412 
 malignant, 725 
 palliation of 

 brachytherapy for, 747 
 cervical strictures in, 733 
 chemotherapy in, 732 – 733 
 extrinsic compression for, 733 
 laser for , 737 – 738 
 PDT for, 721 
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 radiotherapy, 732 – 733 
 stenting for, 725 

 as radiotherapy complication, 650 
 thermal therapy for, 737, 742 – 744 

 Dysplasia.  See also  Metaplasia-dysplasia-carcinoma 
sequence 

 ancillary techniques for, 119 
 classifi cation of, 117 
 EUS in, 159 
 grade of, 70 
 interpretation of, 118 
 management of, 120 
 morphological characteristics of, 118 
 progression from, 29, 57 – 58 
 squamous cell, 334 

 Dyspnea 
 assessment of, 708 – 710 
 from cysts, 324 
 among survivors, 673 

 EAC.  See  Esophageal adenocarcinoma 
 Early cancer (EC), 333 

 EMR for, 457 
 mortality rate of, 550 
 PDT for , 454 – 455 
 RFA for , 455 – 456 
 therapeutic options for, 451 

 EBRT.  See  External beam radiotherapy 
 EC.  See  Early cancer 
 Echoendoscope, 155 
 EDA.  See  Esophago-duodenal anastomosis 
 Edema of reconstructive organ, 639 
 Edmonton System Assessment Scale (ESAS), 

707 – 709 
 Edrophonium, anesthesia with, 516 
 Education, preoperative, 502 
 Effectiveness, defi nition of, 73 
 Efferent fi bers, 23 
 EGD.  See  Esophagogastroduodenoscopy 
 EGFR.  See  Epidermal growth factor receptor 
 Eicosapentaenoic acid, 486 
 Elective target coverage, 393 
 Electrocardiogram, monitoring with, 515 
 Electrocautery probes, 456 
 Electrocoagulation 

 high-frequency, 305 
 metastatic disease treatment with, 357 

 Embryo, growth of, 4 
 Embryology, early stages of, 3 – 4 
 Emphysema, 660 
 Empiric omeprazole therapy, cost-effectiveness of, 77 
 EMR.  See  Endoscopic mucosal resection 
 En bloc esophagectomy, 584 – 585 

 abdomen in, 594 – 595 
 concept of, 591 
 effi cacy of, 591 

 imaging for, 592 
 neck in, 595 – 596 
 operative technique of, 592 
 postoperative care after, 596 
 preoperative evaluation for, 592 
 recurrence rates after, 682 
 results of, 596 – 598 
 specimen in, 595 
 thoracotomy in, 593 – 594 

 Endobronchial tube, double-lumen, 517 
 Endocytoscopy, 151 
 End-of-life, cultural values on, 697 
 Endoluminal ablative therapy, metastatic disease 

treatment with, 357 
 Endoluminal eradication therapies, 159 
 Endometrial cancer, metastases of, 356 
 Endoscopic ablation therapy, large area 

treatment with, 436 
 Endoscopic cap resection, 436 – 437 
 Endoscopic follow-up, 684 – 685 
 Endoscopic imaging 

 fl exible, 153 
 indications for, 153 
 methods of, 146 – 151 
 surveillance guidelines for, 145 

 Endoscopic mucosal resection (EMR), 191 
 advantages/disadvantages of, 459 
 circumferential, 458 
 EAC therapy with, 192 – 194 
 for EC, 457 
 effi cacy of, 458 
 excision with, 192 
 HGD for , 457 – 458 
 procedure of, 192 
 staging with, 191 – 192 
 survival with, 193 

 Endoscopic resection (ER).  See also  Stepwise radical 
endoscopic resection 

 ablation combined with, 446 – 447 
 contraindications for, 434 
 for leiomyoma, 492 
 as monotherapy, 437 
 RFA  vs. , 436 
 staging with, 435 – 436 
 techniques of, 436 – 438 

 Endoscopic therapy 
 acid-suppression therapy after, 447 
 for BE, 433 – 434, 436 
 comparisons among, 459 
 dysphagia palliation with, 721 
 for early lesions, 550 
 goal of, 459 
 patient selection for, 434, 452 – 453 
 remission rate with, 433 
 safety of, 433 
 work-up for , 434 – 435 
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 Endoscopic ultrasound (EUS), 153 
 accuracy of, 187 
 artifacts in, 160 
 in BE, 158 – 160 
 clinical impact of, 157 – 158 
 drawbacks of, 196 
 for en bloc resection, 592 
 in esophageal cancer, 154 – 155 
 FNA with, 167 
 follow-up with, 684 – 685 
 hemangioma diagnosis with, 303 
 indications for, 159 
 of leiomyoma, 492 
 limitations of, 160 
 lymph node evaluation with, 155 
 as mainstay, 167 
 restaging with, 202 – 203 
 staging with, 155 – 157, 186 – 187, 435 
 with stenosis, 158 

 Endotoxin, concentration of, 486 
 Endotracheal tube removal, 520 
 Enoxaparin, 645 
 Enteral nutrition 

 benefi ts of, 486 
 choice of, 644 
 contraindications of, 484 
 dosing with, 484 
 feeding protocols for, 484 – 485 
 formula selection for, 484 – 485 
 parenteral nutrition  vs. , 486 
 timing of, 484 

 Enteric nervous system, 25 
 Eosinophilic cytoplasm, 309 
 Eosinophilic granulomas, 161 
 Epidermal growth factor receptor (EGFR) 

 family of, 255, 428 
 ligands of, 255 
 as marker, 778 
 moAbs, 258 – 259 
 overexpression of, 257 
 targeting of, 224 – 225 
 therapies against, 258 
 TKIs, 2 59 – 260 

 Epidural abscess, 521 
 Epidural analgesia, 501.  See also  Thoracic epidural 

anesthesia 
 Epigastric incision, 562 
 Epigenetic abnormalities 

 in esophageal adenocarcinoma, 32 
 in SCC, 36 

 Epigenetic changes, 246 
 Epiregulin, binding of, 258 
 Epithelial esophageal cancer.  See also  Esophageal 

adenocarcinoma; Squamous cell carcinoma of 
the esophagus 

 bone-marrow derived cells in, 55 

 histopathological groups of, 27 
 incidence of, 27 

 Epithelium, development of, 5 – 6 
 Epstein-Barr virus, lymphoma risk from, 351 
 ER.  See  Endoscopic resection 
 Erlotinib 

 characteristics of, 259 – 260 
 mechanisms of, 429 

 Erythromycin, for delayed gastric emptying, 664 
 ESAS.  See  Edmonton System Assessment Scale 
 Esomeprazole, 86 
 Esophageal adenocarcinoma (EAC), 27 

 Barrett’s-metaplasia-carcinoma sequence of, 
28 – 29 

 BE with, 337 – 340 
 of c ardia, 345 – 346 
 cell cycle in, 31 
 chemoprevention of, 82 – 83 
 demographic characteristics of, 103 – 107 
 differentiation of, 339 
 EMR therapy for, 192 – 194 
 epidemiology of, 103 
 gastric cardia cancer’s similarities to, 

211 – 212 
 genetic polymorphisms in, 95 – 96 
 in heterotopic epithelium, 340 – 341 
 histopathology of, 338 
  H. pylori  with, 81, 110, 134 – 135 
 incidence of, 59, 104 – 106, 473 
 invasion in, 119 
 macroscopic pathology of, 338 
 molecular biology of, 54 
 mortality patterns of, 103 – 104 
 obesity associated with, 121 – 122 
 origin of, 337 
 pathological complete response rate with, 420 
 prognosis with, 473 
 proliferation in, 31 
 protective factors for, 108 
 protein levels in, 56 
 of proximal stomach, 345 – 346 
 risk factors for, 108 
 staging of, 153 
 surveillance program for, 53 
 survival patterns of, U.S., 106 – 107 
 tracer accumulation in, 168 

 Esophageal leak 
 characteristics of, 666 
 management of, 667 
 morbidity and mortality from, 665 

 Esophageal lumen 
 microscopic appearance of, 16 
 pH of, 51 

 Esophageal mucosal stripping, on animal 
models, 62 

 Esophageal preservation, indications for, 551 
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 Esophagectomy.  See also  En bloc esophagectomy; 
Minimally invasive esophagectomy; Salvage 
esophagectomy; Three-fi eld esophagectomy; 
Vagal-sparing esophagectomy 

 approaches to, 503 
 blood loss during, 17 
 cervical, 545 – 546 
 chylothorax after, 662 
 clinical pathway of, 601 
 contrast, 665 
 with delayed reconstruction, 547 
 evaluation of, 168 
 history of, 659 
 injury incidence after, 660 
 for leiomyoma, 494 
 Lewis-Tanner, 530 
 mortality fr om, 499 – 500 
 one-stage, 547 
 options, 503 
 palliative, 753 – 754 
 quality of life after, 704 
 radical, 503 
 recovery time from, 704 
 subtotal, 545 

 Esophagitis, as radiotherapy complication, 
650 – 651 

 Esophagocolonic anastomosis, 509 
 Esophago-duodenal anastomosis (EDA), 

development of, 62 
 Esophagoduodenostomy, on animal models, 62 
 Esophagogastrectomy, 203, 205, 503 
 Esophagogastroduodenoscopy (EGD), 554 
 Esophagogastroscopy, 159 
 Esophagogastrostomy, left cervical, 528 
 Esophagojejunostomy, with mouse models, 64 
 Estrogen, cancer induction with, 127 
 Ethics, of informed consent, 369 
 Ethnicity 

 cancer rate disparities by, 137 – 141 
 incidence rates by, 106 

 Etomidate, anesthesia with, 516 
 Etoposide, effi cacy studies on, 374 
 EUS.  See  Endoscopic ultrasound 
 Ewing’s sarcoma, diagnosis of, 348 
 Exercise tolerance, 500, 660 
 Exertion, diffi culties with, 500 
 Expectorants, indications for, 501 
 Expression microarray, molecular outcome studies 

with, 775 
 External beam radiotherapy (EBRT) 

 dose in, 750 
 effi cacy of, 747 – 749 
 palliation with, 478, 764 – 765 
 trials on, 650 

 Extracellular matrix, degradation of, 224 
 Extubation, time of, 515, 641 – 642 

 F344 rat, 61 
 FAACT.  See  Functional Assessment of Anorexia/

Cachexia Therapy 
 FACIT-F.  See  Functional Assessment of Chronic 

Illness Therapy-Fatigue 
 FACT-F.  See  Functional Assessment of Cancer 

Therapy-Fatigue Subscale 
 Failure patterns, 684 
 Faith, Importance, Community, and Address 

