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There are few books in relation of cervical
cancer, but a good number of articles
reporting the prevention programs and
management of the surgical, radiotherapy
and the Systemic treatments. Our interest is
to give you in this book information about the
history of the cervical cytology and the most
recent epidemiology and the State of the Art
in all aspects of prevention, diagnosis and
the different treatments. Statistics Reports in
2012 were registered more than 14 millions
new cases and 8.2 millions deaths in women
and men, Cervical cancer is the third most
common malignancy among women, with
approximately half a million newly diagnosed
cases and over 200,000 deaths annually,
85% of women dying from cervical cancer
reside in developing countries

We dedicate this book to all women that have
had cervical cancer and also to all women
that they are able to detect the early disease,
also to gynecologist and oncologist as well
the general physicians that are in charge in
the management of these patients. Hoping
that some day in the future we can erradicate
this disease with more aggressive preventive
programs and the development of new
vaccines.

Jaime G. de la Garza-Salazar



Preface

Cervical cancer is the third most common malignancy among women, with approxi-
mately half a million newly diagnosed cases and over 200,000 deaths annually.
Although most cases of cervical cancer can be prevented by routine screening and
treatment of precancerous lesions, cervical cancer is the leading cause of cancer
mortality among women in developing countries.

Every year in our institution treat hundreds of patients with this neoplasia, and
we want to improve the results. Dr. Jaime G. de la Garza-Salazar, Medical
Oncologist, has promoted for decades the fight against cancer in Mexico and Latin
America, with medical education, investigation and diffusion. Dr. Jaime G. de la
Garza-Salazar thought of this book as an opportunity to drive the best results in
diagnosis, treatment, palliation and research available to all doctors in the world
who face this type of cancer.

With the support of Dr. Meneses and Springer this effort sees the light.

The aim of the present book is to present a general view of the Cervical Cancer
and improve the prognosis of patients with this disease.

Virtually all cases of invasive cervical cancer are associated with infection by
high-risk strains of human papilloma virus (VPH). Effective primary and secondary
prevention programs, as well as effective treatment for early-stage invasive cancer
have dramatically reduced the burden of cervical cancer in high-income countries;
85% of the mortality from cervical cancer now occurs in low- and middle-income
countries.

Despite the fact that the HPV vaccine protects against high-risk HPV and has
been available since 2006, only 33.4% of girls age 13—17 have completed the 3 dose
vaccine.

The treatment of cervical cancer is stage-specific. While early stage disease can
be cured with radiotherapy or surgery, the most effective treatment for locally
advanced stage patients is concurrent chemotherapy and pelvic irradiation. Typically,
once weekly cisplatin is administered intravenously while a combination of external
beam radiation and brachytherapy is used to treat the pelvic tumor.

Recent findings from large scale genomic sequencing of human cervical tumors
has suggested that targeted therapies may present a better option. Of note, it was
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viii Preface

recently shown that addition of angiogenesis inhibitor, bevacizumab, to combination
chemotherapy in patients with recurrent, persistent, or metastatic cervical cancer
improved median overall survival. Despites advances in treatment, patients with
metastatic cancers and those with recurrent or persistent disease have limited treat-
ment options.

In this work, we discuss the literature supporting novel drug delivery strategies
for cervical cancer treatment and highlight some of the current advancements
in local and systemic treatments, for early and advanced disease.

We have special focus in persistent and recurrent cervical cancer, the Palliative
Care constitutes an option oriented toward improving the life quality and symptom
management of these patients and that of their relatives. The early and integral
incorporation onto the handling is important for the symptomatology, physical, psy-
chological and spiritual relief of these patients.

Mexico City, Mexico Flavia Morales-Vasquez
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Chapter 1
Introduction

Jaime G. de la Garza-Salazar, Abelardo Meneses-Garcia,
Oscar Arrieta-Rodriguez, José Luis Aguilar-Ponce,
and Paula Juarez-Sanchez

Abstract Cervix epidermoid carcinoma (CxCa) is the most frequent neoplasia of
the feminine genital tract among the so-called third world countries. In countries
referred to as first world countries early detection and treatment has given positive
long-term results in women with CxCa. In Western Europe, Australia and New
Zealand, for every 100,000 women diagnosed at least two will die from this disease.
According to the WHO, in eastern Africa the amount of deaths among 30-year-old
women is much higher (27.6%).

Although most cases of cervical cancer can be prevented by routine screening
and treatment of precancerous lesions, cervical cancer is the leading cause of cancer
mortality among women in developing countries.

The aim of the present chapter is to present a general view about the history of
the Cervical Cancer, we think this knowledge improve today the results in the man-
agement of these patients.

Keywords Cervical cancer ¢ Papanicolaou ¢ Chemotherapy ¢ Radiotherapy e
Metastasis ® Neoplasias
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Cervix epidermoid carcinoma (CxCa) is the most frequent neoplasia of the female
genital tract among the so-called third world countries. In countries referred to as
first world countries early detection and treatment has given positive long-term
results in women with CxCa. In Western Europe, Australia and New Zealand, for
every 100,000 women diagnosed at least two will die from this disease. According
to the WHO, in eastern Africa the amount of deaths among 30-year-old women is
much higher (27.6%). In detection campaigns, the most useful technique so far has
been the Papanicolaou procedure, however it has some weak points, including “false
positives” results that lead to unnecessary and repetitive biopsies; even worse is the
report of “false negative” results, where the changes go unnoticed. This facts
together with the socio-cultural problems of countries such as Africa, set back even
more the successful detection and standard treatment of the disease [1]. Race, ethnic
group and immigration status contribute to the high prevalence of CxCa in the US
by making pelvic exploration and Papanicolaou sampling a forbidden practice
because of cultural and language barriers [2].

The statistic reports of 2012 registered more than14 million new cases and 8.2
million deaths [3]. In that same year, more than 83,000 women were diagnosed with
CxCa [3] and almost 36,000 of them died from this disease in America. If current
trends are not changed, the number of deaths in Latin America will raise 45% by the
year 2030.Death rates are three times higher in Latin America and the Caribbean
than in North America, which evidences their enormous health disparities.
Approximately 85% of the women dying from CxCa reside in developing countries.
In the US, the early clinical stages of the disease have reported a substantial increase
in women under 26 year’s old [3, 4].

1.1 History of the Vaginal Cytology

There is an interesting story behind Vaginal Cytology, the most effective method for
the early detection of CxCa and it’s a story not known by most of gynecologists nor
oncologists. Is the eponym of the vaginal exfoliative cytology an exam designed by
Papanicolaou, by Felix-Archimede Pouchet (Fig. 1.1), by Eliseo Ramirez, by Aurel

Fig. 1.1 Felix-Archimede Pouchet
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Babes-Constantin Daniel or by both Charles Stockard and Giorgio Papanicolaou
[5-7] (Fig. 1.2). Actually, it seems that the gynecological study was initiated in
Paris by the naturalist Felix-Archimede Pouchet (1847), who studied the morpho-
logical changes associated with the normal menstrual cycle [5].

It has long been discussed whether the vaginal exfoliative cytology exam should
be called “Papanicolaou test”. Mexicans say that the founder of such an exam, who
was even credited for it by the Greek Papanicolaou, was the Mexican Eliseo
Ramirez-Ulloa (Fig. 1.3). Meanwhile, the Romanians will say that the test was
designed by Aurel Babes and Constantin Daniel; for this reason the bibliography
should be revised to clarify any doubts regarding this matter.
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Fig. 1.2 Constantin Daniel, Charles Stockard, Aurel Babes and George Papanicolaou

Eliseo Ramirez-Ulloa José Pedro Arzac-Rodriguez

Fig. 1.3 Eliseo Ramirez-Ulloa and José Pedro Arzac-Rodriguez
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George Papanicolaou mention in a publication on the Am. J. Anat. on 1933 as
follows:

“A Mexican gynecologist, Ramirez published, in 1928, a study of the human vaginal smear
cycle. He recognized five provisional types of cells: I) Cells with a large and round nucleus
clearly outlined, finely reticulated, and taking a violet-reddish color with Leischmann’s
stain; cytoplasm reticulated, pale-blue, with or without inclusions. II) Cells with a large
round or oval nucleus having a thick reticulum, granular or semigranular; cytoplasm spongy,
bluish, with inclusions and vacuoles. III) Cells with a much smaller nucleus having a thick
reticulum or forming granules, irregularly outlined, taking a blue-violet color; cytoplasm
condensed, bluish, vacuolated with inclusions. IV) Cells with a small, pyknotic granular or
simply structureless nucleus of bluish or wine shade; cytoplasm spongio-granular with
abundant inclusions and with or without large vacuoles. V) Anucleate cells and cells with
only a trace of a nucleus. The nucleus appears as a mass of granules, which seem to be
dispersed in the granular cytoplasm. All the granulations, nuclear or cytoplasmic, display
the same bluish color”. “Ramirez found that during menstruation the prevailing cellular
type is: I (49 per cent), II (27 per cent), III (20 percent), IV (4 per cent), and V (0); leuco-
cytes, scarce at first, increase toward the end. During the post menstrual period (2-3 days
after menstruation), the cell percentages were as follows: I (1 per cent), II (9 per cent), I1I
(24 per cent), IV (60 per cent), V (6 per cent); many polynuclear neutrophilic leucocytes.
During the early interval (4-8 days after menstruation): I (0), II (15 per cent), III (25 per
cent), IV (52 per cent), and V (8 per cent). During the interval (8 days after menstruation):
1(0), IT (1 per cent), III (42 per cent), IV (45 per cent), and V (12 per cent); leucocytes
exceptional” “Ramirez found the leucocytes scarce in the beginning and increasing in num-
bers toward the end of menstruation. Shortly after menstruation, there were many poly-
morph nuclear neutrophilic leucocytes. With the end of menstruation, epithelial cells
showing small pyknotic nuclei exceeded gradually in number those with larger nuclei. Cells
encumbered with leucocytes, as observed by us especially toward the end of the menstrual
phase, have been occasionally seen by Moser, though not in relation to any definite stage”.

1.2 History of the Vaginal Cytology in Mexico

Patricia Alonso de Ruiz [7] says:

The cytological studies on our country date from many years ago, in the twenties from
last century; Dr. Eliseo Ramirez Ulloa performed some morphological studies, evaluat-
ing the cellular characteristics of the material peeled during the menstrual phase and it
points out some interesting morphological data, this descriptions can be found on both
the recompilation of his works and on the no-longer-published Mexican Journal of
Biology. Afterwards, during the forties, Dr. José Pedro Arzac managed to get the staining
reactives after reading some of the work of Dr. Papanicolaou and traveling to the US to
meet with him. After evaluating a considerable amount of cases at the Sanatorio Espaiiol,
Dr. Arzac published his findings in the Mexican Journal of Gynecology and Obstetrics
[7], where he clearly mentions the advantages of using cytology to identify malignant
cells [7].

Jestis Kumate-Rodriguez [7] says:

Eliseo Ramirez (1888-1940), a self-learning investigator, made the most important and
original contribution of this century to medical sciences: he discovered the morphological
changes of the vaginal cytology that take place during the menstrual cycle and was 6 months
ahead of the discoveries of Dr. Papanicolaou. However, his findings went largely unnoticed
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rRer puhlidu 1913 una m_-
b ciclo vaginal humano, no fué
que Stockard ¥ Papanicolaou inicia-
estudios sistemiticos al respecto

Fig. 1.4 Dr. José Pedro Arzacs publication

because of factors such as Dr. Ramirez publishing in mexican journals of local distribution,
having written in spanish and the absence of receptive media that would have given rise to
critics, stimulus, and more projection of his discovery... [7].

On the same paper mentioned above, Fernando Quijano-Pitman says:

A very important contribution of that decade was the one accomplished by Eliseo Ramirez,
with the vaginal cytology test to study the menstrual cycle; this lead to the establishment of
the cytological diagnosis of cervix cancer, which was later on expanded to the cytological
diagnosis of other regions and organs. This technique is now called Papanicolau test. This
author, acknowledged in several occasions with all due honorability and integrity, the prior-
ity of Eliseo Ramirez, who should be considered as the father and initiator of cytological
diagnosis [7].

On 1945, the Mexican researcher José Pedro Arzac (Fig. 1.3) published an article
(Fig. 1.4) referring to the works that he carried out together with Dr. Ramirez [7].