Assessment (FICA), 708 
 Family distress, assessment of, 708, 712 – 713 
 Fatigability, 500 
 Fatigue 

 assessment of, 708, 710 – 711 
 among survivors, 673 
 voice, 660 

 Febrile neutropenia, as side effect, 703 
 Fecal occult blood test, follow-up with, 686 
 FEESST.  See  Fiber-optic endoscopic evaluation of 

swallowing with sensory testing (FEESST) 
 Fentanyl 

 anesthesia with, 516 
 palliation with, 718 

 Fiber-optic endoscopic evaluation of 
swallowing with sensory testing 
(FEESST), 661 

 Fiber-optic technology, 147 
 Fibro-infl ammation, 340 
 Fibrolipoma 

 clinical presentation, 301 
 diagnostic evaluation of, 301 
 incidence of, 301 
 prognosis of, 302 
 treatment of, 301 – 302 

 Fibroma, differential diagnosis of, 308 
 Fibrosarcoma, 162, 348 
 Fibrosis, in lesions, 340 
 Fibrous histiocytoma, 162 
 Fibrovascular polyp 

 approach to, 495 
 clinical presentation of, 297 
 composition of, 297 
 diagnostic evaluation of, 298 
 incidence of, 297 
 origin of, 297 
 prognosis of, 298 
 treatment of, 298 

 Fibrovascular tumor, 164 
 FICA.  See  Faith, Importance, Community, and 

Address Assessment 
 Fine-needle aspiration (FNA) 

 biopsy with, 187 
 ultrasound with, 167 

 Fish oil, 486 
 Fistula formation, as salvage esophagectomy 

complication, 475 
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 Fistula, malignant.  See also  Tracheoesophageal fi stula 
 palliation of, 476 
 treatment of, 734 

 Flamingo s tent, 726 – 727 
 Flavopiridol, characteristics of, 264 
 Fluid management algorithms, 641 
 Fluid optimization, 518 
 Fluorescence, process of, 147 
 Fluorescent in situ hybridization (FISH), EGFR 

overexpression by, 257 
 Fluoropyrimidines, characteristics of, 247 
 Fluorouracil 

 mechanisms of, 424 
 neoadjuvant therapy with, 222, 420 
 side effects of, 703 

 FNA.  See  Fine-needle aspiration 
 Follicular center lymphoma, 352 
 Follow-up 

 of BE, 119 
 endoscopic evaluation in, 684 – 685 
 of esophageal cancer, 687 – 689 
 imaging in, 685 
 importance of, 681 
 methodologies of, 684 
 of non-esophageal solid tumors, 685 – 686 

 Foregut r econstruction, 502 – 503 
 Frank malignancy, in colon, 509 
 Fredet-Ramstedt operation, 565 
 Free fl ap viability, among smokers, 512 
 Free radical, DNA damage mediated by, 423 
 Fresh foods, 345 
 Fulguration, 305 
 Full thick ring PET, 204 
 Fulminant leaks, 532 
 Functional Assessment of Anorexia/Cachexia Therapy 

(FAACT), 708 
 Functional Assessment of Cancer Therapy-Fatigue 

Subscale (FACT-F), 708 
 Functional Assessment of Chronic Illness Therapy-

Fatigue (FACIT-F), 708 
 Functional conduit disorders, 663 
 Functional impairment, from malnutrition, 515 
 Functional Independence Measure, 709 
 Fundal bypass, 756 
 Fundic glands, 115 
 Fundoplication, 494 
 Fundus rotation gastroplasty, 530 
 Fusion, 204 

 Gabapentin, palliation with, 718 
 Gadolinium chelate, administration of, 179 
 Gallbladder dissection, 537 
 Gastrectomy, on animal models, 63 
 Gastric antrum, 558 
 Gastric artery, 536 

 Gastric cardia cancers 
 EAC’s similarities to, 211 – 212 
 incidence of, 211 
 risk factors for, 211 

 Gastric emptying, with pyloromyotomy, 565.  See also  
Delayed gastric emptying 

 Gastric fundic mucosa, differentiation of, 50 
 Gastric heterotopia, differential diagnosis of, 308 
 Gastric pull-up, 503, 508, 540 
 Gastric tube, fashioning of, 556 
 Gastrocolic ligament dissection, 537 
 Gastroenterologists, in MDCT, 364 – 365 
 Gastroepiploic artery, 536 
 Gastroesophageal junction (GEJ), tumors of.  See also  

Gastric cardia cancers 
 adenocarcinoma in, 211, 340 
 adjuvant therapy of, 239 
 chemoradiotherapy of, 238 – 239 
 chemotherapy of, 238 
  H. pylori  with, 345 
 location in, 210 
 stents placed across, 731 – 732 

 Gastroesophageal refl ux disease (GERD) 
 anesthesia with, 513 
 BE and, 29 
  H. pylori  with, 133 – 134 
 as Ivor Lewis complication, 572 
 obesity with, 122 – 124 
 pH gradient from, 51 
 recurrence from, 474 
 risk factors for, 346 
 SCC with, 27 
 as stent complication, 730 

 Gastrografi n, 758 
 Gastrohepatic ligament 

 dissection of, 556 
 division of, 604 

 Gastrointestinal review, prior to surgery, 279 
 Gastrointestinal stromal tumors (GISTs) 

 cellular nature of, 347 
 classifi cation of, 41 
 epithelioid type , 43 – 44 
 incidental discovery of, 495 
 leiomyomas and, 315 
 as mesenchymal tumors, 347 – 348 
 mixed cell type, 44 
 non-diagnostic, 347 – 348 
 origin of, 41 
 pathological defi nition of, 495 
 recognition of, 494 – 495 
 spindle c ell, 42 – 43 

 Gastrosplenic dissection, 537 
 Gastrotomy.  See  Percutaneous endoscopic gastrostomy 
 Gefi tinib, characteristics of, 259 – 260 
 GEJ.  See  Gastroesophageal junction 
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 Gender, incidence rates by, 106 
 Gene-environment interactions, 94 
 Gene microarray, development of, 36 
 Genes, number of discovered, 28 
 Genetic factors, 93 
 Genetic modifi cations, on animal models, 62 
 Genetic polymorphism, 93 

 cancer prognosis with, 96 – 97 
 without cancer risk, 98 
 EAC risk from, 95 – 96 
 esophageal cancer risk from, 95 
 familial susceptibility from, 94 
 SCC risk from, 95 

 Genome 
 guardian of, 57 
 of  H. pylori , 132 
 human, 36 
 outcome marker approach with, 779 – 780 

 Genomic instability, cell’s, 55 
 Genomics, 36 
 Geographic regions, incidence by, 137 – 138 
 GERD.  See  Gastroesophageal refl ux disease 
 Germline changes, 28 
 GISTs.  See  Gastrointestinal stromal tumors 
 Glandular distortion, of dysplasia, 118 
 Glottic closure, 660 
 Glucagon, stimulants of, 485 
 Glutamine, benefi ts of, 485 
 Glycopyrrolate, anesthesia with, 516 
 Goblet cells 

 in canine models, 66 
 of dysplasia, 118 
 formation of, 48 

 Goldie-Coldman theory, 244 
 Gompertzian kinetics, 243 
 Gompertzian m odel, 243 – 244 
 Granular cell tumor, 163 – 164 

 clinical presentation of, 307 
 diagnosis of, 307, 496 
 gross fi ndings of, 308 – 309 
 incidence of, 307 
 location of, 307 
 malignancy of, 496 

 Granular lymphocyte leukemia, 352 
 Gross tumor volume (GTV) 

 delineation of, 392 
 planning with, 273 – 274 

 Growth-factor receptors, as novel target, 224 
 Growth factors, discovery of, 428 
 Growth hormone, stimulants of, 485 
 Growth regulation, pathways implicated in, 778 
 GTV.  See  Gross tumor volume 
 Gut 

 development of, 4 
 immune function of, 485 

 primordial, 3 
 reconstruction of, 502 – 503 
 regions of, 4 

 H2 blockers, bile refl ux treatment with, 664 
 HADS.  See  Hospital Anxiety and Depression Scale 
 Hairy cell leukemia, 352 
 Half-Fourier single shot turbo spin echo (HASTE), 181 
 HALO s ystem, 455 – 456 
 Hamartoma, 164 

 incidence of, 321 
 resection of, 321 – 322 
 symptoms of, 321 

 Hand-foot syndrome, 247 
 HASTE.  See  Half-Fourier single shot turbo spin echo 
 Heart 

 blind dissection near, 518 
 radiation’s toxicity to, 275 

 Heart transplantation, cost-effectiveness of, 77 
 Heat-shock protein, glutamine-enhancing, 485 
 Heinecke-Mikulicz procedure 

 indications for, 538 
 muscle closure with, 565 

  Helicobacter pylori (H. pylori)  
 age of, 131 
 bacteriology of, 131 – 132 
 BE with, 134 
 in carcinogenesis, 345 
 discovery of, 131 
 EAC with, 81, 110, 134 – 135 
 epidemiology of, 131 – 132 
 gastric cardia cancer with, 211 
 genome of, 132 
 GERD with, 133 – 134 
 host responses to, 132 
 pathogenic role of, 131 
 pathophysiology of, 132 
 prevalence of, 135 
 SCC with, 110 

 Hemangioma, 164 
 appearance of, 496 
 clinical aspects of, 303 
 incidence of, 303 
 pathology of, 304 – 305 
 treatment of, 305 

 Hematemesis, from cysts, 324 
 Hemiazygos veins, 18 
 Hemicolon, right, 543 
 Hemodynamic compromise, 642 
 Hemodynamic management, during anesthesia, 518 
 Hemoglobin level, ideal postoperative, 640 
 Hemorrhage, as THE complication, 579 
 Heparin, 521, 645 
 Hepatic metastases, detection of, 186 
 Hepatoid morphology, 337 
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 HER-2/neu receptor 
 overexpression, 251 
 targeting of, 225 
 therapy agains t, 260 – 261 

 Hernia 
 postoperative, 280 
 repair of, smoking and, 512 

 Herpes virus, 305 
 Heterotropic transplantation, on animal models, 63 
 HGD.  See  High-grade dysplasia 
 HGIN.  See  High-grade intraepithelial neoplasia 
 HGNEC.  See  High-grade neuroendocrine carcinoma 
 Hiatus traversing tumor, 594 
 Hiatus, tumors traversing, 594 
 Hidden Barrett’s, 441 
 High-grade dysplasia (HGD) 

 APC fo r, 456 – 457 
 BE with, 53 
 controversy regarding, 451 
 cryotherapy for , 456 – 457 
 EC wit h, 455 – 456 
 EMR f or, 457 – 458 
 mortality rate of, 550 
 multipolar electrocoagulation for, 456 – 457 
 PDT fo r, 454 – 455 
 RFA fo r, 4 55 – 456 

 High-grade intraepithelial neoplasia (HGIN), standard 
treatment of, 434 

 High-grade neuroendocrine carcinoma (HGNEC) 
 as adenocarcinoma variant, 337 
 classifi cation of, 343 
 gastrointestinal tract, 344 
 prevalence of, 343 

 HIV.  See  Human immunodefi ciency virus 
 Hoarseness, 502 
 Home, palliative care in, 695 
 Honesty, importance of, 701 – 702 
 Horner’s syndrome, 718 
 Hospice, palliative care in, 695 
 Hospital Anxiety and Depression Scale (HADS), 708 
 Hospital, palliative care in, 695 
 Hot food and beverages, SCC from, 110 
 HPV.  See  Human papilloma virus 
  H. pylori .  See Helicobacter pylori  
 Human genome project, malignancy knowledge 

from, 28 
 Human immunodefi ciency virus (HIV), lymphoma risk 

from, 351 
 Human papilloma virus (HPV), 110, 473 
 Hyalinization, vessel, 313 
 Hydration 

 combined-modality therapy with, 653 
 intravenous, 515, 653 
 radiation’s effect on, 651 

 Hydrolysis, of water, 423 

 Hydromorphone 
 anesthesia with, 516 
 palliation with, 718 

 Hydrostatic pressure, metastatic disease treatment 
with, 357 

 Hypercalcemia, comorbidities with, 515 
 Hypermethylation, promoter region, 32 
 Hyperplasia, pseudoepitheliomatous, 308 
 Hypertension, causative factors of, 485 
 Hypertonic solution, for polypectomy, 492 
 Hypoblast, 3 
 Hypomagnesemia, test for, 515 
 Hypoparathyroidism, 621 
 Hypopharynx, malignancies of, 617 
 Hypotension, 518 
 Hypoxemia, prevention of, 516 

 Iatrogenic hypokalemia, test for, 515 
 IGF.  See  Insulin-like growth factor 
 IHC.  See  Immunohistochemistry 
 IM.  See  Intestinal metaplasia 
 Imaging m odalities, 167 – 168 

 drawbacks of, 196 
 functional, 179 

 Imatinib mesylate, 347 
 Immune function 

 gut-associated, 485 
 nutrition’s impact on, 481 

 Immune-modulating for mula, 484 – 485 
 Immunohistochemistry (IHC) 

 EGFR overexpression by, 257 
 of gastric cardia cancers, 211 
 lymph node classifi cation with, 212 
 molecular outcome studies with, 774, 776 – 777 

 IMRT.  See  Intensity modulated radiation therapy 
 Incentive spirometry 

 device, 640 
 postoperative, 501 

 Incremental cost-effectiveness ratio, 74 
 Indigo carmine, as contrast agent, 146 
 Induction agents, 516 
 Industry, risk in, 111 
 Infection 

 quality of life with, 675 
 from transfusion, 515 

 Infl ammation 
 chronic, 161 
 of dysplasia, 118 
 dysregulation of, 428 
 fi bro-, 340 
 from obe sity, 125 – 126 
 systemic, 126 

 Infl ammatory cascade, 475 
 Infl ammatory fi broid polyps, 161 
 Infl ammatory pseudopolyps, 161 
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 Information 
 accuracy of, 700 
 importance of, 699 – 701 

 Informed consent 
 decision-making preferences as issue with, 375 – 376 
 landmark cases on, 369 
 patients’ understanding as issue with, 375 
 poor outcomes as issue with, 370 
 as process, 369 
 quality of life as issue with, 372 – 375 
 uncertain therapeutic benefi ts as issue with, 370 – 372 

 Inhaled gas, humidifi cation of, 640 
 Innervation of esophagus, 20 
 Innovation system, 39 
 Inotropes, addition of, 518 
 Insomnia, assessment of, 708, 711 
 Insulin-like growth factor (IGF), as novel target, 264 
 Insulin resistance 

 decrease in, 485 
 obesity with, 126 – 127 

 Integrated scanning, 204 
 Intensity modulated radiation therapy (IMRT) 

 dosimetric studies on, 397 
 potential of, 396 

 Intercostal muscle wraps, bile refl ux treatment with, 664 
 Interferon, effi cacy studies on, 374 
 Intermittent pneumatic compression (IPC), 501 
 Internal organ motion, as uncertainty source, 393 
 Interstitial cells of Cajal, 7 – 8, 25, 39 
 Intestinal metaplasia (IM), 47 

 in BE defi nition, 69 
 occurrence of, 508 
 in rat models, 65 

 Intestinal T-cell lymphoma, 352 
 Intra-abdominal esophagus, vascularization of, 17 
 Intraepithelial neoplasia, as precursor lesion, 334.  See 

also  High-grade intraepithelial neoplasia 
 Intrathoracic leak, 667 
 Intravenous anesthetics, 516 
 Intravenous calcium channel blockers, 642 
 Intravenous contrast, 392 
 Intravenous resuscitation, 758 
 Intubation, rapid sequence, 516 
 Invasion 

 cancer cell, 31 
 in EAC, 119 
 intramucosal  vs.  submucosal, 192 
 pathways implicated in, 778 

 IPC.  See  Intermittent pneumatic compression 
 Irinotecan, 248 

 effi cacy studies on, 374 
 mechanisms of, 424 

 Ischemia 
 conduit, 665 
 leakage caused by, 531 

 Ischemic attack, transient, 642 
 Ischemic conditioning, stomach, 541 
 Isofl urane, anesthesia with, 516 
 Isoperistaltic transplant, 542 
 Ivor Lewis esophagectomy 

 abdominal operation in, 562 – 566 
 advantages of, 554 
 anesthesia for, 561 
 complications with, 572 
 indications for, 572 
 MIE technique of, 559 
 objectives of, 561 
 postoperative management of, 572 
 recurrence rates after, 683 
 surgical approach to, 561 – 562 
 thoracic operation in, 566 – 571 

 Ivor Lewis esophagogastrectomy, 203, 205 

 Jejunal graft, 622 
 Jejunal interposition, 535 
 Jejunostomy feeding, 487 

 after en bloc resection, 596 
 installation of, 566 
 during MIE, 556 
 mortality with, 644 
 palliation with, 755 
 placement of, 487 
 protocols for, 484 

 Jejunum conduit, 509 
 after cervical esophagectomy, 545 – 546 
 after distal resection, 544 
 preparation of, 544 – 545 
 after subtotal esophagectomy, 545 

 Junctional epithelium, 47 

 Kaposi’s sarcoma, 163 
 Karnofsky Performance Status (KPS), 708 – 709 
 Ketamine 

 anesthesia with, 516 
 palliation with, 717 

 Ketorolac, palliation with, 718 
 kinases, cyclin-dependant, 244 
 Kocher maneuver, 537, 539, 565, 604 
 KPS.  See  Karnofsky Performance Status 
 K-ras 

 mutational status of, 257 
 wild-type, 258 

 K TRANS  
 parametric maps from, 183 
 role of, 181 – 182 

 Lab method, with outcome markers, 773 
 Laimer’s triangle, polyps in, 297 
 Lamina propria, 16 
 Laparoscopic Nissen fundoplication, 494 
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 Laparoscopy 
 with leiomyoma, 494 
 MIE with, 554 
 ports, 556 
 staging with, 196 – 197 
 stomach conduit replacement with, 539 – 541 

 Laparotomy, esophagectomy, 503 
 Laptinib, mechanisms of, 429 
 Laryngeal nerve injury, recurrent 

 as THE complication, 580 
 extubation timing with, 515 
 results of, 660 
 as salvage esophagectomy complication, 475 
 from surgery, 280 

 Laryngeal nerves, 25 
 Laryngopharyngeal dys function, 660 – 661 
 Laryngopharyngoesophagectomy, 621 
 Laryngoscopy, view on, 513 
 Laryngotracheoesophageal cleft (LTEC), 5 
 Larynx, malignancies of, 617 
 Laser fulguration, metastatic disease treatment with, 357 
 Laser light, in PDT, 439 
 Laser therapy 

 chemotherapeutic injection  vs. , 742 
 effi cacy of, 738 – 739 
 factors effecting success of, 739 – 740 
 fundamentals of, 738 
 metal wall stents  vs. , 740 – 741 
 Nd:YAG, 737 – 738 
 palliation with, 478 
 PDT  vs. , 741 – 742 
 radiotherapy with, 740 
 safety of, 738 – 739 

 Left thoracoabdominal approach (LTA) 
 abdomen resectability assessment with, 601 
 advantages of, 599 – 600 
 cervical phase of, 608, 610 
 chest resectability assessment with, 602 – 603 
 closure of, 607 – 608 
 conduit construction in, 606 – 607 
 intrathoracic anastomosis in, 610 – 611 
 outcomes of, 613 – 614 
 patient positioning for, 600 
 postoperative care after, 613 
 preoperative preparation for, 600 
 rich history of, 599 – 600 
 set up for, 600 
 stomach mobilization in, 603 – 605 

 Leiomyoma 
 benign, 163 
 bleeding with, 316 
 characteristics of, 39 – 40 
 diagnostic evaluation of, 316 
 differential diagnosis of, 308 
 endoscopy of, 492 

 ER for, 492 
 esophagectomy for, 494 
 EUS of, 492 
 imaging of, 491 
 incidence of, 315, 491 
 laparoscopic approach with, 494 
 mesenchymal origin of, 315 
 minimally invasive surgery for, 493 – 494 
 open surgical excision for, 494 
 polypectomy for, 492 
 rubber band ligation for, 492 
 surgery for , 317 – 318 

 Leiomyosarcoma 
 characteristics of, 40 – 41, 348 
 commonness of, 162 
 incidence of, 348 

 Lembert fashion, 607 
 Lesions 

 early neoplastic 
 endoscopic therapy for, 550 
 staging of, 435 – 436 

 fi brosis in, 340 
 large polypoid, 160 
 mucosal, 587 
 Paris classifi cation of, 434 
 precursor, 34 – 35, 334 
 steroid injections in, 454 
 submucosal, 587 