1.3 The Work Submitted to the Mexican Association
of Gynecology and Obstetrics (1945), the References
Uses Obsolete Parameters

Traditional we know that CxCa is a multifactorial disease that is consistently influ-
enced by the age at which sexual activity started, the number of sexual partners, a
low socio-economic and cultural status, the number of births and tobacco
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consumption. The finding of some of the carcinogens of tobacco in cervix mucous
has led to the supposition of their association and participation in the carcinogenesis
of the latter. The association between CxCa and the use of the contraconceptives
mentioned by some authors is still a matter of discussion [8]. A pending issue to be
solved is that of women with CxCa who are also seropositive for Human
Immunodeficiency Virus (HIV); in these patients the cervical dysplasia is multi-
focal, of rapid progression and highly recurrent (although it is possible that they
pass away earlier because of the immunodeficiency).

Up until now, the treatment for HIV+/HPV+ women that present cervical
intraepithelial neoplasia (CIN) is not so effective, and often the standard treatment
for VIH/AIDS can reduce the symptoms of early lesions. Women with advanced
CxCa and VIH/AIDS generally receive the same treatment than women without
VIH/AIDS [9].

In Mexico, during the last years the frequency and late diagnosis of CxCa has
importantly diminished and is now preceded by the primary carcinoma of the
mammary gland, which is first in frequency and death rate; this has been because of
the early detection programs for both diseases initiated on 1995 with the “National
Program for the Prevention and Control of Cervical and Breast Cancer”. CxCa inci-
dence, the way it is presented and it’s relation with HPV-16, 18 will be subject to a
broad analysis and literature revisions in the matter of rate of prevalence, bio-
genetics and treatment [10—12] according to the accepted standards of diagnosis and
treatment (WHO, Society of Gynecologist Pathologists — SPG, FIGO).

The Human Papilloma Virus (HPV) has been marked as responsible for the
malignant transformation of the cervical epithelium and recently other molecular
alterations have been identified such as the over-expression of HER-2neu and c-myc
or the mutation of H-ras, K-ras or c-myc, which evidences the presence of other
factors (although these changes could be secondarily attributed to HPV). The inves-
tigations point at VPH genes E6 and E7, which might be involved in the etio-
pathogeny of CxCa, given that these genes stimulate cell proliferation by suppressing
the regulatory functions of Retinoblastoma protein (Rb) and that of p53 [13]. Other
factors associated with a bad prognosis are DNA ploidy, p27%?! expression, p53,
c-erbB-2 and COX2 [14].

Independent of the discoveries implicated in the etiology of CxCa, the HPV type
identified in the tumor seems to have an importance in the prognosis, reason for
which it has been proposed to analyze these groups as a complimentary part of the
cytological test. HPV 18, for instance, is associated to a particularly adverse prog-
nosis and it is not uncommon to find it in tumors with a low rate of survival. It is
possible that the new variations found on the L1 gene of this virus can be used in
the design of diagnosis reactives and an HPV vaccine [14, 15]. Recently two anti-
HPV vaccines have been commercialized (HPV4 and HPV?2) [16] based on non-
infectious particles that are similar to the virus and are obtained via DNA
recombination techniques. Both vaccines are equally safe and it has been proven
that they give almost full protection against pre-cancerous lesions. HPV vaccine for
girls and young adolescents (9-12 years old) can prevent up to 70% of the new
CxCa cases [17].
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The recommended dose of these vaccines for these particular groups is three
doses via intramuscular injection in a period of 6 months. The second and third
doses are applied two and 6 months after the first dose respectively. The vaccine
brand can be substituted for another during the three dose series. HPV vaccine may
be administered simultaneously to the vaccines [16]. The amount of doses required
from this vaccine is currently a matter of analysis; it has not yet been established if
booster doses are necessary. Some studies have shown that two doses are as effec-
tive as the three recommended doses [17].

Independent of the screening problems identified by the National Program for
the Prevention and Control of Cervical Cancer (PNDCU, according to its original
name in Spanish) such as coverage and quality [18], and in spite of the failure reg-
istered in programs based on vaginal cytology the Pap test continues to be the best
resource to reduce the CxCa mortality, and most likely can be improved with the
strategically use of the resources available (including scientific, economic and
screening resources) in each of the 32 states of the Mexican Republic in order to
create and apply a surveillance system that not only allows early detection but also
guaranties timely treatment.

We know that the death rate of this neoplasia is three times higher in Latin
America and the Caribbean than in the rest of North America. This fact evidenced
the enormous differences that exist in health and the roll of sociocultural factors, for
which it has been estimated that the treatment of these groups followed by the treat-
ment of the identified pre-cancerous lesions, is a cost-effective prevention strategy
of great value. In 2004 the Mexican Health Secretary created the Popular Insurance,
which cover 100% of the expenses for the integral treatment of women with early or
advanced lesions in the cervix (including diagnose, surgery, radiotherapy and che-
motherapy). Thanks to this insurance early diagnose and integral treatment have
considerably increased the healing of this disease and prolonged the survival of
patients with CxCa [19].

In our experience and in accordance with the recommendations of the American
Joint Committee (AJCC) and those of FIGO established to determine the TNM
Classification (Tumor, Nodes and Metastases) and the clinical stage (Table 1.1), we
consider as fundamental elements the history and clinical exploration (abdominal
and pelvic) associated with other laboratory studies and/or studies such as X rays,
(thorax and urography), computerized tomography, magnetic resonance using the
emission of ultra-fine particles of iron oxide (USPIO), positron emission tomogra-
phy (PET), whose sensibility and specificity is between 99 and 100%. The study of
the sentinel lymph node seems to be a good option to define a pelvic lymphadenec-
tomy [20].

Once the CxCa has been established, the treatment is, in general terms, multi-
disciplinary (surgery, radiotherapy, chemotherapy and target therapy) and must be
fundamental in the clinical and laboratory findings. The cone biopsy, cryotherapy
and/or surgical electro-incision are procedures recommended for ECO to 1Al and
invasion of the endocervix have been discarded. Clinical stage and histology are
both invaluable information to define the therapeutic conduct (adenocarcinoma has
lower survival rates than epidermoid carcinoma when compared stage by stage)
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Table 1.1 TNM and FIGO classification for Cérvix Carcinoma

(T) Primary tumor, (N) Lymph nodes, (M) Metastasis

TNM FIGO | Surgical-pathological Characteristics

system

X Primary tumor cannot be evaluated

TO There is no evidence of the primary tumor

Tis Carcinoma in situ (pre-invasive carcinoma )

T1 1 Cervix-confined carcinoma (with no dispersion to the uterus)

Tla 1A Invasive carcinoma, microscopically diagnosed, maximum stroma
invasion with no more than 5 mm from the epithelial-base and horizontal
extension of 7 mm or less. Invasion of vascular space (venous or
lymphatic) does not affect classification

Tlal 1A1 Invasion of the stroma with a depth <3.0 mm and horizontal extension
<7.0 mm

Tla2 1A2 Invasion of the stroma with a depth >3.0 mm and horizontal extension <5.0

T1b IB Clinically visible, cervix- confined lesion or microscopic lesion with
characteristics of T1a/IA2

T1bl IB1 Clinically visible lesion with <4.0 cm as its maximum size

T1b2 1B2 Clinically visible lesion with >4.0 cm as its maximum size

T2 1II Carcinoma that invades the lower portion of the uterus but not the pelvic
wall or that invades on its lower portion a third of the vagina

T2a ITA Tumor without parametrial invasion

T2al IIA1 Clinically visible lesion with <4.0 cm on its greater diameter

T2a2 ITA2 Clinically visible lesion with >4.0 cm on its greater diameter

T2b 1B Tumor with parametrial invasion

T3 1 The tumor extends to the pelvic wall and/or includes on its lower portion a
third of the vagina and/or causes hydronephrosis or obstructs renal function

T3a 1A The tumor invades on its lower portion a third of the vagina without
extending to the pelvic wall

T3b 111B The tumor extends to the pelvic wall ad causes hydronephrosis (renal
insufficiency)

T4 v The tumor invades the mucous tissue of the bladder or that of the rectum
and/or extends below to the true pelvis (bullous edema is not enough to
classify the tumor as T4)

T4a IVA The tumor invades the mucous tissue of the bladder or that of the rectum
(bullous edema is not enough to classify the tumor as T4)

T4b IVB The tumor extends beyond the true pelvis

Regional lymph nodes (N)

NX Regional lymph nodes cannot be evaluated
NO Without metastasis to regional lymph nodes
N1 With metastasis to regional lymph nodes

Distant metastasis (M)

MO

Without distant metastasis

Ml

With distant metastasis (including peritoneal dissemination; compromising of
the lymph nodes from the supra-ventricular, mediastinum or para-aortic regions;
lungs, liver or bones)

Cervical Cancer Staging: Cecelia H Boardman, MD; Chief Editor: from Memorial Sloan-
Kettering — Yukio Sonoda, MD
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besides, analysis of surgical margins allows to evaluate for additional treatments.
Radical trachelectomy (for EC, IA2 and IB), originally described on 1986 by the
French gynecologist Daniel Dargent, allows young women to retain their reproduc-
tive function. Lymphadenectomy is performed afterwards.

Simple hysterectomy (abdominal or robot-assisted laparoscopic) and radical
hysterectomy are prescribed in case of EC, IA2, IB and least frequent in young
women with EC IIA. Pelvic exenteration is used to treat a recurrent CxCa. This
technique removes: the bladder, vagina, rectum, might also include part of the colon
depending on the extension of the neoplasia. Reconstruction includes nel-bladder
with urostomy and colostomy. Vaginal reconstruction is possible and will be refer-
enced broadly on the designated chapter.

Pelvic lymphadenectomy is usually carried out during simple or radical hyster-
ectomy or during trachelectomy [21]. The patients that are primarily treated with
surgery, with positive margins, lymphovascular space invasion and lymphatic
metastasis must receive concomitant chemo-radiation.

External radiotherapy (for EC IB1) plus 3D based MRI brachytherapy seems to
improve the local control of the disease. Complementary hysterectomy after the
radiotherapy evaluated by the RTGO group in a randomized trial did not show sur-
vival differences between both arms and only showed a potential benefit for women
with persistent disease. Another option is combined radio-surgery.

EC IB2 standard treatment is chemo-radiotherapy. The most frequently used
scheme for chemotherapy is Cisplatin (40 mg/m [2]) in a weekly scheme. Acute
gastro-intestinal and hematologic toxicity are frequent. The usefulness of adjuvant
therapy post-chemo-radiation has not yet been defined nor extensively studied,
however a randomized study with cisplatin and gentamicin proved to be useful.
Complementary surgery can be an option for patients with persistent disease.

In Mexico, we began the chemotherapy for patients with advanced CxCa with
good results over 42 years ago (de la Garza et al. 1973) (Fig. 1.5). We studied 25
patients of the Oncological Hospital of the Mexican Institute, IMSS, (according to
its original name in spanish) who presented advanced CxCa (15 with pelvic activity,
six with lung metastasis and five with hepatic metastasis). We used 5-fluorouracil
(5-FU), cyclophosphamide, vincristine, and methotrexate. In those years, it was
hard to convince oncologists (surgeons and radiotherapists) of the potential benefit
of the treatment. One patient’s lung metastasis disappeared completely, demonstrat-
ing in Mexico that CxCa was sensitive to chemotherapy treatment [22].

1.4 Chemotherapy and Concomitant Radiotherapy
for Cervical Cancer

In 1999, Rose P.G. et al. performed an innovative, randomized trial using radio-
therapy and three regimes of concurrent chemotherapy, in representation of the
Gynecological Oncology Group, in patients with advanced CxCa. On the first group,
they used only cisplatin (40 mg/m [2] for 6 weeks). The second group received
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Fig. 1.5 The Mexican
publication: Prensa
Meédica de México.
Marzo-Abril 1973
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cisplatin (50 mg/m [2] on days 1 and 29) followed by 5 FU in 96 h days 1 and 29
(4 g/m [2]) and orally administered hydroxyurea (2 g/m [2], twice a week). The third
group received only orally hydroxyurea (3 g/m [2]). The women included had epi-
dermoid carcinoma, adenosquamous carcinoma and adenocarcinoma in stages I1IB,
IIT o IVA without compromised lymph nodes. The group concluded that the radio-
therapy and chemotherapy regimens that included cisplatin improved the survival
rate and progression-free survival among the women with locally advanced CxCa.

“Based on significant improvement in both progression-free survival and overall survival
when cisplatin-based chemotherapy was administered during radiation for various stages of
cervical cancer. Led The National Cancer Institute to issue an alert: released a clinical alert
to practicing oncologists on February 23, 1999 [23]”

On 2002 Rose PG and Bundy BN analyzed and compared six clinical trials
(GOG: Gynecologic Oncology Group; SWOG Southwest Oncology Group; RTOG
Radiotherapy Oncology Group y del NCIC National Cancer Institute of Canada)

[24] and noted:
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“This clinical alert outlined the findings of the five clinical trials that had been completed
and recommended “. . . strong consideration should be given to the incorporation of con-
current cisplatin-based chemotherapy with radiation therapy in women who require radia-
tion therapy for treatment of cervical cancer.” These five randomized trials, involving
approximately 1,800 women, demonstrated a 30% to 50% improvement in survival when
cisplatin-based chemotherapy was administered concurrently with radiation therapy, in
this issue”.