 LET.  See  Linear energy transfer 
 Lethargy, hypercalcemia with, 515 
 Leukemia, B-cell lymphoblastic, 352 
 Leukotrienes, proinfl ammatory response of, 486 
 Lewis-Tanner esophagectomy, 530 
 Life-years saved, patient, 73 
 Ligament of Treitz, 605 
 Ligand-and-cut-technique, 436, 438 
 Ligasure device, 537, 539 
 Linear array echoendoscope, 155 
 Linear energy transfer (LET), 270 
 Lipids, 486 
 Lipoma, 165.  See also  Angiolipoma; Fibrolipoma 

 clinical presentation of, 293 
 diagnostic evaluation of, 293 – 294 
 differential diagnosis of, 308 
 incidence of, 293 
 pedunculation of, 293 
 prognosis of, 294 
 treatment of, 294 

 Liposarcoma, characteristics of, 348 
 Liver, lobe division of, 563 
 LNR.  See  Lymph node ratio 
 Local drains, 643 
 Locoregional disease, 157 

 chemotherapy alone for, 464 
 incidence of, 473 
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 long-term survival of, 201 
 radiotherapy alone for, 464 
 surgery alone for, 463 – 464 

 Locoregional lymphadenopathy, 186 
 Locus minoris resistentiae, 539 
 Lofentanil, palliation with, 718 
 LOH.  See  Loss of heterozygosity 
 Loop diuretic, 515 
 Loperamide, as antidiarrheal, 653 
 Lorazepam, as antiemetic agent, 653 
 Loss of heterozygosity (LOH), 30 

 in gastric cardia cancer, 211 
 as progression predictor, 58 

 Low-molecular-weight heparin, 521, 645 
 LTA.  See  Left thoracoabdominal approach 
 LTEC.  See  Laryngotracheoesophageal cleft 
 Lumen, 8 
 Luminal recanalization, abnormal, 323 
 Lump in the throat symptom, 321 
 Lung 

 injury to, transfusion related, 515 
 radiation’s toxicity to, 275 
 radiotherapy dose in, 394 
 ventilation with single, 517 

 Lung cancer 
 chemoradiotherapy for, 424 
 metastases of, 356 

 Lung parenchyma, 660 
 Lye-induced strictures, as risk factor, 473 
 Lye ingestion, SCC with, 34 
 Lymphadenectomy, 503 

 confounding issues with, 586 – 587 
 evidence supporting, 584 
 fi elds of, 584 
 lesion type with, 587 
 recurrence type and, 587 
 resection completeness with, 587 
 three-fi eld, 586 
 two-fi e ld, 584 – 585 

 Lymphadenopathy 
 locoregional, 186 
 stage of, 156 
 tumor surrounding, 161 

 Lymphangiography, contrast, 663 
 Lymphatic dr ainage, 19 – 20 
 Lymphatic fl ow patterns, 20 
 Lymphatic pathways, concept of, 23 
 Lymphatic system of esophagus, 19 – 20 
 Lymph channels, collecting, 19 
 Lymph node 

 assessment of, 340 
 detection of, 186 
 dissection of 

 fi elds of, 584 
 stomach conduit with, 537 – 538 

 EUS evaluation of, 155 
 FNA of, 187 
 involvement of 

 classifi cation of, 212 
 importance of, 212 
 nonregional, 213 
 number of, 212 

 nonregional, 210 
 positive, 340 
 prevalence of, 156 
 regional, 210 

 Lymph node ratio (LNR) 
 classifi cation with, 212 
 prognosis with, 213 

 Lymphoma 
 clinical presentation of, 353 
 diagnosis of, 353 
 epidemiology of, 351 
 HIV and, 351 
 pathology of, 352 
 prognosis of, 354 
 risk factors for, 351 
 treatment of, 246, 354 
 types of, 161 

 Macrophage infi ltration, 125 
 Magnetic resonance imaging (MRI) 

 anatomic imaging with, 180 – 181 
 dynamic contrast enhanced, 179 – 180 

 Malignancies, highly penetrant mutations in, 53 
 Malignant epithelial tumor, 160 – 161 
 Malignant nonepithelial tumor, 161 – 163 
 Malnutrition 

 etiology of, 481 – 482 
 as sequelae, 515 
 signs of, 481 

 Malnutrition Universal Screening Tool (MUST), 482 
 Mammography, cost-effectiveness of, 77 
 Mantle cell lymphoma, 352 
 Marginal zone lymphoma, 352 
 Marker.  See  Biomarkers; Molecular markers; Outcome 

markers 
 Mass regurgitation 

 fi brolipoma with, 301 
 hamartoma with, 321 
 from m outh, 321 – 322 

 McKeown resection 
 disadvantages of, 554 
 technique of, 554 – 558 

 MDAS.  See  Memorial Delirium Assessment Scale 
 MDCT.  See  Multidisciplinary care team 
 mdr-1 gene, suppression of, 245 
 MEC.  See  Mucoepidermoid carcinoma 
 Mechanical prophylaxis, 646 
 Mechanical sutures, 578 
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 Mediastinal pleura 
 incision in, 197 
 opening of, 555 

 Mediastinoscopy, limitations of, 197 
 Meglumine diatrizoate, contrast swallow with, 529 
 Melanoma, malignant 

 incidence of, 160 – 161 
 metastases of, 356 

 Melena, recurrent, 293 
 Memorial Delirium Assessment Scale (MDAS), 

708 
 Memorial Symptom Assessment Scale (MSAS), 

707 – 709 
 Meperidine, palliation with, 718 
 Meptazinol, palliation with, 718 
 Merendino operation, 546 
 Mesenchymal tumors 

 fi brosarcoma as, 348 
 GISTs as , 347 – 348 
 incidence of, 347 
 leiomyoma and, 315 
 leiomyosarcoma as, 348 
 liposarcoma as, 348 
 malignant, 162 
 rarity of, 39 
 schwannoma as, 349 
 types of, 39, 348 

 Mesenteric arcades, 545 
 Meso-tetrahydroxyphenylchlorine (mTHPC), as 

photosensitizer, 438 
 Metabolism-modulating formula, 485 
 Metaplasia.  See also  Barrett’s metaplasia; Cardiac 

intestinal metaplasia; Intestinal metaplasia 
 cell conversion in, 53 
 progression from, 29 

 Metaplasia-dysplasia-carcinoma sequence 
 of esophageal adenocarcinoma, 28 – 29 
 molecular changes in, 30 – 31 

 Metaplastic conversion, 53 
 Metastases 

 detection of, 169 
 to esophagus, 356 
 evaluation of, 169 
 hepatic, 186 
 incidence of, 473 
 pathways implicated in, 778 

 Metastatic disease, 163, 354 
 clinical presentation of, 356 – 357 
 evaluation of, 169 
 pathology of, 355 – 356 
 treatment of, 357 – 358 

 Methadone, palliation with, 717 – 718 
 Methylation 

 CpG-island, 32 
 molecular outcome studies with, 775, 777, 779 

 Metoclopramide, for delayed gastric 
emptying, 664 

 Microcirculation, TEA’s impact on, 640 
 Midazolam, anesthesia with, 516 
 MIE.  See  Minimally invasive esophagectomy 
 Minimally invasive esophagectomy (MIE) 

 laparoscopic ports for, 556 
 large series of, 553 
 learning curve of, 559 
 mortality reduction from, 553 
 technique of, 554 

 Ivor Lewis, 559 
 McKeown, 554 – 558 

 thoracoscopic ports for, 554 
 Minimally invasive surgery 

 for le iomyoma, 493 – 494 
 options with, 503 

 Mini-Mental State Examination (MMSE), 708 
 Mini Nutritional Assessment (MNA), 482 
 Mismatch repair genes, function of, 55 
 Mitomycin 

 effi cacy studies on, 374 
 mechanisms of, 424 

 Mitotic activity, of dysplasia, 118 
 Mitotic checkpoint genes, 55 
 Mitotic inhibitors, mechanisms of, 424 
 Mivacurium, anesthesia with, 516 
 MMSE.  See  Mini-Mental State Examination 
 MNA.  See  Mini Nutritional Assessment 
 moAbs 

 anti-EGFR, 258 – 259 
 anti-VEGF, 262 – 263 

 Modifi ed Borg Scale, 708 
 Molecular markers, role, 223 – 225 
 Monofi lament suture, 526, 528 
 Morphine, palliation with, 717 
 Mouse models, 62 

 early death of, 65 
 esophagojejunostomy with, 64 
 lines of, 64 

 MRI.  See  Magnetic resonance imaging 
 MSAS.  See  Memorial Symptom Assessment 

Scale 
 mTHPC.  See  Meso-tetrahydroxyphenylchlorine 
 Mucoepidermoid carcinoma (MEC) 

 mixed cell amalgamation of, 342 
 prognosis of, 342 – 343 

 Mucosa 
 Barrett’s, 308 
 cardiac, 47, 50 
 gastric fundic, 50 
 layers of, 16 – 17 
 malignant, 337 
 oxyntic, 50 

 Mucosal lesions, lymphadenectomy with, 587 
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 Mucosectomy kit, multiband, 433 
 Mucositis, from therapy, 481 
 Mucous membrane, 16 
 Multidisciplinary care team (MDCT) 

 accurate staging by, 364 
 communication by, 364 
 defi nition of, 363 
 education by, 365 
 failure rate of, 367 
 goals of, 364 
 innovation by, 365 
 members of, 364 – 365 
 patient and family support by, 364 – 365 
 patient fl ow with, 365 – 367 
 research and development framework of, 365 
 studies on, 363 
 unifi ed vision of, 364 

 Multifocal recurrence, 587 
 Multimodal the rapy, 229 – 230 

 complications after, 656 
 principles of, 230 – 231 
 quality of life after, 657 

 Multipolar electrocoagulation, HGD treatment with, 
456 – 457 

 Multipolarganglionic neurons, 20 
 Multistage validation approach, 98 – 99 
 Murine leukemia model, L1210, 243 
 Muscle 

 actin, 305 
 circular fi ber, 12 
 closure, 565 
 cricopharyngeus, 12 – 13 
 longitudinal fi ber, 12 
 striated, differentiation of, 6 
 tracer uptake in, 203 
 wraps, 664 