On the other hand, Rose PG said [25]:

“Based on the results of these five randomized trials, the National Cancer Institute (NCI)
released a Clinical Announcement stating that cisplatin-based chemotherapy, as used in
these trials (i.e. concurrently with radiation therapy), as the new standard of therapy for
cervical cancer”

Pearcey et al [26], “reported in a National Cancer Institute of Canada (NCIC)-spon-
sored trial comparing cisplatin-based chemotherapy given concurrently with radiation ver-
sus radiation alone for patients with locally advanced cervical cancer. This represents the
sixth randomized trial that uses cisplatin-based chemotherapy administered concurrently
during radiation therapy for cervical cancer. The authors, who conclude . . . the balance of
evidence favors the use of combined-modality treatment for the types of patients studied in
this trial.”

In another study carried out in Mexico in which neo-adjuvant chemotherapy
(NAC) was used on patients with CxCa EC IB and IIA and that was published on
2000, Dueias et al. [27] reported that besides giving an elevated rate of response, the
combination of cisplatin, vincristine and bleomycin (PVB) seems to reduce the risk
factors for recurrence (Fig. 1.6). NAC is still a matter of polemics on an internation-
ally level and is currently under investigation by the EORTC (55994). A systematic
revision with meta-analysis of individual patient data has proven the superiority of
NAC followed by surgery, in terms of global survival. In spite of the results NAC is
not consider standard treatment for two reasons: the inferiority of the control arm
(radiotherapy only) compared with the current standard, and the second reason: the
results of the GOG 141. The combined chemotherapy on EC IVB based on cisplatin
and topotecan has a potential benefit on the average total survival, on the period free

. Articib erignal Canceérologa

Quimioterapia neoadyuvante en

pacientes con carcinoma epidermoide de

céavix estadio 182 y IA.

Resultados preliminares de un estudio aleatorizado
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Fig. 1.6 Jaime de la Garza and Alfonso Duenas — The Mexican publication: Cancerologia



12 J.G. de la Garza-Salazar et al.

of disease and in the number of responses. A study of the GOG compared four dou-
blets of cisplatin and showed no superiority against the scheme that uses cisplatin plus
paclitaxel.

For many patients with locally recurrent disease and/or metastasis palliative che-
motherapy can be an option. In some cases with central pelvic recurrence, pelvic
surgery is recommended and radiotherapy might result useful [24] in patients who
have not been previously radiated.

Usually, in patients with CxCa in early clinical stages local treatment is enough;
this does not apply for patients with an advanced disease because in many women
there is relapse to the initial treatment due more to chemo-resistance rather than to
the tumors extension; this has made it necessary to focus on investigating new thera-
peutic strategies such as molecular ones. Now days, only 15-20% of the patients
respond to chemotherapy. Cisplatin is the most used drug perhaps because it induces
a response in 20-40%, nonetheless relapses are not rare. Recently, many combina-
tions have been tried with modest results; only the combination of cisplatin with
topotecan seems to be more effective.

Molecular CxCa studies on CaSki and SiHa cell lines have analyzed the problem
of chemo-resistance (both cell lines include an integrated form of HPV16) and have
found that both types of cell respond differently to the treatment with cell-death
inducing agents (epirubicin). CaSki cells are more sensible to these treatments than
SiHa cells, which suggests that the levels of p53 and/or pro-caspase 8 could be
involved. Chemo-resistance is a multifactorial process in which the differences in
neoplasic reproduction [28] could be involved, or the differences in angiogenic
capacity, which could complicate the distribution of anti-neoplasia medication
(bioavailability).

The follow-up of treated patients with CxCa includes gynecological exploration,
Pap test every 3 months during the first two years, every 6 months during the next 3
years and annual basis from the on. PET/CT is usefully in the early detection of
local recurrence and/or metastasis.

1.5 The Sexuality of CxCa Patients

The appearance or confirmation of the disease undoubtedly generates fears, anguish
and survival expectations that deteriorate the personality. This topic is poorly treated
and not known even though it constitutes a real and current concern. Whether it is
as a direct consequence of the disease, or because of the treatments, or because of
the combined impact some couple pre-existing problems might arise or become
exacerbated. Some problems are directly related to the disease (dispauremia, ane-
mia and anorexia). However, sexuality (proximity and physics contact) remains
present even in the terminal patient. There is no doubt that the specialists must care-
fully evaluate this problem and the physician, with the sole propose of providing the
cancer patient with a satisfying life quality [29].
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1.6 Other Primary Tumors of the Cervix

1.6.1 Epithelial Lineage Tumors

There are other metaplastic changes that occur in the cervical epithelium (glandular
or stromal) that represent different stages of a morphological continuum (from
increasing stage dysplasia, to in situ carcinoma and invasive cancer). In this regard,
glandular atypical dysplasia has become a matter of recent discussion [30]. It was
initially described in pregnant women with a history of use of oral contraceptives,
inflammatory diseases or in irradiated patients; for this reasons its relevance as a
pre-malignant lesion is not widely accepted [31]. According to some informs the
percentage of cases like the former associated with a cervical or endometrial malig-
nant tumor is high. Nine percent to thirty-eight percent of women with CIN level 2
or 3 present in situ adenocarcinoma and 3—17% have invading carcinomas [32, 33].
Malignant adenomioma can be associated to the Peutz-Jeghers syndrome has muta-
tions of the STK11 gene (a tumor suppressor gene responsible for the syndrome
localized in 19p13.3) [34, 35].

The endocervical carcinoma has a different prognosis and treatment than those
used for the epidermoid carcinoma. This neoplasia constitutes only a fraction of the
malignant cervical neoplasias (15-20%), its cytological diagnose is less effective
than with the epidermoid variant [36]. It affects young women and, apart from the
smoking habit, it shares similar risk factors to the epidermoid variety (especially the
infection with the oncogenic variants of HPV). In advance stages they are difficult
to treat (are more resistant to radiotherapy, have shorter periods of tumor-free sur-
vival and its prognosis is less favorable). Adenosquamous variants seem to be asso-
ciated to the use of oral contraceptives and like the papillary or villoglandular
variants they share as triggering factor the HPV infection.

The WHO recognizes and classifies this tumors (Table 1.1 and 1.2) [37, 38].
Other tumors that do not fit in the described categories are:

* Adenosquamous carcinoma
* Carcinoma of polished-glass cell

Table 1.2 WHO, infiltrating I. Mucinous Adenocarcinoma
adenocarcinomas

II. Endometrioid Adenocarcinoma

Endocervical

Intestinal (enteroid)

Signet ring cells

Minimum deviation

Villoglandular
III. Clear-cell Adenocarcinoma

IV. Serous Adenocarcinoma

V. Adenocarcinoma Mesonephric
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e Adenoid-cystic carcinoma

¢ Adenoid-basal carcinoma

¢ Neuro-endocrine carcinomas
e Carcinoid

» Typical carcinoid

e Small cell carcinoma

* Big cell carcinoma

¢ Undifferentiated Carcinoma

Polished-glass cell carcinoma constitutes 1-2% of cervical carcinomas. It pres-
ents itself in young women, its growth is fast and there is usually early distant
metastasis; has a poor response to radiotherapy but the results with chemotherapy
are promising. This tumor lacks on hormone receptors (to estrogen or progester-
one). The density of eosinophil infiltrate as part of the immune-inflammatory
response in the tumor should be a study subject. The adenoid-cystic carcinoma pres-
ents itself in black women <60 years old. It is an aggressive recurrent tumor with
metastasic tendencies.

1.6.2 Neuro-endocrine Tumors

It was originally recognized in the cervix by Albores-Saavedra on 1972 [39]. The
small cell variant constitutes merely 5% of all the primary carcinomas of the
cervix and the variant of big cells represents 0.087-0.6% of cervical carcinomas;
it has been reported that both subtypes are associated to HPV 16, 28, 31 and 33
[40], they are characterized by their highly aggressive behavior and its tendency
to give rise to early metastasis. In these cases the rate of 5-year survival s 54.8—
31.5%. Because of its rareness, there is no consensus on the treatment of these
neoplasias [41, 42]. Mixed histopathological presentation is less frequent and,
Aely Riu et al. have recently reported it in a 26-year-old patient, association with
HPV 18 and 16 was proven, which leads to the supposition that anti-HPV vaccine
could be of use.

1.6.3 Mesenchymatous-Origin Tumors

Primary leiomyoma of the cervix are rare. The malignant variant is also rare.
Polypoid lesions of fibrous-connective and glandular component (adenomyoma and
adenofibroma) are usually benign and their cervical location is not frequent.
Miillerian mixed tumor is also not frequent in cervix compared with it counterpart
in the uterus. More frequent in post-menopausal women and is usually a polypoid
mass. Miillerian adenosarcoma shows malignant changes in the mesenchyma.



1

Introduction 15

1.7 Metastatic Tumors on to the Cervix

The rarity of metastasis of an extra-genital carcinoma to the cervix has been attrib-
uted to high fibrous content, centrifugal lymphatic drainage, reduced blood flow, the
small anatomical size and finally the lack of systematic studies of the cervix looking
for the lesion and the tendency to only consider the existence of primary carcinomas
in the cervix.

Metastasis to the cervix do occur and mainly in breast stomach and colorectal

carcinomas [43-47].
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Chapter 2
Cervical Cancer Epidemiology

Nancy Reynoso-Noveron, Adriana Pena-Nieves, Maryori Ortiz Rodriguez,
and Alejandro Mohar-Betancourt

Abstract Cervical cancer is a worldwide public health problem. In 2012, cervical
cancer was the fourth most common disease in women and the seventh around the
world, representing approximately 9 of every 10 deaths in less developed regions
(87%). In Mexico, its relevance is also considerable; it is the neoplasia with the
second highest incidence rates and the second leading cause of death among women
of all ages. The most affected age groups are from 50-59 and 30-49 years old.
Persistent infection with human papilloma virus (HPV) is a necessary factor for its
development. There are certain risk factors that have been associated with cervical
cancer, such as tobacco consumption, sexually transmitted diseases (STDs), oral
contraceptive use and age at onset of sexual activity. In federal states such as
Morelos or Chiapas, this disease has a greater impact on mortality partly because of
social differences among the population. Although the strengthening of detection
procedures, treatment and timely diagnosis have contributed to an important
decrease in the mortality attributed to this cause in our country, there is still a need
to keep improving the areas of prevention and promotion.
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2.1 Impact of Cervical Cancer (CC)

2.1.1 Inthe World

In spite of being preventable, cervical cancer (CxCa) is the fourth most common
type of cancer among women and the seventh among the general population. In
2012, 528,000 new cases were reported, accounting for an age-adjusted incidence
rate of 14.0 per 100,000 women (Fig. 2.1). High-risk regions (with estimated age-
standardized incidence rates of >30 per 100,000 women) include eastern Africa
(42.7), Melanesia (33.3) and southern and middle Africa (31.5 and 30.6,

.
.t

> 30.2
20.6-30.2
13.6-20.6
7.9-13.6
<79

I No data Not applicable

Fig. 2.1 Worldwide estimated incidence of cervical cancer in 2012* (Source: GLOBOCAN,
2012. Map production: IARC. World Health Organization http://globocan.iarc.fr/Pages/fact_
sheets_cancer.aspx). *Estimated age-standardized rates per 100,000 women

B No data [ | Not applicable

Fig. 2.2 Worldwide estimated mortality of cervical cancer in 2012*. GLOBOCAN, 2012. Map
production: IARC. World Health Organization http://globocan.iarc.fr/Pages/fact_sheets_cancer.
aspx. *Estimated age-standardized rates per 100,000 women
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respectively). The lowest rates were present in Australia/New Zealand (5.5) and
western Africa (4.4). In 2012, approximately 266,000 deaths were estimated around
the world, which represents 7.5% of all female deaths attributed to cancer and an
age-standardized mortality rate of 6.8 per 100,000 women (Fig. 2.2) [1].

Of the World Health Organization (WHO) regions, Africa and southeastern Asia
have the highest mortality around the world (21.5 and 11.3 deaths per 100,000,
respectively). Notably, approximately 9 of 10 deaths due to this malignant tumor
occur in less developed regions [1]. A large majority of the global burden (approxi-
mately 85%) occurs in the less developed regions, where it accounts for 12% of
almost all cancer cases in women. This disease affects primarily young women of
low socio-economic status during their reproductive age, which also impacts their
families. Thus, this type of cancer demonstrates the lack of equality in health status
that exists [2].

2.1.2 Latin America and the Caribbean

According to GLOBOCAN, in 2012 in Latin America and the Caribbean, cervical
cancer had an age-standardized rate of incidence of 21.2 per 100,000 women and a
mortality rate of 8.7 per 100,000 women, which represents approximately 69,000
new cases and approximately 29,000 deaths. It is the second most common malig-
nant tumor only after breast cancer, which is responsible for more new cases (27%
and 12.2%, respectively) and deaths (14.9% and 9.9%, respectively) in these
regions.

The countries with the highest estimated mortality rates are Guyana, Nicaragua,
Paraguay, Surinam, Belize and Haiti, and those with the highest age-standardized
incidence rates are Guyana, Surinam, French Guiana, Nicaragua and Paraguay
(Table. 2.1). The estimated 1-year prevalence rate for this disease in the adult popu-
lation is of 54,508 cases, but it is expected that the prevalence rates are four times
higher (227,273 cases) (Fig. 2.3) [3].

Regarding the mortality rates in the year 2012, 28,565 deaths were reported in
this region, with an age-standardized rate of 8.7 per 100,000 women. This rate cor-
responds to 10.7% of all deaths around the globe [3].

Currently, in the Americas, it is estimated that deaths due to CxCa are responsi-
ble for a great amount of years of potential life lost. As reported by the Pan-American
Health Organization (PAHO), 74,855 women of 13 different countries of Latin
America died because of cervical cancer between 1996 and 2001, of which 50,032
were from 25 to 64 years old. This finding indicates that more than 1.56 million
years of potential life were lost because of the premature death of these women.
When the morbidity burden is calculated in disability-adjusted life-years (which is
equivalent to losing 1 year of healthy life), the WHO estimations suggest that in
Latin America, this disease is responsible for 471,000 disability-adjusted life-years,
which implies a much higher burden in comparison to any other type of cancer in
women [4].
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Table 2.1 Incidence and mortality rates of malignant cervical neoplasia in the Americas in 2012

Incidence

Pais New Cases Deaths rate® Mortality rate?
Argentina 4956 2127 8.2 8.4
Bahamas 44 15 20.6 7.0
Barbados 44 15 254 7.2
Belice 43 17 32.7 14.9
Brasil 18,503 8414 16.3 7.3
Chile 1441 734 12.8 6.0
Colombia 4661 1986 18.7 8.0
Costa Rica 297 116 11.4 4.4
Cuba 1287 569 17.1 6.7
Ecuador 2094 1026 29.0 14.0
El Salvador 823 388 24.8 11.9
Guatemala 1393 672 223 12.2
Guayana Francesa 35 12 36.6 13.1
Guyana 161 71 46.9 21.9
Haiti 1048 575 24.9 14.6
Jamaica 392 185 26.3 11.9
México 13,960 4769 233 8.1
Nicaragua 934 424 36.2 18.3
Panama 351 134 18.7 7.1
Paraguay 1022 439 342 15.7
Pertd 4636 1715 32.7 12.0
Puerto Rico 259 84 11.4 2.8
Reptiblica Dominicana | 1507 600 30.7 12.3
Surinam 107 44 38.0 15.7
Trinidad y Tobago 209 105 24.5 12.0
Uruguay 402 175 19.0 7.1
Venezuela 4973 1789 32.8 12.3

Source: GLOBOCAN 2012 (IARC). Consulted: 29/01/2016
“Incidence and Mortality Rates were age-standardized for 100,000 women

In agreement with the PAHO data, in the Americas, 83,000 women were diag-
nosed with cervical cancer in 2012, and 36,000 of them died because of this disease.
If this tendency continues, the number of deaths will increase by 45% by 2030. The
death rates for Latin America and the Caribbean continue to be three times higher
than in North America, which serves as a testimony for the considerable inequalities
in health status that exist [5].

Regarding the number of deaths due to this cause, among all the other neoplasias,
ten countries stand out in the Latin America and Caribbean region, with proportions
higher than 11%. These same countries can be sub-classified into two groups, the
first sub-group, where >18% of the total deaths are due to malignant neoplasias
(Guyana, 21.3%; Paraguay, 18.7%; Haiti, 18.3%; and Suriname, 17.7%), and the
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Lung Colorectum
31,684 (2.1%) 110,700 (7.5%)
Ovary Corpus uteri

48,439 (3.3%) 69,684 (4.7%)

Cervix-uteri
227,273 (15.3%)

Stomach
40,299 (2.7%)

Non-Hodgkin lymphoma
25,456 (1.7%)

Fig. 2.3 Five-year estimated prevalence of cancer cases in women of Latin America and the
Caribbean in 2012. Total population: 1,481,296 women (Source: GLOBOCAN 2012 (IARC).
Consulted: 17/11/2015). Poblacion total: 1,481,296 mujeres. Fuente: GLOBOCAN 2012 (IARC).
Consultado el 17 de noviembre de 2015

second sub-group, where the ratio is slightly lower (Venezuela, Dominican Republic,
Trinidad and Tobago, Jamaica, Mexico and El Salvador) (Table 2.2) [3].

2.1.3 In Mexico

Both the incidence and mortality of this malignant neoplasia are associated with
demographic transition because there is a direct relationship between population
aging and the appearance of new cases. However, lifestyle and the response capacity
of the health departments limit the regional picture of this situation.

In México, cervical cancer is considered a public health problem, and this cancer
is the second most common cause of malignant tumors in women >25 years old.
Cervical cancer made up 9% (529,800) of all new cancer cases and 8% (275,100) of
the total of female deaths due to cancer in 2008. Unfortunately, this type of cancer
predominantly affects women in their reproductive years who find themselves in
a vulnerable economic and social state, which implies a considerable impact both
economically and socially and is currently the second cause of death by neoplasias
in women in their reproductive years (40-59 years old) as well as in older women
(55-59 years old) [6].
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Table 2.2 Ratio of malignant neoplasia-caused deaths due to cervical cancer in women of the
Americas in 2012

Total deaths by malignan Death by cervical Share of total
Country tumors* cancer (%)
Argentina 31,260 2127 6.8
Barbados 244 15 6.1
Brasil 103,606 8414 8.1
Canada 35,230 503 14
Chile 12,063 734 6.1
Colombia 19,052 1986 10.4
Costa Rica 2005 116 5.8
Cuba 10,351 569 5.5
El salvador 3379 388 11.5
Estados Unidos 293,353 6605 2.3
Guyana 333 71 21.3
Haiti 3146 575 18.3
Jamaica 1442 185 12.8
México 40,053 4769 11.9
Panama 1353 134 9.9
Paraguay 2345 439 18.7
Repiblica Dominicana | 4044 600 14.8
Surinam 248 44 17.7
Trinidad y Tobago 811 105 12.9
Uruguay 3756 175 4.7
Venezuela 11,280 1789 15.9

Source: GLOBOCAN, 2012
2All cancer types excluding non-melanoma skin cancer

2.1.3.1 Morbidity

The General Direction of Epidemiology of Mexico gathers information regarding
the incidence rates and number of new cases in their annual reports. These data
show that 3063 new cases were reported in Mexico in 2014 (incidence rate of 6.1
cases for every 100,000 women older than 10 years), whereas in 1992, the number
of cases reported was 4378; this represents a decrease of 30% in the total number of
cases presented in Mexico in the last 22 years. Considering the different age groups,
the highest incidence rate is present in women older than 45 years, specifically in
those between 60-64 years of age (incidence rate of 15.5), followed by those
between 45 and 49 years of age (incidence rate of 12.6), and last, but close to the
former, the group of women between 50 and 59 years old (incidence rate of 12.4; in
all three cases, the rates are calculated for every 100,000 women more than 10 years
of age).

The CxCa case distribution was heterogeneous across the different federal states
of the republic in 2014 (Fig. 2.4), with the highest incidence rates were reported in
the states of Colima, Campeche and Aguascalientes (43.4, 18.6 and 15.6 per 100,000
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Fig. 2.4 Number of new cervical cancer cases and incidence rates* by federal state. *Rates were
calculated per 100,000 women more than 10 years of age (Source: SUIVE/DGE/Secretariat of
Health/United States of Mexico)

women more than 10 years of age, respectively), and the lowest incidence rates
were reported in the states of Zacatecas, Oaxaca and Morelos (1.8, 1.5, and 1.3 for
every 100,000 women more than 10 years of age, respectively).

Of the total cervical cancer cases registered in 2014, the majority were reported
by the Mexican Social Security Institute (IMSS), followed by the Secretariat of
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Fig. 2.5 New cases per federal state and notifying institution in Mexico in 2014. IMSS: also
includes PROSPERA, and SED/SEM includes information from the Secretariat of National
Defense and the Secretariat of the Navy (SEDENA and SEMAR, respectively, according to their
original names in Spanish) (Source: SUIVE/DGE/Secretariat of Health/United States of Mexico)

Health and other institutions. In federal states where the Secretariat of Health is not
the main reporting institution, such as Jalisco, Nuevo Ledn, Yucatdn and Baja
California, its role is replaced by the IMSS or the Insurance and Social Security
Institute for State Workers (ISSSTE) (Fig. 2.5).

2.1.3.2 Mortality

Cervical cancer is the second cause of death due to cancer among women since
2006, and among the countries of the Organization for Economic Cooperation and
Development (OECD), Mexico is the country with the highest mortality rate because
of cervical cancer.

A total of 3784 female deaths were registered in Mexico in 2013, with a raw rate
of 7.0 deaths per 100,000 women. Specifically, in the group of women 25 years and
older, 3776 deaths were recorded, with a raw rate of 11.3 deaths per 100,000
women and an average age of death of 59 years old [5]. A total of 67,277 deaths
were registered between 1998-2013, and the most affected age groups were from
50 to 69 years old, followed by the group of 30-49 years of age, while the least
affected group was that of the youngest women (between 10 and 29 years old)
(Fig. 2.6).
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Fig. 2.6 Mortality due to cervical cancer by age group in Mexico in 1998-2013 (Source: General
Directorate of Information of the Secretariat of Health of Mexico. INEGI to elaborate the leading
causes of death with the Mexican list)

Between 2000 and 2013, the raw mortality rates fell from 18.9 to 11.3 deaths per
100,000 women above 25 years old, which represents a decrease of 40.2% in 13
years. If the federal states are considered during the last year (Fig. 2.7), there are
different impact levels of this neoplasia; note the mortality rates between 12.7 and
18.6 deaths per 100,000 women >25 years old in the states of Morelos, Chiapas,
Veracruz and Sonora (18.6, 17.2, 16.4 and 15.9, respectively) and the states with 8.1
or less deaths per 100,000 women >25 years old, which are Aguascalientes, Baja
California Sur and Mexico City [7].

2.2 Risk Factors

Studies indicate that persistent infection with human papilloma virus (HPV) is a
necessary requirement for the development of cervical cancer [8, 9]. It is transmit-
ted by sexual contact, affecting 8 of every 10 persons (men and women) at some
point of their life. Only one woman of every 10 that acquire this infection will
develop cancer [10]. Certain factors that were formerly believed to be associated
with an increased risk of developing cervical cancer are now known to be risk fac-
tors for HPV infection. Some of these risk factors are as follows [11-17]:
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Fig. 2.7 Cervical cancer mortality rate in Mexico in 2013

* Tobacco consumption

e STDs (herpes and chlamydia)

* Use of oral hormones

* Nutritional deficiencies

* Age of onset of sexual activity and absence of protection during adolescence
* High-risk sexual behavior throughout lifetime (multiple sexual partners)

This neoplasia is 100% preventable with measures such as vaccinating against
HPYV, using condoms, and avoiding tobacco consumption, as well as early detection
and treatment of pre-cancerous lesions.

In Mexico, the HPV type prevalence distribution is not known; recent studies
have reported the prevalence and genotype distribution of HPV in Mexico in women
with cervical cancer, with low- and high-grade squamous intra-epithelial lesions
and with normal cytology. Of 8706 samples of tissues from Mexican females, which
were stratified according to diagnosis (499, cervical cancer; 364, high-grade lesions;
1425, low-grade lesions; and 6418, normal cytology); the most frequent genotypes
were as follows [18]:

e HPV 16 (63.1%), HPV 18 (8.6%) HPV 58 and HPV 31 (5%) for CxCa
e HPV 16 (28.3%), HPV 58 (12.6%), HPV 18 (7.4%) and HPV 33 (6.5%) for
high-grade lesions
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e HPV 16 (13.1%), HPV 33 (7.4%), HPV 18 (4.2%), HPV 18 (4.2%) and HPV 58
(2.6%) for low-grade lesions
e HPV 16 (3.4%), HPV 33 (2.1%), HPV 18 and HPV 58 (1.2% for normal

cytology)

Additionally, a study conducted in heterosexual couples reported that the preva-
lence of HPV infection is 13.7% for women. The most frequently detected high-risk
types were HPVs 59, 16, 31, 52 and 58, and the low-risk types detected were HPV
62,71, 81 and 54 among women [19].