 Muscle regulatory factors, 6 
 Muscularis, 16 
 Muscularis propria, motor function of, 17 
 Muscular layers, esophagus’s, 12 – 16 
 MUST.  See  Malnutrition Universal Screening Tool 
 Mycosis fungoides, 352 
 Myocardial infarction, management of, 662 
 Myocardial oxygen demand, 640 
 Myotomy 

 closure of, 494 
 exposure with, 493 

 Nalbuphine, palliation with, 718 
 Narcotics, systemic, 501 
 Narrowband imaging (NBI), 147, 435 
 Nasoenteral tube, drainage with, 643 
 Nasogastric tube 

 radiopaque, 528 
 removal of, 529 

 Nausea 
 assessment of, 708, 711 
 from chemotherapy, 651 
 as complication, 454, 481, 730 
 incidence of, 651 
 among smokers, 512 
 among survivors, 673 
 treatment of, 652 – 653 

 NBI.  See  Narrowband imaging 
 Nd:YAG.  See  Neodymium: yttrium-aluminum-garnet 
 Neck 

 collar incision in, 592 
 in en bloc resection, 595 – 596 
 in MIE, 558 

 Neoadjuvant therapy 
 clinical response of, 412 
 dysphagia improvement with, 412 
 fl uorouracil for, 222, 420 
 histological subtype’s infl uence in, 419 – 420 
 interim analysis of, 419 
 meta-analyses on, 417 – 418 
 mortality from, 408 
 new approaches with, 420 – 421 
 pathological response to, 172, 414 
 PET after, 170 
 quality of life after, 419 
 radiographic response of, 412 
 radiotherapy randomized trials on, 465 
 rationale for, 464 
 resectability with, 414 
 response to, 413 
 safety of, 411 
 staging after, 214, 414 
 surgery risks with, 412 
 surgical resection following, 221 – 222 
 survival after, long-term, 414 – 415 
 toxicity from, 408, 412 
 trials on 

 important, 417 – 418 
 patient characteristics in, 407 – 408 
 phase III results from, 420 
 tumor characteristics in, 408 
 tumor staging in, 408 

 Neodymium: yttrium-aluminum-garnet 
(Nd:YAG), 737 – 738 

 Neostigmine, anesthesia with, 516 
 Nerve de velopment, 6 – 8 
 Nerve sheath tumors, 311 
 Nervous plexuses, 25 
 Neural progenitors, foregut 

 differentiation of, 7 
 proliferation of, 6 

 Neuroendocrine carcinoma. 
 See  High-grade neuroendocrine 
carcinoma 



802 INDEX

 Neurofi broma 
 clinical aspects of, 311 
 gross picture of, 312 
 pathology of, 311 – 312 
 types of, 311 

 Neurokinin antagonists, as antiemetic agents, 652 
 Neuromuscular blockade, 519 
 Neuromuscular reversal agents, 516 
 Neurons, sympathetic outfl ow of, 22 
 Neuropeptides, 481 
 Neuroprotectins, 486 
 Neurotransmitters, metabolism with, 481 
 Neurotrophic factor, palliation with, 718 
 Neurotrophin-3 antisense oligonucleotide, 

palliation with, 718 
 Neutraceuticals, 485 
 Nicomorphine, palliation with, 718 
 Nicotine 

 blood fl ow impacts of, 512 
 effects of, 501 

 Nissen fundoplication, 494 
 Nitrates, 345 
 Nitric oxide, role of, 485 
 Nitrites, 345 
 Nitrosamines, in food, 220, 345 
 Nociceptive stimuli, 640 
 Nodal chain, recurrent, 594 
 Non-steroidal agents, 515 
 Non-steroidal anti-infl ammatory drugs (NSAIDs) 

 COX inhibition with, 87 – 88 
 risk reduction from, 110 

 Notochord, development of, 323 
 NRI.  See  Nutritional Risk Index 
 NRS.  See  Nutritional Risk Screening 
 NSAIDs.  See  Non-steroidal anti-infl ammatory 

drugs 
 Nuclear crowding, of dysplasia, 118 
 Nuclear enlargement, of dysplasia, 118 
 Nuclear factor-kB, as marker, 778 
 Nuclear hyperchromasia, of dysplasia, 118 
 Nuclear polarity, loss of, 118 
 Nuclear transcription factor kappa B, 245 
 Nurse specialists, in MDCT, 364 – 365 
 Nutrient intake, 124 
 Nutrient metabolism, infl uences on, 481 
 Nutrient requirements, 483 
 Nutrition.  See also  Enteral nutrition; Malnutrition; 

Parenteral nutrition 
 assessment of, 482 – 483, 501 
 combined-modality therapy with, 653 
 immune function impacts of, 481 
 postoperative, 643 – 644 
 radiotherapy’s effects on, 651 

 Nutritional review, prior to surgery, 279 
 Nutritional Risk Index (NRI), 482 

 Nutritional Risk Screening (NRS), 482 
 Nutritionists, in MDCT, 364 – 365 
 Nutrition screening, 482 
 Nutrition support, guidelines for, 483, 501 

 Obesity 
 diabetes with, 126 – 127 
 from die t, 124 – 125 
 EAC associated with, 121 – 122 
 GERD with, 122 – 124 
 infl ammation from, 125 – 126 
 insulin resistance with, 126 – 127 
 morbid, 121 
 treatment considerations with, 127 

 Objective scoring systems, 707 
 Occupation, risk factors from, 111 
 OCT.  See  Optical coherence tomography 
 Octreotide, 654 

 dumping treatment with, 664 
 palliation with, 718 

 ODC.  See  Ornithine decarboxylase 
 Odynophagia, 293, 454, 481, 650 
 Omega-3 fatty acids, 486 
 Omentum dissection, 536 
 Oncogenes 

 mutations of, 35 
 proto, 55, 57 

 Oncogenic mechanisms, SCC’s, 35 
 Oncologists, in MDCT, 364 – 365 
 Opiates, 516 
 Opioids 

 alcohol with, 513 
 delivery of, 718 – 719 
 palliation with, 717 – 718 

 Opossums, as animal models, 62 
 Optical coherence tomography (OCT), 

148 – 149 
 Oral contrast, 392 
 Oral intake, minimal, 481 
 Oral nutrition supplements, 483 – 484 
 Organogenesis, 3 
 Ornithine decarboxylase (ODC), inhibition of, 87 
 Oropharynx length, 621 
 Orringer technique, 578 
 Outcome markers 

 ascertainment timing of, 772 
 classifi cation of, 773 
 clinical trial integration of, 780 – 781 
 criteria for assessment of, 771 – 773 
 genome-wide approach to, 779 – 780 
 multigene approach to, 779 
 outcome variables with, 773 
 predictive  vs.  prognostic value of, 772 
 review of, 773 
 single gene approach to, 778 
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 Ovarian cancer, metastases of, 356 
 Oxaliplatin 

 characteristics of, 247 – 248 
 effi cacy studies on, 374 

 Oxycodone, palliation with, 718 
 Oxygen 

 anesthesia with, 516 
 in cells, 272 
 in DNA damage, 423 
 myocardial demand for, 640 
 in tissue, 520 

 Oxygen supplementation, 641 
 Oxyntic mucosa, maintenance of, 50 

 p21 gene, activation of, 244 
 p53 gene 

 mutations on, 244 
 tasks of, 244 
 wild-type, 245 

 p53 pathway, 28 
 apoptosis in, 31 
 role of, 57 

 Packet red blood cells, 639 
 Paclitaxel 

 characteristics of, 248 
 mechanisms of, 424 
 in neoadjuvant setting, 420 – 421 

 Pain.  See also  Chest pain 
 chronic 

 anesthetic planning with, 515 
 costs of, 715 
 smokers with, 512 

 neuropathic, 716 
 pathophysiology of, 715 – 716 
 pharmacological management of, 716 – 717 
 pharyngeal, 301 
 postoperative treatment of, 520 
 threshold, 512 

 Palliation.  See also  Dysphagia 
 with antide pressants, 716 – 717 
 with c hemoradiotherapy, 765 – 766 
 with combined modality therapy, 766 – 767 
 with EBRT, 478, 764 – 765 
 endoscopic, 477 – 478 
 esophagectomy, 753 – 754 
 with feeding tube placement, 755 
 intrathecal drug delivery in, 718 – 719 
 with ketamine, 717 
 for malignant fi stulae, 476 
 with op ioids, 717 – 718 
 with radiotherapy, 765 
 stenting in, 477, 725 
 surgical, 753 
 sympathetic blocks for, 718 

 Palliative bypass, 754 – 755 

 Palliative care 
 communication in, 694 
 cultural aspects of, 697 
 defi nition of, 693 
 domains of, 695 
 ethical considerations with, 697 – 698 
 legal considerations with, 697 – 698 
 model of, 694 – 695 
 physical aspects of, 696 
 processes of, 694 – 695 
 psychological and psychiatric aspects of, 696 
 services, 694 
 social and practical aspects of, 696 
 spiritual, religious, and existential aspects of, 696 
 structure of, 694 – 695 
 symptom assessment in, 707 

 Palliative care team, in MDCT, 364 – 365 
 Palliative medicine, defi nition of, 693 
 Palmar-plantar erythrodysethia, 247 
 Pancuronium, anesthesia with, 516 
 Panitumumab, characteristics of, 259 
 Papilloma, differential diagnosis of, 308 
 Pap smear, cost-effectiveness of, 77 
 Parasympathetic nervous system, 22 – 24 
 Paregoric, as antidiarrheal, 653 
 Parenteral nutrition, enteral nutrition  vs. , 486. 