2.3 Evolution of the Cervical Cancer Program in Mexico

In the last decade, the reduction in mortality may be attributed to a low incidence
caused by the combination of prevention activities implemented in health services
together with diagnosis opportunity, treatment delivery and improvements in health
care service quality and access [20, 21].

In Mexico, actions have been taken to address public health matters in the last 10
years, which has increased the current understanding of this neoplasia. One such
example is Mexico’s National Institute of Cancerology, a public assistance institu-
tion created on November 25th, 1946, that specializes in providing treatment for
different types of cancer, together with the public health measures designed, includ-
ing national campaigns against cancer. In 1974, the first National Cervical Cancer
Early Detection Program was created, and it used the Pap test or cytology as the
means of detection because it had been established for decades, it was the reference
test for cervical cancer screening around the world, and it had reduced the mortality
of this disease in developed countries with plenty of resources [22].

In 1996, the health care system of Mexico had only enough resources and infra-
structure to carry out about three million Pap tests per year for a population of more
than 16 million women between 25 and 65 years old. In that same year, the official
Mexican standards dictated that Pap test were recommended on a yearly basis for
women with an active sexual lifestyle, without delimiting an age limit, and women
with a colposcopy diagnosis of HPV and even presenting slight dysplasia were
attended at the colposcopy clinic with cryosurgery, electro-surgery or laser in accor-
dance with the technical protocol of the country. At that same time, the National
Cervical Cancer Early Detection Program did not consider epidemiological surveil-
lance an important factor, which could have guaranteed the follow-up and treatment
of the anomalies detected in women in which a Pap test had been carried out [23].

In 1997, steps were taken to improve the early detection and surveillance of
patients, namely, the National Committee for the Prevention and Control of Cervical
and Breast Cancer was created. Then, in 1998, the Secretariat of Health created the
General Direction of the Prevention and Control of Cervical Cancer [24].
Additionally, since 2004, the Popular Insurance Program began including cervical
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Fig. 2.8 History of the actions implemented in the country to counteract CxCa (Source: Adapted
from the Secretary of Health. National Center for Gender Equality and Reproductive Health)

cancer with support from the Fund for the Protection of Catastrophic Expenses,
which means that any woman, no matter her economic situation or her geographical
location, could be attended free of charge in the accredited hospitals of the Popular
Insurance Program [25]. The recent implementations in the health care system, such
as programmed vaccination in an extended dose scheme, with two doses at 0-2
months or 0—6 months and a third dose after 60 months in girls between 9 and 11
years old (Fig. 2.8), are worth mentioning [26].

Finally, there is evidence that socioeconomic improvement and the implementa-
tion of early detection programs have significantly influenced the slowing and
reduction of the mortality rates due to cervical cancer. In Mexico, this reduction is
a priority, and according to the results of the ENSANUT 2012, 44.3% of women
between 25 and 65 years of age had a Pap test performed in the year prior to this
survey, while 37.1 and 29.4% had their tests performed 1 year before the ENSANUT
2006 and ENSA 2000 surveys. In addition, in 2012, women were also administered
tests for the detection of HPV (10% of women between 35 and 50 years old)
(Fig. 2.9) [27].

However, despite the benefit of preventative care, there is still a tendency to
allocate a strong majority of healthcare expenditures for curative measures while
neglecting preventative efforts. Healthy eating habits, an increase in physical activity,
controlled alcohol consumption, and the promotion of safe sex and vaccination for
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Fig. 2.9 Prevalence of the use of the Pap test during the last 12 months in women between 25 and
64 years old. Mexico ENSA, ENSANUT 2006 and 2012 (Source: ENSANUT 2012)

the prevention of the main serotypes of HPV associated with this type of cancer can
reduce its incidence [10].

2.4 The Role of the Health Care System in Mexico to Prevent
Mortality and Morbidity Due to Cervical Cancer:
Conclusions

In spite of the difficulties, the health care system has managed to partially reduce the
mortality rate due to cervical cancer through a cervical cancer prevention program,
although not at the same pace at which it has been reduced in more developed coun-
tries. Thus, it is necessary to perform constant monitoring of the mortality rates due
to cervical cancer with the purpose of evaluating the advances made by these pro-
grams and determining the need for interventions. It is also necessary to implement
cancer archives based on the population to be able to evaluate the real impact of the
implemented interventions in the future and simultaneously design and carry out
interventions that allow us to develop prevention-focused policies that are more
cost-effective for the healthcare system [21].

It is also necessary to continue the improvement process. Integral programs that
include education, HPV vaccination, screening, treatment and palliative care,
together with a monitoring and evaluation component for the prevention and control
of cervical cancer, are key elements to reduce the impact of this disease.

Cervical cancer is the result of a persistent infection by certain types of HPV and
develops over the course of many years, offering various windows of opportunity
for its prevention, including vaccination, screening and treatment of pre-cancerous
lesions.
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Given the above-mentioned information, health promotion and education should

have the main objective of providing women, their families and the population with
the information that allows them to understand that cervical cancer is preventable;
therefore, it is necessary for women to receive the screening services that the health
service offers. Furthermore, women should be encouraged to receive appropriate
treatment when required and provided with better access to diagnostic services and
adequate and timely treatment.
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Chapter 3
Malignant Transforming Mechanisms
of Human Papillomavirus

H. Astudillo-de la Vega, E. Ruiz-Garcia, C. Lopez-Camarillo,
Jaime G. de la Garza-Salazar, A. Meneses-Garcia, and L. Benitez-Bribiesca

Abstract HPVs transforming activities represent the viral replication strategy that is
driven to replicate viral genomes and to establish long-term maintenance in a tissue.
High-risk-HPV-infected cells and carcinogenesis progression are terminal events,
since cancer cells contain integrated HPV genomes and do produce viral progeny.
High-risk HPV (HR-HPV) genome integration indeed represents a consequence of
HPV E6/E7- induced genomic instability. HR-HPV E6 and E7 proteins critically
contribute to viral life cycle and transforming activity. HR-HPV E7 proteins bind to
pRB and decreased efficiency. HR-HPV E6 proteins efficiently interact with TP53
and promote for TP53 degradation. High-risk HPVs can frequently persist for
decades in an infected host cell at a low number of copies. One of the events of HPV-
induced carcinogenesis is the HPV genome integration into a host chromosome, and
it is probably a failed viral mechanism. High Risk-HPV EG6 proteins and E7 contrib-
ute to immortalization of primary human epithelial cells by induction of telomerase
activity. Data evidences suggest that microbial dysbiosis is associated with malignant
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transformation, but future discussion and direction for microbiome in cancer research
(oncobioma) and particularly in HPV-associated human cancer could be evaluated as
causative causes that modulate initiation, progression, or cancer metastasis.

Keywords HPYV ¢ High risk-HPV ¢ Neoplastic transformation « HPV genome inte-
gration * C-myc ® E6 * pRb ¢ E7 ¢ p53 ¢ Telomerase ® Tumor metabolome ¢ Dysbiosis
* Oncobioma

3.1 HPYV Generalities, Life Cycle and Genome

“To avoid criticism, do nothing, say nothing, be nothing” Elbert Hubbard (writer)

Human papillomaviruses (HPVs) are members of the papovaviridae family. The
viral structure consists of a 72-capsomere capsid; capsomeres are two structural
proteins: 57 kD late protein L1 (80% of the viral particle) and 43-53 kD minor
capsid protein L2 [1]. The HPV absence of envelope makes them stable and let them
remain infectious for months in hostile environments [2]. The HPVs are present in
higher vertebrates, however, they show a species-specificity pattern but the horizon-
tal transmission from non-primates to humans has not been reported. HPV causes a
local infection in the stratified epithelia and induces a productive replication with
differentiation in a non-acute one, but produces a chronic disease where viral spread
and/or viremia do not occur. The life cycle of HPV is associated with the differentia-
tion program of epithelial cells. In normal epithelial cells, the only actively dividing
cells are present in the basal layers of the stratified epithelium, which is basically
formed by “transit amplifying cells” (TAC) and stem cells. Cells that are proliferat-
ing and can terminally differentiate are TAC and cells, which have the potential to
proliferate indefinitely, are stem cells, although they divide infrequently in order to
replenish the TAC pool [3]. After viral infection, HPVs deposit their double strand
DNA genome into nuclei of infected cells and establishes as extra-chromosomal
plasmids or episomes [4]. HPV gains entry to cells in the basal layer of the epithe-
lium that becomes exposed through micro-abrasions [4]. The HPV genome has
three genomic regions E and L genes, which are numbered according to the size:
4-kb early (E) region that encodes nonstructural proteins, 3-kb late (L) region that
encodes two capsid proteins (L1, L2 genes), and 1-kb noncoding long control region
(LCR) that regulates viral replication and gene expression (Fig. 3.1). Papillomavirus
life cycle is linked to the differentiation program of infected epithelium cells and
infects basal epithelial cells in the sole cell layer in the epithelium actively dividing.
Although integrin-6 has been related, HPV receptor(s) has not been characterized
[5]. Viral HPV-DNA is in the nuclei of infected host cells in a low copy number and
lately undergoes differentiation moving toward the epithelium surface. The mecha-
nism changes when the HPV-DNA is present in terminally differentiated cells; the
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Fig. 3.1 HPV Genome linear arrangement. HPV genome is small (8 kb), circular and with double
strand DNA. There are eight open reading frames (ORFs) expressed from a single polycistronic
transcript transcribed from a single strand of DNA. The Upstream Regulatory Region (URR) is in
the non-coding region and regulates viral transcription and replication. HPV genes are regulated
during differentiation by the virus early promoter (P97), the differentiation late-dependent pro-
moter (P742), and tow Polyadenylation signals (PolyA). E6 and E7 are oncogenes responsible of
the replication competence. E1 and E2 are genes of viral DNA replication and regulation of viral
transcription. E4 and ES are genes for late viral functions and L1 and L2 are genes for protein
capsids

virus replicates in a high number of copies, late genes are expressed, and progeny
virus is produced [6]. The HPVs are not lytic viruses and the progeny virus is shed
into the environment as a cargo within epithelial squamae. This review discusses the
various mechanisms of transformation and the roles HPV plays in cervical
carcinogenesis.

3.2 Transforming Mechanisms of HPV Viral Oncoproteins

HPVs potential to promote malignant transformation is the key for the low- and
high-risk classification created from observations of HPV types found in cancers as
high-risk (HR-HPV) and the ones found in benign lesions as low-risk (LR-HPV),
and by experimental evidence that demonstrated their abilities to modify prolifera-
tion and genome stability. The general molecular aspects and functions of human
papillomavirus proteins are shown in Table 3.1. The most important oncogenic pro-
teins are E6 and E7, because of their immortalizing and transforming high potential,
both in animal models and ‘in vitro’ models. The hallmarks of dysplasia lesions
(low and high grade) as precursor of cervical cancer are the expression of HR-HPV
E6/E7 genes; the expression of both genes contributes to genomic stability and
malignant progression [7]. HPV E6 is a 150-amino acid protein containing two
metal binding motifs (PDZ protein-binding motif), which acts as molecular orga-
nizing center for cellular signal transduction pathways [8]. There is a cellular
defense mechanism that induces synthesis of aberrant and/or viral DNA into dif-
ferentiated keratinocytes, which eliminates cells by selective and type-specific
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processes such as apoptosis, differentiation and senescence; the name of such mech-
anism is “trophic sentinel response” (TSR) [8]. One of the molecular mechanisms
of E6 protein to promote malignancy in epithelial cells is the induction of TP53
ubiquitination and proteasome degradation by retargeting E6-AP [9]. A consider-
able number of cellular proteins have been reported to associate with E6 (see
Table 3.1). HR-HPV EG6 proteins eliminate the TSR triggered by E7 expression
through inactivation of TP53 [10]. The HPV16 E6/E7 ORF cassette is regulated by
the epidermal growth factor (EGF) pathway; there is a natural gradient of EGF and
EGFR expression in the stratified epithelium, and it is the reason to assume that
EGF modulates E6/E7 splicing during the viral life cycle and transformation [11].
HPV E7 is a low-molecular-weight protein of approximately 100 amino acids with-
out intrinsic enzymatic activities. HPV-16 E7 oncoprotein has an amino-terminal
37-amino-acid residue similar to sequences of CR1 and to CR2 of Adenovirus E1A
protein (Ad E1A). CR1 sequences are responsible for the retinoblastoma tumor sup-
pressor protein (pRB) degradation and cellular transformation; CR2 sequences are
the pRB-binding site (LXCXE), necessary for cellular transformation. E7 carboxyl
terminus contains a metal binding motif for association with host cellular proteins,
which include histone-modifying enzymes, in order to contribute toward malignant
transformation. Such as AdEIA and SV40 T antigen, the HPV E7 protein interacts
with several host cellular proteins (see Table 3.1). The ability of HPV E7, Ad E1A,
and SV40 T antigen to associate with pRB is basic for the viral genome replication.
HR-HPV-derived E7 proteins interact with pRB more efficiently than the E7 pro-
teins encoded by LR-HPVs [12]. E7-interacting proteins, including transcription
factors, cell cycle regulators, and metabolic enzymes, appear to associate with
carboxyl-terminal E7 sequences [13]. The HPV E7 amino-terminal pRB binding
site protein has been implicated in histone deacetylase binding, a necessary event
for the HPV viral life cycle [14]. HPV-16 E6 and E7 oncoproteins over-regulate the
TGF-betal promoter in cervical tumor cells [15]. The HPV oncoproteins E6 and E7
have been implicated in the regulation of the Wnt/B-catenin pathway [16].

3.3 Genomic Integration of HPV and Host Genomic
Instability Induction as Basic Steps toward Malignant
Transformation by HPV

Cellular signal transduction pathways are dysfunctional in human solid tumors [17],
and it has been proposed the minimally oncogenic steps necessary to generate ‘in
vitro’ transformed human epithelial cells. The expression of simian virus 40 (SV40)
large tumor antigen (T), SV40 small tumor antigen (t), inactivates TP53 and pRb
tumor suppressors, just like the HPV E6 and E7 oncoproteins work; the catalytic
subunit of human telomerase (WTERT) which HPV E6 can activate transcriptionally,
and the activated H-Ras oncogene are required to transform primary human epithe-
lial cells [18]. Hence, the expression of HR-HPV E6/E7 oncogenes provides the
minimal carcinogenic hits for primary human epithelial cells transformation [19].
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HPYV infects differentiated squamous epithelial cells (growth arrested) incompetent
to support genome synthesis, but the HPV genome encodes functions that create
and/or maintain a genome replication competence in differentiated keratinocytes.
During the HPV life cycle, it is established a mechanism of long-term viral persis-
tence into the squamous epithelia. HR-HPVss have evolved specific molecular mech-
anisms to maintain the host immune evasion and escape to guaranty viral progeny
and not to induce an oncogenic process, which is not the natural function of the HPV
infection. One of the events of HPV-induced carcinogenesis is the HPV genome
integration into a host chromosome, and it is probably a failed viral mechanism. The
HPV genome integration occurs into common fragile sites of the human genome
[20], but there are not apparent hot spots for integration and no evidence for inser-
tional mutagenesis [21]. Papillomavirus E1 and E2 proteins play a role in viral rep-
lication. The papillomavirus E2 protein works: (i) as a DNA binding transcription
factor interacting with specific motifs (ACCN6GGT) in the LCR region [22]; (ii) as
a transcriptional activator or transcriptional repressor in keratinocytes [23]; (iii)
associated with viral DNA helicase E1 to modulate viral gene expression, in order to
increase the recognition of the origin and the viral genome replication [24]; (iv)
playing a role in viral genome segregation during cell division by tethering viral
genomes to mitotic chromosomes [25]; (v) in association with mitotic chromosomes
by interaction with the human bromo-domain protein Brd4 [26]. HPV genome inte-
gration to host genome follows a major specific pattern regarding the HPV genome
function, and the consequence is the consistently maintained expression of the viral
E6 and E7 genes, whereas other DNA viral genome regions (such as E2 region) are
deleted and/or their expression is disturbed [27]. The E2 loss expression is signifi-
cant and results in deregulated E6 and E7 expression; when it happens with HPV-16
an increased E6/E7 expression and stability after genome integration occurs [28],
and host cellular specific alterations of gene expression appears [29]. Infected cells
with integrated HPV genome that expresses E6/E7 have a selective growth advan-
tage in comparison with infected cells harboring episomal HPV genome. The con-
tinued E6/E7 expression in cervical cancer cells is an obligated process for
transformed phenotype maintenance [30]. HPV 16 and 18 integrations in high-grade
lesions are accompanied by chromosomal abnormalities [31]. HR-HPV genomes
are integrated into the host genome in the most invasive cancers, an increased ability
of HR-HPV types to integrate into host DNA compared to those with low-risk types
[32]. Extra-chromosomal HPV DNA is found in benign and low-grade lesions and
HPYV integration can be found in premalignant lesions grade 2/3 such as cervical
intraepithelial neoplasia (CIN2/3). LR-HPV types are rarely found integrated in
tumors, which was demonstrated by the absence of full-length E2 transcripts studies
of tissue specimens from patients with a history of benign early-onset recurrent
respiratory papillomatosis developing laryngeal cancer [33]. HPV integration dis-
rupts the E2 gene [34], so determination of absent amplification of E2 sequences has
been considered a molecular marker of integration or progression in cervical cancer;
unfortunately, the results obtained are ambiguous. Detection of early gene tran-
scripts by reverse-transcription PCR is more sensitive in cancers as well as in benign
or dysplastic cervical samples, in which the presence of integrated genomes
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correlates with the severity of the disease, especially for HPV 18 [35]. HPV genomes
integration is a failed step that affects both viral and host gene expression. Increased
E7 protein synthesis correlate with viral DNA integration where integrated viral
DNA confers growth advantages and phenotypic cellular changes with high-grade
neoplasia compared to extrachromosomal viral DNA cells. The disruption pattern in
the viral genome does not occur in the host genome, in contrast, HPV DNA
sequences integration uses preferential sites of human chromosomes and suggests a
non-random pattern of integration, for example, in cervical carcinomas it has been
observed HPV integration into and around the hTERT gene, which resulted in an
increase in hTERT expression [36], or HPV 18 DNA has been found integrated in
the proximity of c-myc gene in several cervical cancers, but surprisingly not up-
regulation of endogenous proto-oncogene expression was observed [37]. HPV 16
and 18 DNA sequences have been found integrated in particular chromosomal loci
known as common fragile sites in cervical cancers [37]. An association between the
loss of fragile histidine tetrads (FHIT) expression and progression of HPV 16-posi-
tive CIN has been demonstrated [38]. Invasive cervical cancers expressing HR-HPV
E6 and E7 transcripts contain normal FHIT transcription, while low amount of viral
transcripts were detected when FHIT was abnormally expressed, which suggests
that E6 and E7 could be repressed in the presence of FHIT aberrations [39]. An
intensive review of HPV integration sites in cervical dysplasia and cancer concluded
that integration is randomly distributed over the whole host genome with genomic
fragile sites predilection [40]. Modification of host cell genes that interfere with the
expression or function of viral genes will eventually contribute to immune evasion;
the tumor progression and invasion are an important event for malignant cellular
transformation [41]. We have to continue looking for the physical and functional
relevance of viral and cellular genes in the HPV-mediated transforming mecha-
nisms, since experimental evidence could be an indication that the major function of
HPV integration is the conservation and stabilization of HPV gene expression.
Human carcinogenesis is considered a genomic instability disease [42]. Human
solid tumors display aneuploidy, however; transformed human cells generated ‘in
vitro’ maintain their genome stability [43]. Therefore, genomic instability is not a
generic manifestation of oncogenic transformation but represents a tumor cell char-
acteristic to acquire genetic alterations necessary for the survival and clonal expan-
sion within the emergent neoplasia changing microenvironment [44]. Recently, it
has been demonstrated that beyond HPV-induced immortalization, the chromosomal
aberrations are inversely related to the HPV type immortalization capacity, which
means that HR-HPV types with reduced immortalization capacity, needs more
genetic host cell aberrations to facilitate immortalization and these could explain the
differences in HPV-type prevalence in cervical cancers [45]. The combined expres-
sion of HR-HPV E6 and E7 proteins in cervical cancer cells causes inactivation of
p53 and pRb tumor suppressor pathways and induces telomerase activation; these
signal transduction pathways are disrupted in the majority of human solid tumors
and they constitute a minimal subset of oncogenic hits to generate transformed ‘in
vitro’ human cells [17]; complementary oncogenic events as E6/E7 expression are
necessary to ‘in vivo’ and ‘in vitro’ transformation. Cervical carcinomas show
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chromosomal abnormalities [41], such as a specific gain at chromosome 3q for tran-
sition from HR-HPV-associated severe dysplasia to invasive carcinoma [46]. HPV-
16 E7 oncoprotein contributes to genomic instability by the induction of centrosome
duplication errors and generation of mitotic defects and aneuploidy in normal human
epithelial cells, and also the characteristic multipolar mitoses in cervical lesions
[47]. Centrosomic abnormalities emerge as a consequence of cytokinesis and/or cell
division defects, thus occurring mostly in cells that have also accumulated nuclear
abnormalities [48], also associated mitotic defects are present in cells that express
episomal HPV-16 at a low number of copies, similarly to low-grade HPV-associated
lesions [49], but the incidence of these alterations increases in cells when HPV
genome is integrated to the host genome [50]. HPV E7 expression induces primary
centrosome and centriole duplication errors in normal diploid cells but the mecha-
nism remains absent of an explanation [51]. HPV E7 expression has the ability to
target pRB family members, and it can explain the reason why the expression of
HPV-16 E7 causes an increased incidence of centrosome abnormalities in mouse
embryo fibroblasts that lack of pRB, p107, and p130 expression [48]. Centrosome
abnormalities have also been detected in cervical lesions [49]. HPV-16 E7 expres-
sion works as mitotic mutator due to increased mitotic errors each round of cell
division, inducing the genomic plasticity for the acquisition of cellular mutations
that contribute to malignant progression [5S0]. The presence of double-strand DNA
breaks in HPV-16 E6/E7- expressing cells is a mechanistic rationalization of what is
facilitating HPV genome integration and why it is accompanying malignant pro-
gression [52]. However, integration of oncogenic HPV genomes in cervical lesions
is a consequence rather than the cause of chromosomal instability induced by dereg-
ulated HR-HPV E6-E7 oncogene expression [53], and there is a gain of human
telomerase gene TERC as important associated genetic event during the progression
of dysplasia to cervical cancer [54].

3.4 Telomerase Activation as Molecular Transformation
and Immortalization Mechanisms by HPV

Telomere shortening is a cell-autonomous mechanism that restricts the proliferative
capacity of normal somatic cells. The hTERT expression of the catalytic telomerase
subunit, in primary human cells, causes life span extension and immortalization.
Cell types that must undergo a large number of cell divisions such as stem cells,
express telomerase, a ribonucleoprotein that prevents telomere erosion. Many
human tumor cells express actively telomerase, suggesting that aberrant telomerase
activity is critical for human tumorigenesis. hTERT expression is considered one of
the obligatory components for the generation of human tumor-like cells ‘in vitro’
[55]. HR-HPV EG6 proteins and E7 contribute to immortalization of primary human
epithelial cells by induction of telomerase activity [56]. HPVs have been shown to
integrate in the proximity of c-myc gene, which justifies the search for alterations of
this proto-oncogene in HPV-associated lesions. Ocadiz et al. [57] described for the
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first time the amplification of a human oncogene in samples of cervical cancers,
such oncogene was c-myc. Recently, another group described it but compared it
with benign and premalignant cervical lesions [58]. Moreover, a significant associa-
tion between c-myc amplification and HPV 16 infection was observed. Elevated
levels of c-myc have been found in several HPV-positive cervical carcinoma cell
lines [59]. However, the significance of these events in HPV-mediated transforma-
tion remains unclear. The involvement of the c-Myc protein in HPV-induced immor-
talization was recently addressed [60]. HR-HPV E6 was shown to associate with
c-Myc complexes (Myc/Max) and activate the hTERT promoter. The specific c-Myc
antagonist, Mad, represses E6-transactivation of hTERT. HR-E6 proteins induce
hTERT expression at a transcriptional level [61]. The minimal E6 responsive hTERT
promoter fragment contains c-myc responsive E-boxes that contribute to E6-mediated
transcriptional activation, but E6 does not markedly affect c-myc expression or the
composition of c-Myec transcription factor complexes [62]. In HR-HPV expressing
E6, the direct interaction with c-myc oncogene form, a c-Myc/E6 complex that acti-
vates hTERT expression [63]. An alternative hypothesis that tries to explain forward
is that E6 relieves the telomerase promoter repression by inducing NFX1-91 degra-
dation, which is a transcriptional repressor [64]. In E6-positive cells the telomerase
activity increases when they become immortalized, although E6 expression levels
do not change [65], meaning that other factors are participating in telomerase acti-
vation. Other experiments have revealed the E6 immortalization potential in mam-
mary epithelial cells and keratinocytes by inactivation of TP53 [66]. Nowadays
there is a scientific evidence that oncogenic types specifically activate the hTERT
promoter (a limited set of viruses within the Alphapapillomavirus genus are onco-
genic), while non-oncogenic types do not, which that means activation of the hTERT
promoter is associated with oncogenic types [67].