 See also  Total parenteral nutrition 
 Paris classifi cation, 434 
 Partial thick ring PET, 204 
 Patau syndrome, 5 
 Pathologic complete response 

 with EAC, 420 
 neoadjuvant therapy rate of, 172, 414 
 with SCC, 420 

 Pathologists, in MDCT, 364 
 Pathways, biologic, 778 
 Patient stratifi cation, current methods of, 771 
 PCR.  See  Polymerase chain reaction 
 PDT.  See  Photodynamic therapy 
 PE.  See  Pulmonary embolism 
 Pedunculated esophageal polyp, 301 
 PEEP.  See  Positive end-expiratory pressure 
 PEG.  See  Percutaneous endoscopic gastrostomy 
 Penrose drain, 555, 604, 619 
 Pentazocine, palliation with, 718 
 Percutaneous endoscopic gastrostomy (PEG), 487 
 Perforated esophageal carcinoma 

 etiology of, 757 – 758 
 incidence of, 757 
 initial management of, 758 
 occlusion of, 760 
 risk of, 758 
 stenting, 759 – 760 
 surgical management of, 758 – 759 

 Perforation, as APC complication, 456 
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 Perfusion, external esophageal, on animal models, 63 
 Pericardial effusion, as salvage esophagectomy 

complication, 475 
 Periesophageal nodes, 210 
 Perioperative pulmonary complications (PPC), 

514 
 Peripheral T-cell lymphoma, 352 
 Peristalsis, esophageal, 7 
 Peroxisome proliferator-activated receptor, 486 
 PET.  See  Positron emission tomography 
 Pharyngeal pain, cause of, 301 
 Pharyngoesophageal junction, 14 
 Phenoperidine, palliation with, 718 
 Photodynamic action, 721 

 dysphagia palliation with, 721 
 Photodynamic therapy (PDT) 

 advantages/disadvantages of, 459 
 BE treatment with, 437 
 catheters for, 453 
 clinical results of, 440 
 complications with, 441, 454, 723 
 components of, 437 
 contraindications for, 723 
 for EC , 454 – 455 
 for HGD, 454 – 455 
 large area treatment with, 436 
 laser light in, 439 
 laser therapy  vs. , 741 – 742 
 mechanisms of, 453, 722 
 metastatic disease treatment with, 357 
 palliation with, 478 
 principles of, 722 
 process of, 437 – 438 
 results of, 722 – 723 

 Photosensitivity, as complication, 454 
 Physical therapists, in MDCT, 364 – 365 
 Physiologic im aging, 167 – 168 
 Pigs, as animal models, 62 
 Pittsburgh Sleep Quality Index (PSQI), 708 
 Planning target volume (PTV), planning with, 273 – 274 
 Plasma cell myeloma, 352 
 Plasmacytoma cell myeloma, 352 
 Platelet adhesiveness, 501 
 Platelet dysfunction, 512 
 Platinum analogues 

 characteristics of, 247 – 248 
 mechanisms of, 424 

 Pleural complications, from THE, 579 – 580 
 Pleural effusions, as surgical complication, 640 
 Plexus, intrinsic, 6, 18 
 Plummer-Vinson syndrome, 9, 220 
 Pneumatosis, as APC complication, 456 
 Pneumonia.  See also  Radiation pneumonitis 

 as mortality predictor, 659 
 prevention of, 660 
 risk factors for, 475 

 as salvage esophagectomy complication, 475 
 as surgical complication, 640 

 POCD.  See  Postprocedure cognitive dysfunction 
 Point mutations, esophageal adenocarcinoma’s, 32 
 Polyfl ex stent, 733 
 Polyglyconate, 528 
 Polymerase chain reaction (PCR), molecular outcome 

studies with, 775, 777 
 Polypectomy, of leiomyoma, 492 
 Polypoid carcinoma, gross characteristics of, 333 
 Polypoid lesions, large, 160 
 Polyposis, in colon, 509 
 Polyp regurgitation, 321.  See also  Mass regurgitation 
 Polyunsaturated fatty acid, 486 
 Porfi mer 

 clinical results with, 440 
 as photosensitizer, 438 

 Portal hypertension, 18, 512 
 Positive end-expiratory pressure (PEEP), 519 
 Positron emission tomography (PET) 

 chemotherapy guided by, 223 
 cost-effectiveness of, 169 – 170 
 CT fusion with, 173 – 175, 203 
 defi nitions, 204 
 drawbacks of, 196 
 for en bloc resection, 592 
 follow-up with, 685 
 metastatic evaluation of, 169 
 after neoadjuvant therapy, 170 
 non-FDG, 175 – 176 
 oncologic drug development with, 173 
 patient management with, 173 
 primary site evaluation with, 168 
 process evaluation with, 167 – 168 
 prognostic value of, 172 – 173 
 radiotherapy planning with, 174 – 175 
 of recurrent disease, 173 
 regional evaluation with, 168 – 169 
 repeat, 203 – 205 
 restaging with, 170 – 171, 203 
 sensitivity, specifi city, and accuracy of, 170 
 staging with, 168 – 170, 187 – 188 
 tracers for, 168 

 Postanesthesia care unit 
 deaths in, 519 
 transport to, 520 

 Postganglionic fi bers, 21 
 Postprocedure cognitive dysfunction (POCD), 514 
 Posture, physician’s, 703 
 Potassium titanyl/yttrium aluminum garnet, 305 
 PPC.  See  Perioperative pulmonary complications 
 PPI.  See  Proton pump inhibitor 
 Preganglionic fi bers, 21 
 Preserved food, carcinogens in, 345 
 Primordial organs, 3 
 Private practice, palliative care in, 695 
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 Prokinetic agents, for delayed gastric emptying, 664 
 Prolactin, stimulants of, 485 
 Proliferation 

 in BE, 56 
 in EAC, 31 
 of neural progenitors, 6 

 Promoter region, DNA, 32 
 Propofol 

 anesthesia with, 516 
 pharmacokinetics of, 513 

 Prostaglandins, proinfl ammatory response of, 486 
 Prostate cancer, metastases of, 356 
 Proteomics, molecular outcome studies with, 775 
 Proton pump inhibitor (PPI) 

 aspirin with, 89 
 bile refl ux treatment with, 664 

 Proto-oncogenes 
 Bcl-2 family of, 57 
 function of, 55 

 Pseudoachalasia, 154 
 Pseudosarcomatous squamous cell carcinoma, gross 

characteristics of, 333 
 PSQI.  See  Pittsburgh Sleep Quality Index (PSQI) 
 Psychosocial s upport, 364 – 365 

 consistent information’s importance in, 699 – 701 
 explanations in, 702 
 honesty’s importance in, 701 – 702 
 impact of, 704 
 paucity of literature on, 699 
 problematic wording in, 702 
 prognosis discussion in, 702 – 703 
 side effect discussion with, 703 – 704 

 PTV.  See  Planning target volume 
 Pulmonary disease 

 management of, 662 
 prevalence of, 514 

 Pulmonary embolism (PE) 
 importance of, 645 
 prophylaxis against, 501 
 as surgical complication, 640 

 Pulmonary gas exchange, 513 
 Pulmonary morbidity, anesthetic strategies reducing, 

518 – 519 
 Pulmonary toilet, 501, 640 
 Pulse oximetry, monitoring with, 515 
 Purse string suture, 526, 570 
 Pyloric dilation 

 in colon interposition, 543 
 in stomach interposition, 538 

 Pyloric sphincter function, 538 
 Pyloromyotomy, gastric emptying with, 565, 664 
 Pyloroplasty 

 on animal models, 63 
 delayed gastric emptying with, 664 
 laparoscopic, 557 
 results of, 538 

 Pylorus, controversy with, 664 
 Pyrimidine analog, mechanisms of, 424 

 Quality of life 
 anastomotic site’s impact on, 673 – 674 
 with c hemoradiotherapy, 675 – 678 
 with complications, 675 
 defi nition of, 669 
 with defi nitive chemoradiotherapy, 637 
 esophagectomy’s impact on, 704 

 cross-sectional studies on, 670 – 671 
 longitudinal studies on, 671 – 672 

 factors predicting diminished, 672 – 674 
 function scores, 672 
 as informed consent issue, 372 – 375 
 measuring, 669 – 670 
 after multimodal therapy, 657 
 after neoadjuvant therapy, 419 
 patient questionnaires on, 670 
 prognosis of, 669 

 Rabbits, as animal models, 62 
 Race, incidence rates by, 106 
 Radial echoendoscope, 155 
 Radiation 

 delivery of, 270 
 DNA as target of, 271 
 DNA damage by, 423 
 hydration impacted by, 651 
 optimal dose of, 237 
 physics of, 269 – 270 
 target of, 271 
 toxicity of 

 chronic, 655 – 656 
 heart and lung, 275 

 types of, 269 
 Radiation pneumonitis 

 characteristics of, 655 
 incidence of, 656 
 in therapeutic setting, 394 – 395 
 treatment of, 656 

 Radiobiology, 271 – 272 
 Radiochemotherapy.  See  Chemoradiotherapy 
 Radiofrequency ablation (RFA) 

 advantages/disadvantages of, 459 
 balloon-based, 455 
 for BE, 445 
 for EC , 455 – 456 
 effectiveness of, 445 
 ER  vs. , 436 
 for HGD, 455 – 456 
 mechanisms of, 445 
 sequence in, 446 
 technique of, 455 

 Radiography, postoperative, 644 – 645 
 Radiologists, in MDCT, 364 
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 Radiopaque nasogastric tube, 528 
 Radiotherapy.  See also  External beam radiotherapy; 

Intensity modulated radiation therapy; Three-
dimensional conformal radiotherapy 

 adjuvant, 231 
 alone, 235 
 cardiac dose from, 395 – 396 
 chemoradiotherapy  vs. , 404 – 405 
 chemotherapy  vs. , 236, 403 – 404 
 clinical implementation of, 272 – 273 
 complications with, 650 – 651 
 contrast agents for, 392 
 in dysphagia palliation, 732 – 733 
 history of, 269 
 laser therapy with, 740 
 for locoregional disease, 464 
 lung dose from, 394 
 multidisciplinary approach of, 273 
 neoadjuvant, 222, 232, 382 – 383 
 normal tissue dose recommendations for, 396 
 palliation with, 765 
 patient position for, 391 
 PET fo r, 174 – 175 
 planning of, 273 – 274, 394 – 398 
 postoperative pulmonary complications from, 395 
 pre-planning for , 391 – 394 
 pulmonary toxicity of, 394 
 radiation pneumonitis from, 394 – 395 
 recurrence rates after, 683 
 for recurrent esophageal cancer, 476 – 477 
 risk from, 34, 111 
 side effects of, 274 – 275 
 surgery alone  vs. , 231 – 232, 402 – 403 
 target volume defi nition for, 392 – 394 
 trials on, 465 

 Rami, emergence of, 21 
 Rat models, 61 

 characteristics of, 63 – 64 
 IM in, 65 
 types of, 61 

 Rat surgery on, 64 
 Reactive oxygen species (ROS), DNA damage with, 423 
 Reassortment of cells, 272 
 Receptor oligomers, 246 
 Receptor TKs (RTKs), activation of, 245 – 246 
 Reconstruction route 

 antsternal, 547 
 orthotopic, 546 
 posterior mediastinum, 546 
 retrosternal, 546 – 547 

 Reconstruction time, 547 
 Recurrent esophageal cancer 

 after chemoradiation, 475 
 chemotherapy for , 476 – 477 
 endoscopic palliation for, 477 – 478 

 patterns of, 681 – 683 
 patterns with, 473 – 474 
 PET of, 173 
 prognosis of, 477 
 radiotherapy for , 476 – 477 
 after s urgery, 474 – 475 