3.5 Metabolic Tumor Adaptations as HPV Transforming
Mechanisms

Although long-term information is stored almost exclusively in the genome, the pro-
teome is crucial for short-term information storage; and the transcription factor-
controlled information retrieval is strongly influenced by the state of the metabolome.
The elementary building blocks in the proteome are proteins, but metabolomes are
constituted by proteins and metabolites that form different interacting network called
metabolic pathways [68, 69]. Nowadays is well knows that tumor cells metabolism
(tumor metabolome) is characterized by a high concentration of glycolytic enzymes.
About these scope there is an interesting report, where they characterized the metab-
olism of non-transformed rat kidney cells (NRK cells), showing a high glutamino-
Iytic flux rate and a low (ATP + GTP):(CTP + UTP) ratio, whereas fructose
1,6-biphosphate (FBP) levels and pyruvate kinase isoenzyme type M2 (M2-PK)
activity was very low. When a stable oncogenic ras and HPV-16 E7 expression were
stablish in the NRK cells, an FBP up-regulation and M2-PK activity was detected,
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these results suggest, that oncogenic ras and E7 protein are the perfect conditions to
create the ideal tumor metabolome as generally found in tumor cells [70-72]. Folic
acid is necessary for the synthesis of S-adenosylmethionine, an elementary sustrate
in the DNA methylation [73], but low folate levels increase the fragile sites on DNA
which also decrease the DNA repair [74] and the DNA methylation process [75, 76],
these conditions enhance the risk of DNA attacks by virus and carcinogens [77, 78],
which also include HPV [79]. The global DNA methylation increase in the cervical
tissue, increase the grade of cervical dysplasia, suggesting that the methylation status
is an early event in the cervical transformation mechanisms. About genital HPV
types, DNA methylation in the regulatory region, regulate ‘in vitro’ HR-HPV expres-
sion [80, 81]. One of these ‘in-vitro’ studies demonstrated that methylation of CpG
sites in the HPV 18 enhancer region resulted in a down-regulation of transcriptional
activity [80]. Other study demonstrates the methylation was found to be more at
CpGs within E2 binding sites proximal to the P97 promoter, which means that the E2
binding site methylation in presence of intact E2, cause to loss of E2 repressor activ-
ity [82]. The reactive oxygen species (ROS) and their down-regulation by anti-oxi-
dants is the other metabolic point that have relevance during the process of HPV
infection. Activation of AP-1 (main transcription factor for the expression of E6 and
E7 proteins of HR-HPVs) is down regulated by antioxidants in ‘in vitro’ models
[83-85] and recently by other dietary molecules such as Curcumin (diferuloylmeth-
ane), which is an active component of the perennial herb turmeric and a potent anti-
oxidant and is well-known for its anti-inflammatory and anti-carcinogenic activity
[86]. Experimental evidence demonstrated that pyrrolidine-dithiocarbamate (anti-
oxidant) selectively inhibit AP-1-induced by HPV 16 gene expression in immortal-
ized human keratinocytes, suggesting that redox potential manipulation could be a
therapeutic approach to interfere with the HR-HPVs transformation mechanisms
[87]. Surprisingly, other study demonstrates that using curcumin (diferuloylmeth-
ane) in HeLa cells culture it was possible to modulate the transcription of AP-1 and
HPV [88, 89]. Retinoic acid indirectly reduces HPV mRNA levels by modification
of AP-1 activity [90] and/or transforming growth factor f (TGFp) expression [91].
The property of cell growth suppression by retinoic acid is lost in the latest stages of
HPV 16-induced transformation in cervical tumor cell lines and keratinocytes, the
mechanism includes loss of growth inhibition and TGF f sensitivity [92], continued
growth stimulation [93, 94] and loss of retinoid receptor expression [95]. In the
serum, All Trans Retinoic Acid (ATRA) level highly influences the progression of
cervical lesions to invasive cancer [96]. The therapy with retinoic acid does not
reduce recurrence rates of advanced cervical cancer [97-99] or the cervical intra-
neoplasia grade 3 (CIN3) regression [100], even when is combined with chemo-
therapy and immunotherapy [101]. All these data suggest that retinoic acid could be
effective only in the early stages of cervical dysplasia lesions, modulating the clear-
ance and persistence of HPV. The sequence of events required for the establishment
of the tumor metabolome in cervical cancer is presently unknown, but it is clear the
participation of specific metabolic pathways, specific modulation of metabolites and
the HPV infection event during the malignant transformation mechanisms of the
cervical epithelium.
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3.6 Cervical Host Infections Patterns (Oncobioma)
of Malignant Precursor Lesions and Tumor
Microenvironment as Promoters and Enhancers of HPV
Transforming Mechanisms

Microbiome research has presented an unprecedented growth over the last decade,
due to the great developments in the new DNA sequencing technologies such as
Next Generation Sequencing (NGS) [102]. The human microbiome study has been
focused on health and disease, the clinical interpretation; however, the ability to
understand these studies in the context of disease is less straightforward.
Pathological conditions such as cancer have seen an increase in research focused on
the microbiome pathogenic role, but the clinical value to interpret and/or use these
scientific findings are not still translated. The purpose of this chapter section is to
provide an introduction for clinicians to learn about how microbiome research and
HPV positive cervical cancer could be associated. Microbiota considers a wide
variety of microorganisms (bacteria, viruses, protozoa, fungi, and archaea) and the
eclectic ecosystem of every individual, creating a commensal, symbiotic, and
pathobiont (microorganisms that normally behave in a symbiotic manner with their
host but exhibit pathogenic potential based on changes in their abundance or envi-
ronmental conditions) relationship that has generated focus on its role in carcino-
genesis [103]. The new scientific research focused on the interplay between the
human microbiome and cancer development, has been termed the ‘oncobiome’ (the
intricate interplay and study of the human microbiome and its influence on cancer
development) [103]. It is clear, that these preliminary studies have demonstrated
associative relationships rather than causative ones. But the question of whether
this emerging field of research is a ‘landscape’ without a clear picture yet or it rep-
resents a new paradigm for cancer research such as other authors and we refer
[104]. We propose the scientific evidence to answer the question and to push the
new paradigm forward to bring a new perspective to understand and treat cancer.
The mechanisms proposed in which infectious agents are suggested as associated
co-factors in HPV malignant transformation is by direct biological interactions,
such as modification of HPV replication and transcription, and/or indirect effects,
such as inflammation and damage to the epithelial barrier that protects against HPV
infection to facilitate the virus access to target epithelial cells. In the 1970’s labora-
tory studies demonstrated the ability of Herpes simplex virus-1 (HSV-1) and Herpes
simplex virus-2 (HSV-2) to transform hamster cells [105]. The inconsistent HSV
DNA detection in human cervical cancer samples created the ‘hit and run’ hypoth-
eses, which means that a virus may be involved in the initiation or promotion of
malignant transformation, but is not required for the maintenance of the trans-
formed phenotype [106]. HSV-2 is an infectious agent that has been studied as a
potential co-factor for cervical cancer. Several studies have demonstrated an inter-
action between HSV-2 and HPV in ‘in vitro’ transformation [107]. HSV-2 can sup-
press HPV gene expression [108]. HSV induce tumorigenic clones in keratinocytes
that had been immortalized by HPV [108]. HSV is a co-factor in HPV-associated
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cervical transforming mechanisms, not an etiological agent. Thus, laboratory data
and epidemiological data are not consistent with a possible interaction of HSV-2 in
HPV-associated epithelial transformation. A study of 200 human cervical cancer
specimens failed to detect HSV-2 sequences using sensitive PCR methods [110].
HSYV infection downregulate the secretory leukocyte protease inhibitor (SLPI) lev-
els and may impart a greater susceptibility for HPV 16 infection by the annexin A2
heterotetramer cell receptor (A2t), providing a mechanism to explain the etiologi-
cal link between HSV and HPV-associated cancers [111]. Other herpesviruses are
reported to infect the cervix and have been demonstrated to transform epithelial
cells in ‘in vitro’ models, which include cytomegalovirus (CMV) [112], human
herpesvirus 6 (HHV-6) [113] and Epstein-Barr virus (EBV) [114], the co-infection
with herpesviruses, especially CMV and EBV, may be involved in the integration
of the HPV-16 genome and may contribute to the development of cervical cancer
[115], but unfortunately there is no strong evidence of the potential role of these
viruses in the HPV transforming mechanisms. On the other hand, Adeno-associated
virus (AAV) may have a protective effect against HPV-associated transforming
mechanisms. AAV is a helper-dependent parvovirus that needs for its replication
the co-infection with other DNA viruses, such as adenovirus [116]. In ‘in vitro’
models, AAV inhibits the transforming effect of HPV and furthermore, HPV can
support replication of AAV, a finding that is consistent with possible HPV/AAV
co-infection in nature [117]. Scientific reports found that AAV suppressed papillo-
mavirus replication by its protein Rep 78 (an AAV major non-structural regulatory
protein), and interferes with transcription factors and HPV promoter activity [118].
Nevertheless, AAV high levels decreased HPV replication, low levels increased it,
and certain conditions increase the HPV transforming capacity [117]. By direct
interaction between AAV proteins and cellular genes, AAV induces tumor cell dif-
ferentiation, down-regulates c-Fos and c-Myc genes, inhibits cell proliferation and
reduces carcinogen-induced mutagenicity [119-121]. Finally, extensive experi-
mental and limited epidemiological evidence suggests that adeno-associated
viruses (AAV) may have anti-oncogenic activity and has also anti-neoplastic effects
that are independent of its proposed biological interaction with HPV [122]. Cervical
cancer is increased in women who have human immunodeficiency virus (HIV)
[123]; HIV-positive patient biomarkers, such as, HIV RNA level and CD4" T-cell
count, are associated with HPV infection risk and cervical cancer. It has been dem-
onstrated by ‘in vitro’ models that epithelial cells can be infected by HIV [124,
125], and also have shown that HIV TAT protein can co-activate HPV [126, 127];
but unfortunately, there is not the same correlation when it is used an ‘in vivo’
infection model system [128—130]. The association between multiple HPV infec-
tion, low CD4 count and cytological abnormalities supports the interplay of viro-
logical and immunological factors in cervical cancer pathogenesis [131, 132]. HPV
infection may predispose to HIV infection and facilitate its progression probably
by interaction with HIV proteins enhancing effectiveness of HPV proteins, and
perhaps contributing to cell cycle disruption [133]. At this time, it looks improbable
that HPV-infected cervical epithelial cells could be co-infected with HIV, which
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limits the idea that both viruses interact biologically at a molecular level. A micro-
bial agent that has been associated with HPV infected cervical cancer patients by
epidemiological studies is Chlamydia trachomatis (C. trachomatis). Different pro-
posed mechanisms by which C. trachomatis increases the risk for cervical cancer
have been described such as: (i) an anti-apoptotic effect, since infected cells are
resistant to apoptosis by the C. trachomatis persistent infection [134, 135]. These
anti-apoptotic effects result in an epithelial cells persistence and resistance that
HPV co-infection follows the development of chromosomal abnormalities and
increase the cervical dysplasia grade [136, 137]; (ii) its infection causes human
cervical epithelial cells separate from each other due to the breakdown of the
N-cadherin/p-catenin complex junctions in the epithelium and increases the basal
cells exposure to HPV [138]; (iii) its infection is associated with squamous meta-
plasia and hypertrophic ectopy, which is a cervical neoplasia risk factor [139]; (iv)
its persistent infection increases the HPV risk infection due to modulate immune
factors like the inhibition of interferon (IFN) y-inducible major histocompatibility
complex (MHC) class II, as well as MHC class I expression [140, 141]; (v) by
inhibition of NK cell function, decreasing the NK cells lytic capability, reducing
TNFa and IFNy production by NK cells and thereby decreasing antibody-depen-
dent cellular cytotoxicity [142]; (vi) its chronic infection is associated with a pre-
dominantly T-helper (Th2) (humoral immune) cytokine pattern, whereas Thl
(cellular immune) cytokines participate in the control of intracellular microbes
such as C. trachomatis and HPV [143]. A meta-analysis of HPV and C. thracomatis
co-infection demonstrated that individuals infected with C. trachomatis have a
higher risk of cervical cancer [144]. Based on this scientific evidence, it could be
considered that it occurs an adaptive immune response to facilitate the HPV infec-
tion. MHC class I quantitative or qualitative alterations due to the presence of viral
antigens can result in stimulation of natural killer (NK) cells that can kill a broad
range of intracellular microbial infected cells without prior sensitization. During
cervical inflammation, the immune response to microbial infection plays a role in
HPV-associated tumorigenesis and explains the associations of precursor lesions
and cervical cancer with a wide spectrum of pathogens, which include herpesvi-
ruses, C. trachomatis, Trichomonas vaginalis, Neisseria gonorrhoeae, Candida
albicans and others [145]. The mechanisms by which inflammation might cause an
increased risk for cervical cancer have been best described for C. trachomatis.
Many of the cytokines that are secreted during C. trachomatis infection, including
TNFa and IFNy, could cause tissue damage by inducing apoptosis of uninfected
cells; infiltrating macrophages releasing reactive oxygen species causes a mayor
tissue damage [135, 145]. These effects result in partial disruption of the tissue bar-
rier and exposure of basal cells to HPV infection. Furthermore, the ROS released
by infiltrating macrophages could cause host cell DNA damage and increase the
risk for malignant precursor lesions and cervical cancer [146, 147], these proposed
mechanisms have evolved from the association between inflammatory host
responses and oxidative DNA damage [148]. There is no scientific evidence to have
a direct effect of C. trachomatis on host DNA or on the transcription of HPV genes
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though. A Korean group recently report that the predominance of A. vaginae, G.
vaginalis and L. iners with a concomitant paucity of L. crispatus in the cervical
microbiota was associated with CIN risk, suggesting that bacterial dysbiosis and its
combination with oncogenic HPV may be a risk factor for cervical neoplasia [149].
The following is one of the last observations of the associated mechanisms of HPV
multiple infections we want to refer to and what is the potential roles of the micro-
biome in cervicovaginal diseases. A few years ago, in our institutions we were
evaluating an anti-HPV topical drug and using the most advanced methods, we had
to detect the HPV pattern infection of these patients; we found a complex associa-
tion of multiple HR-HPYV infections in patients according to the dysplasia grade,
which means higher dysplasia grade higher number of HR-HPV types associated
with the lesion [150]. We discuss the interpretation of the scientific evidence in a
biological and clinical context, for analysis and future discussion and direction for
microbiome in cancer research and particularly in human cancer associated to viral
pathogens. The genomic medicine for the routine clinical use should be seen as a
blueprint for the microbiome or better understood as ‘oncobioma’. These scientific
evidences suggest that microbial dysbiosis (a biological state whereby host micro-
bial composition is unbalanced toward other micro-organisms compared to
‘healthy’ host composition) is associated with malignant transformation. Whether
these associations are causative and can therefore modulate initiation, progression,
or cancer metastasis at this moment remains unclear.
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Chapter 4
Transcriptome Studies Reveal Altered
Signaling Pathways in Cervical Cancer