 Reed-Sternberg cell, 352 
 Regurgitation, active, 513.  See also  Mass 

regurgitation 
 Religiosity, assessment of, 712 
 Renal cancer, metastases of, 356 
 Reoperation, quality of life with, 675 
 Reoxygenation, of cells, 272 
 Repair of cells, 272 
 Replacement c onduit, 507 – 509 
 Repopulation of cells, 272 
 Research staff, in MDCT, 364 – 365 
 Resectable patient, 279 
 Resolvins, 486 
 Respiratory complications, incidence of, 640 
 Respiratory diverticulum, development of, 5 
 Respiratory failure 

 as mortality predictor, 659 
 as surgical complication, 640 
 types of, 475 

 Respiratory insuffi ciency, quality of life with, 675 
 Respiratory system, primordial, 5 
 Respiratory therapy, postoperative, 640 – 641 
 Respiratory tract, mechanic compression of, 293 
 Restaging 

 accuracy of, 202 
 algorithm for, 206 
 with C T, 201 – 202 
 with EU S, 202 – 203 
 with PET, 170 – 171, 203 

 Retrosternal discomfort, cause of, 301 
 RFA.  See  Radiofrequency ablation 
 Rhabdomyosarcoma, 162, 348 
 Rings, Schatzki’s, 9 
 Robotics, 503 
 Rocuronium, anesthesia with, 516 
 ROS.  See  Reactive oxygen species 
 Roux en Y loop, 544 
 Roux limb, 508 
 RTKs.  See  Receptor TKs 
 Rubber band ligation, of leiomyoma, 492 

 Sackett’s diagnosis criteria, 74 
 Salivary gland type adenocarcinoma 

 incidence of, 341 
 types of, 341 – 343 

 Salvage esophagectomy 
 as back up, 637 
 challenges of, 635 – 636 
 complications with, 475 
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 after defi nitive chemoradiotherapy, 475, 635 
 morbidity of, 634 – 635 
 mortality of, 634 – 635 
 outcomes of, 636 
 post-surgery, 474 – 475 

 Sarcoma location, 162 
 Sarcomatoid carcinoma, characteristics of, 343 
 Satinsky clamp, 526 
 SCC.  See  Squamous cell carcinoma of the esophagus 
 Schatzki’s rings, 9 
 Schwannomas 

 characteristics of, 41 
 clinical aspects of, 312 
 commonality of, 311 
 diagnosis of, 349 
 pathology of, 312 – 313 
 size of, 495 

 Scleroderma, as risk factor, 220 
 Secondary cancers, resection of, 358 
 Selective serotonin reuptake inhibitors (SSRIs), pain 

management with, 717 
 Self-retaining retractor, 577 
 Sensation, centers of, 22 
 Sepsis 

 causative factors of, 485 
 as salvage esophagectomy complication, 475 

 Sequelae at surgery, 514 – 515 
 Sequential endoscopic dilation, metastatic disease 

treatment with, 357 
 Serial ascertainment, 780 
 Serial calcium levels, 623 
 Serial mechanical dilators, metastatic disease treatment 

with, 357 
 Serotonin antagonists, as antiemetic agents, 652 
 Serum albumin, as complication predictor, 634 
 Sevofl urane, anesthesia with, 516 
 Sézary syndrome, 352 
 Shared decision making, 369 
 Short e sophagus, 9 – 10 
 Shutter-speed model, 180 
 Side effects 

 discussing, 703 – 704 
 of r adiotherapy, 274 – 275 

 Signaling cascades, discovery of, 428 
 Signal intensity, time courses of, 180 
 Signet ring cell features, 337 
 Silk suture, 607 
 Simple-snare technique, 443 
 Single nucleotide polymorphisms (SNPs), 777 

 example of, 94 
 molecular outcome studies with, 775, 779 
 results of, 93 

 Skin fl aps, bipedicled, 621 
 Sleep disturbances, assessment of, 711 
 Small caliber transnasal esophagoscopy, 636 

 Smoking.  See also  Tobacco use 
 complications from, 512 
 pulmonary complications and, 660 
 wound healing with, 501, 512 

 Smoking cessation 
 complication reductions with, 640 
 team, 364 – 365 

 Smooth muscle actin, 305 
 SNPs.  See  Single nucleotide polymorphisms 
 SNS.  See  Specialized nutrition support 
 Social workers, in MDCT, 364 – 365 
 Socioeconomic status, 111 
 Sodium porfi mer.  See  Porfi mer 
 Sonic hedgehog gene, 4 

 in gastric fundus, 50 
 Sorafenib, mechanisms of, 429 
 Specialized nutrition support (SNS), guidelines for, 483 
 Spectral bandwidth, 147 
 Sphincter, lower esophageal 

 extrinsic component of, 16 
 fi bers of, 12 
 intrinsic component of, 15 
 low pressure unit of, 14 – 15 

 Sphincter, pyloric, 538 
 Sphincter tone, cricoid pressure’s infl uence on, 513 
 Sphincter, upper esophageal 

 function of, 13 
 high pressure zone of, 12 

 Spindle cell carcinoma, gross characteristics of, 333 
 Spirituality, assessment of, 708, 712 
 Splenectomy, as THE complication, 580 
 Sprague-Dawley rat, 61 
 Sputum clearance, 501 
 Squamous cell carcinoma of the esophagus (SCC) 

 biology of, 33 
 biopsy of, 334 
 conventional growth patterns of, 332 
 defi nition of, 331 
 demographic characteristics of, 103 – 107 
 differentiation of, 332 – 333 
 epidemiology of, 33 – 34, 103 
 epigenetic abnormalities of, 36 
 etiological fac tors, 107 – 112 
 gene therapy for, 36 – 37 
 genetic polymorphisms in, 95 
 geographic variability of, 331 
 GERD with, 27 
 grading of, 332 
  H. pylori  with, 110 
 incidence patterns of, 104 – 106, 473 
 invasive, 331 – 333 
 molecular alterations in, 35 
 mortality patterns of, 103 – 104 
 pathological complete response rate with, 420 
 precursor lesions of, 34 – 35, 334 
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 prognosis with, 473 
 protective factors for, 108 
 proteomics of, 36 
 risk factors for, 34, 108, 331 
 staging of, 153 
 superfi cial, 333 
 survival patterns of, U.S., 106 – 107 
 tracer accumulation in, 168 
 variants of, 333 – 334 

 Squamous cell dysplasia, as precursor lesion, 334 
 Squamous cell papilloma, characteristics of, 161 
 Squamous differentiation, 337 
 Squamous epithelium, injury to, 49 
 SRES.  See  Stepwise radical endoscopic resection 
 SSRIs.  see  Selective serotonin reuptake inhibitors 
 Stage migration, lymphadenectomy with, 586 – 587 
 Staging.  See also  Restaging; Tumor, node, metastases 

system 
 of cervicothoracic esophageal cancer, 618 
 cost-effectiveness of, 158 
 with C T, 185 – 186 
 of EAC, 153 
 of early neoplastic lesions, 435 – 436 
 with EMR , 191 – 192 
 with ER , 435 – 436 
 with EU S, 155 – 157, 186 – 187, 435 
 inadequacies with current system of, 210 – 211 
 laparoscopic, 196 – 197 
 by MDCT, 364 
 modalities for, 452 
 after neoadjuvant therapy, 214, 414 
 non-invasive, 195 – 196 
 with PET, 168 – 170, 187 – 188 
 precise, 185 
 prognosis prediction performance with current, 

213 – 214 
 proposed revisions to, 214 
 of SCC, 153 
 surgical, 197 – 198 
 thoracoscopic, 196 – 197 
 TNM system of, 185 
 trials on, 408 

 Stapler 
 circular, 526 – 527, 630 
 linear, 527, 571 
 removal of, 559 
 size of, 526 

 Stem cells, esophageal, 33 
 Stenosis 

 concurrent luminal, 158 
 congenital e sophageal, 8 – 9 
 malignant, 158 
 from SRES, 443 

 Stenotic vessel dilation, 640 

 Stent.  See also  Drug-eluting stents 
 characteristics of, 727 
 complications with, 730 – 732 
 covered metal, 727 
 dysphagia palliation with, 725 
 effi cacy of, 730 – 732 
 endoscopic placement of, 728 – 730 
 expandable, 477, 725 – 727 
 expandable m etal, 726 – 727 
 foreign, 728 
 laser  vs. , 740 – 741 
 metastatic disease treatment with, 357 
 for perforated esophageal cancers, 759 – 760 
 rigid plas tic, 725 – 726 
 silicon  vs.  metal, 477 

 Stent harvesting, 532 
 Stenting 

 coronary, 500 
 palliation with, 477, 725 
 as palliative modality, 477 
 of perforated esophageal carcinoma, 759 – 760 

 Stepwise radical endoscopic resection (SRES), 443 – 445 
 Steroid injection, intralesional, 454 
 Steroids, indications for, 501 
 Stomach conduit, 508 

 cervical anastomosis conduit with, 538 – 539 
 conduit for mation, 538 – 539 
 historical use of, 535 
 intrathoracic fi nal conduit formation with, 538 
 ischemic conditioning with, 541 
 laparoscopic technique for, 539 – 541 
 lymph node dissection with, 537 – 538 
 open surgical technique with, 536 
 patient position for, 536 
 preoperative examination of, 535 
 procedure choice with, 538 
 skeletonization of, 536 – 537 
 vascularization of, 536 
 whole, 539 

 Stomach mobilization, 600, 603 – 605 
 Stool work-up, 654 
 Stratum basale, 16 
 Stratum intermedium, 16 
 Stratum superfi cialis, 16 
 Stricture.  See also  Anastomotic stricture 

 as APC complication, 456 
 cervical, 733 
 dilation treatment of, 665 
 lye-induced, 473 

 Stripping technique, 550 
 Stroke, 642 
 Subcarinal nodes, 210 
 Subclinical leaks, 532 
 Submucosa, contents of, 16 – 17 
 Submucosal lesions, lymphadenectomy with, 587 

Squamous cell carcinoma (continued )
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 Succinylcholine, anesthesia with, 516 
 Sufentanil 

 anesthesia with, 516 
 palliation with, 718 

 Sugammadex, anesthesia with, 516 
 Sunitinib, characteristics of, 263 
 Superfi cial cancer, therapy for, 451 
 Supramesocolic area, assessment of, 562 
 Supraspinal centers, 22 
 Surface maturation, of dysplasia, 118 
 Surgeons, in MDCT, 364 – 365 
 Surgery.  See also  Minimally invasive surgery 

 alone, 2 31 – 232, 402 – 404, 46 3 – 464 
 on animal models, 62, 64 
 chemoradiotherapy  vs. , 234 – 235, 40 4 
 chemoradiotherapy with, 372, 386, 466 – 468 
 chemotherapy  vs. , 232 – 233 
 chemotherapy with, 250, 371 
 complication risk from, 412 
 history of, 277 – 278 
 iatrogenic events in, 280 
 indications for, 662 
 individualized treatment with, 279 – 280 
 intraoperative therapy with, 280 
 for le iomyoma, 317 – 318 
 for locoregional disease, 463 – 464 
 multidisciplinary team for, 279 
 nutrition afte r, 643 – 644 
 outcome after, 283 
 patient preparation for, 500 
 patient selection for, 278 – 279, 500 
 postoperative care after, 280, 639 
 preoperative assessment for, 278 – 279 
 principles of, 278 
 radiotherapy  vs. , 231 – 232, 402 – 403 
 recurrence after, 474 – 475, 683 
 resection c ompletion, 280 – 281 
 sequelae at, 514 – 515 
 treatment without, 235 

 Surgical palliation, 753 
 Survival, prediction of, 187 
 Swallowing function.  See also  Barium swallow; 

Contrast swallow 
 insults to, 280 
 tests of, 661 

 Sympathetic blocks, palliation with, 718 
 Sympathetic nervous system, 20 – 22 
 Symptom assessment instruments, 707, 709 
 Symptom Distress Scale, 707 
 Synovial cell sarcoma, diagnosis of, 348 

 Tailored treatment, rationale for, 219 
 Targeted therapy 

 agents for, 429 
 future of, 428 – 430 

 introduction of, 219 
 trials of, 256 – 257 

 Taste, altered, 481 
 Tattoos, alignment with, 394 
 Taxanes 

 characteristics of, 248 
 treatment with, 221 

 TCAs.  See  Tricyclic antidepressants 
 T-cell neoplasms, 352 
 TEA.  See  Thoracic epidural anesthesia 
 TED stockings, 501 
 Teletherapy, 270 
 Telomerase 

 as novel target, 264 
 upregulation of, 36 

 Telomeres 
 esophageal adenocarcinoma’s, 31 
 shortening of, 57 

 Temperature, monitoring of, 515 
 Tenting sign, 293 
 THE.  See  Transhiatal esophagectomy 
 Thermal therapy, dysphagia treatment with, 737, 

742 – 744 
 Thiopental, anesthesia with, 516 
 Thoracic epidural anesthesia (TEA), 515 

 advantages of, 640 
 effi cacy of, 520 
 postoperative pain treatment with, 520 
 process of, 521 
 risk of, 520 – 521 

 Thoracic esophagus, 11, 17 
 Thoracic leaks, 532 
 Thoracoscopic Chamberlain procedure, 197 
 Thoracoscopy 

 MIE with, 554 
 ports for, 554 
 right-sided, 197 
 staging with, 196 – 197 

 Thoracotomy 
 THE without, 575 – 576 
 in en bloc resection, 593 – 594 
 esophagectomy, 503 

 Thorax, in en bloc resection, 593 – 594 
 Three-dimensional conformal radiotherapy (3D-CRT), 

396 
 Three-fi eld esophagectomy 

 dissection technique, 592 
 fi eld defi nitions in, 584 
 rationale for, 583 

 Thromboembolism, prophylaxis against, 501 
 Thromboprophylaxis, agents for, 645 
 Thrombotic microvascular occlusion, 501 
 Thromboxane, proinfl ammatory response of, 486 
 Thymidylate synthase inhibitor, 424 
 Thyroid, malignancies of, 617 
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 Thyroid vein, ligation of, 619 
 Time course, pharmacokinetic, 180 
 Tissue macrophages, 125 
 Tissue oxygenation, 520 
 TKs.  See  Tyrosine kinases 
 Tobacco use 

 adenocarcinoma from, 107 
 alcohol’s interactions with, 109, 138 
 pain perception with, 512 
 patient history of, 501 
 perioperative morbidity with, 512 
 SCC from, 34, 107 
 wound healing and, 501, 512 

 Tofts model of pharmacokinetic analysis, 180 
 Tonic regulation, 24 
 Topoisomerase inhibitors 

 characteristics of, 248 – 249 
 mechanisms of, 424 

 Total parenteral nutrition (TPN), 644, 662 
 TPN.  See  Total parenteral nutrition 
 Tracheal tear, as THE complication, 579 
 Trachea, malignancies of, 617 
 Tracheoesophageal fi stula, 5, 8 

 as stent complication, 730 
 survival with, 767 

 Traction injury, 280 
 Tramadol, palliation with, 717 – 718 
 Transdifferentiation process 

 differentiated cells undergoing, 53 
 incomplete, 6 

 Transfusion reaction, 515 
 Transhiatal esophagectomy (THE), 503 

 abdominal phase of, 576 – 577 
 anesthesia for, 576 
 cervical anastomosis with, 578 – 579 
 cervical phase of, 577 
 complications with, 579 – 581 
 factors favoring, 504 
 history of, 575 
 indications for, 576 
 mediastinal dissection in, 578 
 mortality and morbidity from, 507 
 operative technique of, 576 
 outcomes afte r, 504 – 507 
 patient selection for, 576 
 postoperative care after, 579 
 preoperative preparation for, 576 
 pulmonary complications with, 660 
 recurrence rates after, 682 
 without thor acotomy, 575 – 576 
 transhiatal dissection in, 578 
 TTE compared with, 505, 584 – 585 

 Transhiatally extended total gastrectomy 
 approach in, 627 
 for EAC , 627 – 630 

 en bloc mobilization in, 629 
 esophagojejunal anastomosis in, 630 
 pouch with, 630 
 retractor use in, 629 
 strengths and weakness of, 631 
 transabdominal access in, 629 
 wide exposure with, 627 

 Transmembrane glycoproteins, 245 
 Transmural necrosis, 442 
 Transthoracic esophagectomy (TTE) 

 THE compared with, 505, 584 – 585 
 factors favor ing, 503 – 504 
 mortality and morbidity from, 507 
 outcomes afte r, 504 – 507 
 pulmonary complications with, 660 

 Trastuzumab 
 characteristics of, 261 
 mechanisms of, 429 

 Tricyclic antidepressants (TCAs), pain management 
with, 716 

 Triglycerides, elevated, 662 
 Trimodality therapy, chemoradiotherapy  vs. , 427 – 428 
 Trisomy 18, 5 
 True cut needle, 162 
 T stage, determination of, 156 
 TTE.  See  Transthoracic esophagectomy 
 Tube feeding, 484 

 access of, 486 
 combined-modality therapy with, 653, 655 
 nasoenteric placement of, 487 
 palliation with, 755 

 Tumor.  See also specifi c tumor  
 classifi cation of, 161 
 defi nitions of, 210 
 growth kinetics of, 243 – 244 
 hypoxic regions of, 423 
 infi ltration depth of, 435 
 mutation of, 244 
 tracer uptake by, 168 

 Tumor cell growth kinetics, 243 – 244 
 Tumor invasion, intramucosal  vs.  submucosal, 192 
 Tumor, node, metastases system (TNM system) 

 classifi cation with, 209 – 210 
 goal of, 209 
 primary tumor status in, 210 
 proposed revisions to, 214 
 revision of, 195 
 stage groupings in, 210 
 staging with, 185 

 Tumor suppressor genes, 31 
 abnormalities of, 35 – 36 
 function of, 55 
 as novel target, 224 
 role of, 57 

 Tylosis, as risk factor, 473 



 INDEX 811

 Tyrosine kinases (TKs) 
 anti-EGFR, 259 – 260 
 inhibitors of, 245 

 UDCA.  See  Urso-deoxycholic acid 
 UGI.  See  Upper gastrointestinal images 
 Ulceration, differential diagnosis of, 308 
 Ultrafl ex stent, characteristics of, 727 
 Ultrasonic sheers, 537 
 Ultrasound.  See  Endoscopic ultrasound 
 Unfractionated heparin (UFH), 645 
 Upper gastrointestinal images (UGI), 644 – 645 
 Urso-deoxycholic acid (UDCA), 86 – 87 

 VACTERL syndrome.  See  Vertebral, anorectal, cardiac, 
tracheal, esophageal, renal, and limb syndrome 

 Vagal-sparing esophagectomy, 494 
 comparison of, 550 
 indications for, 551 
 rationale for, 550 
 reconstruction after, 550 

 Vagotomy, vascularization after, 535 
 Vagus nerve, 7, 22 
 Varices, esophageal, 512 
 Varix, esophageal, 311 
 Vascular endothelial growth factor (VEGF) 

 expression of, 261 – 262 
 family of, 429 
 moAb, 262 – 263 
 potency of, 261 
 targeting of, 225 

 Vascular fl ap viability, among smokers, 512 
 Vasoconstriction, 501 
 VATS.  See  Video assisted thoracic surgery 
 Vecuronium, anesthesia with, 516 
 VEGF.  See  Vascular endothelial growth factor 
 Venous thrombosis (VTE), manifestations of, 645 
 Ventilation 

 mechanical, 475 
 as mortality predictor, 659 
 postsurgical outcomes infl uenced by, 519 
 single-lung, 517 
 tidal volume of, 519 

 Ventilation-perfusion mismatch, 517 
 Ventilator dependence, 515, 634 
 Ventricular rate, control of, 642 
 Veress needle, 494 
 Verrucous carcinoma 

 caulifl ower-like, 331 
 gross characteristics of, 333 
 growths of, 160 

 Vertebral, anorectal, cardiac, tracheal, esophageal, 
renal, and limb syndrome (VACTERL 
syndrome), 8 

 VFSS.  See  Videofl uoroscopic swallow study 

 Vicryl sutures, 607 
 Video assisted thoracic surgery (VATS), hemangioma 

treatment with, 305 
 Videofl uoroscopic swallow study (VFSS), 661 
 Vienna classifi cation, 435 
 Vinca alkaloids, characteristics of, 248 – 249 
 Vindesine, characteristics of, 248 
 Vinorelbine 
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 effi cacy studies on, 374 
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 Vitamin defi ciency, as risk factor, 220 
 Vocal cord immobility, 660 
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 Volatile inhalational agents, anesthesia with, 516 
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 assessment of, 708 
 incidence of, 651 
 among smokers, 512 
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 treatment of, 652 – 653 

 VTE.  See  Venous thrombosis 

 Wallstent, 726 – 727 
 Warfarin, 521 
 Weight loss 

 cause of, 301 
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 Wistar rat, 61 
 Wound healing 
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 smoking’s impact on, 501, 512 
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 Xenobiotic metabolism, polymorphisms in, 98 
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