Carlos Pérez-Plasencia, Jorge Fernandez-Retana,
and Jaime G. de la Garza-Salazar

Abstract Transcriptome analysis provides a global idea of the molecular mecha-
nisms affected in different pathologies. Characterization of over- or under-expressed
genes constitutes an initial step in this type of analysis. The integration of the infor-
mation acquired by these global expression profiles regarding signaling pathways or
organized modules that work according to specific cellular responses has made it
possible for us to understand the development and progression of almost every type
of neoplasia. In the case of cervical cancer, transcriptome studies have allowed us to
comprehend the viral-mediated carcinogenic process, i.e., human papillomavirus
(HPV). In spite of the great progress that has been accomplished regarding radio-
therapy and chemotherapy, its impact in cervical cancer in limited; approximately
40% of the patients develop resistance to the conventional treatment schemes, and
the disease will eventually recur, leading to the patient’s death. For this reason,
knowing which signaling pathways present altered expression in this neoplasia
opens a window of opportunity for those patients whose tumors display certain
resistance to conventional treatment, further progression or even recurrence. In this
chapter, we will summarize the main signaling pathways that are found to be altered
in this neoplasia, pathways that have been described in various works in which the
cervical cancer transcriptome was analyzed.
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4.1 Introduction

Carcinogenesis is a complicated process that involves progressive and accumulative
genomic alterations that include mutations (deletions, insertions, duplications, and
others) and complex genomic re-arrangements caused by chromosome instability,
an intrinsic characteristic of cancer. These changes at the genomic level can affect
the expression profile of certain genes, which enables the deregulation of the cell
mechanisms responsible for cell cycle control, apoptosis, extracellular matrix deg-
radation, invasion, angiogenesis, and other processes [1, 2]. Different molecular
mechanisms involved in the initiation, progression and maintenance of the tumoral
phenotype have been described in cervical cancer (CC). Some of the latter have
been identified and characterized using genomic analysis resources, primarily
expression microarrays [3]. The use of genomics-derived resources, especially
microarrays, has enabled not only the characterization and description of different
neoplasias but also the discovery of new diagnosis, prognosis and clinical follow-up
markers. In breast cancer, microarrays have made possible the clinical classification
of histopathologically similar tumors based on molecular criteria [4, 5]. Expression
microarrays have been successfully employed in the prediction of progressive breast
[6, 7], prostate [8], colon and rectum [9] and head and neck cancers [10], among
other neoplasias, thus demonstrating the potential of microarrays as clinical onco-
logical resources.

In CC, different studies have focused mainly on the analysis of the expression
profiles induced upon infection with HPV [11-14]; nonetheless, there are few stud-
ies in which the analysis of the different expression profiles of the tumors is associ-
ated with the patient’s clinical history or clinical outcome [15—17]. In this chapter,
we will review the molecular pathways involved in the pathogenesis of CC that have
been analyzed by means of global expression experiments, focusing on the analysis
of molecular mechanisms associated with the development and progression of
CC. These mechanisms include the NF-xB, TGF-f/Smads, WNT/f-catenin and
MAP kinases (MAPK) pathways, which are involved in different stages of the car-
cinogenesis process.

4.2 Nuclear Factor Kappa B (NF-kB) Pathway

The NF-xB pathway is ubiquitous in different cell types. Under normal conditions,
this pathway plays an important role in immune response regulation. NF-kB tran-
scription factor activation controls the activation of genes involved in development,
cell differentiation, cytoskeleton reorganization, cell adhesion, cell survival and
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apoptosis evasion. This pathway also activates the immune response and the chronic
inflammation necessary to sustain several chronic diseases, including cancer [18].

Signals leading to NF-xB activation have been associated with the promotion
and progression of cancer development. Furthermore, NF-kB has also been associ-
ated with chemotherapy and radiotherapy resistance; thus, it has been proposed as a
potential therapeutic target. NF-kB activation is a clear example of a tumorigenic
mechanism of cervical carcinogenesis that can be activated by HPV infection.

NF-«B activation occurs through two main mechanisms, which are referred to as
the canonical and the non-canonical pathways. The former is activated by several
factors, including tumor necrosis factor receptors (TNFRs), Toll-like receptors and
the interleukin B receptor (IL-BR), all three of which are involved in the promotion
of inflammation. The non-canonical pathway is activated by a sub-family of the
TNF receptors, such as CD40, Lymphotoxin-b (LTBR) and B cell activating factor
(BAFF), all of which are associated with the NF-kB innate immune response and
inflammation [18].

4.2.1 HPYV Infection Induces NF-xB Activation

Different global expression experiments have shown that HPV infection in cell lines
induces the aberrant activation of several up-stream proteins of the TNFRL/NF-xB
signaling pathway, which is associated with the apoptosis evasion process. These
molecules are TRAIL and its ligand, CD27 (CD27L). It has been suggested that
CD27 initiates NF-xB activating signals by means of its specific association with
TRAF-2, which promotes the proliferation of cells and increases the expression of
genes involved in apoptosis inhibition, such as cIAP-1 and cIAP-2. These proteins
promote NF-«xB activation in response to TNF-a, inhibiting apoptosis and allowing
cell cycle progression. NF-kB activation is an apoptosis resistance mechanism that is
also induced by other viruses, such as Epstein-Barr, Hepatitis B and SV40 [19, 20].

In cervical cancer biopsies, it has been demonstrated that serum amyloid Al
(SAA1) can activate the NF-xkB pathway [21]. SAA1 is a protein that increases in
expression by hundreds of times upon inflammatory stimulus, suppressing apopto-
sis [22]. In contrast, SAA regulates metastasis and invasion by increasing the pro-
duction of TNF-« and the activity of extracellular matrix-degrading enzymes [23].

In short, the induction of gene expression mediated by HPV infection uses the
same mechanisms that NF-kB signaling activates in order to evade the immune
response and to control the cell cycle of the infected epithelial tissues.

4.3 Regulation of Tumor Growth Factor B (TGF-B)

TGF-B belongs to a multifunctional super-family of highly conserved cytokines that
can be involved in activities such as cell proliferation, differentiation, morphogen-
esis, tissue homeostasis and regeneration. Extracellular ligands of the TGF- family
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Fig. 4.1 TGF-6/SMAD signaling cascade. The association of TGF-f3 with its membrane receptors
TGF-BRI and II induces kinase domain activation, allowing heterodimeric complex formation with
Smad2 or Smad3 with Smad4, which subsequently activates target genes

relay their signal by associating with type I receptors (TGF-BRI), which form het-
erodimers with type II receptors (TGF-BRII), and inducing the phosphorylation of
serine/threonine residues. Finally, SMAD-like transcription factors translocate to
the nucleus for the transcription of target genes (Fig. 4.1) [24].

SMAD factors activate transcription programs that vary according to cell type
and context; therefore, they integrate and relay signals from different ligands of the
TGF- superfamily. In cancer, TGF-B/SMAD signaling has a dual role. In early
stages of the oncogenic process, this signaling can inhibit the growth of epithelial
cells and induce apoptosis, functioning as a tumor suppressor pathway. It is com-
mon for human tumors to escape this TGF-3/SMAD-induced proliferation inhibi-
tion and apoptosis by means of mutations or deletions in the key components of this
pathway, such as specific receptors (TGFBRI and TGFBRII) [25]. In advanced
stages of the oncogenic process, however, TGF-B/SMAD signaling promotes tumor
progression by stimulating the reverse differentiation of epithelial cells into
invasion-capable, metastatic cells [26].

4.3.1 Differential Expression Profiles in the TGF-f Pathway

In cervical carcinogenesis, the changes induced by HPV infection can elicit differ-
ent molecular mechanisms depending on the type of virus infecting the epithelial
cells of the cervix. It has been shown that cultured human keratinocytes infected
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Fig. 4.2 TGF-8 inactivation by HPV oncoproteins. (a) After infection, viral DNA is found in its
episomal state, so E5 expression blocks the kinase domains of dimerized TGF-BRI and TGF-BRII
receptors. This blockade impedes the TGF-/Smad signaling cascade. (b) Viral genome integration
disrupts the open reading frame of the ES gene; E7 expression is increased, and E7 associates with
Smad4, recruiting and inhibiting the function of the Smad2/3 and Smad4 complexes, respectively.
This mechanism enables the cell to progress along the cell cycle and evade the immune response

with low-risk HPV (types 6 and 11) display different expression profiles than those
infected with high-risk HPV (types 16 and 18). Low-risk HPV types induced the
over-expression of the TGF-f superfamily genes but did not suppress the expression
of interferon-inducible genes [27]. In contrast, high-risk HPVs reduced the expres-
sion of TGF-8 response genes [28, 29]. These findings suggest that the TGF-8 sig-
naling pathway acts in order to suppress tumor formation, while the interferon
response helps to counteract infection by viruses of low carcinogenic potential.
The dual role of TGF-8 as a tumor suppressor and promoter of tumor progression
is well documented in the work of several groups investigating cervical cancer. At
the beginning of tumor progression, TGF-B loses its tumor suppressor activity,
apparently when the viral genome is still episomal; the HPV protein ES reduced the
activity of the TGF-BRII receptor [30], thus preventing the signal generated by the
ligand TGF-B I from inducing the dimerization of the Smad3/4 complex (Fig. 4.2a).
In advanced stages, the integration of the viral genome into that of the cell enables
the over-expression of the oncogenic proteins E6 and E7 [31]. It has been shown
that E7 blocks TGF-B signaling by associating with Smad2, Smad3 and Smad4,
which subsequently affects their roles as negative regulators of the cell cycle
(Fig. 4.2b). Some expression studies performed with microarrays have demon-
strated the low expression of Smad2, Smad3 and Smad4 in tumoral tissues, which
leads to cell immortalization and unregulated proliferation [13, 32]. When different
expression profiles induced by TGF-BI in cervical cancer cell lines that display a
different sensitivity to these ligands are compared, it has been shown that the cell
lines least sensitive to this ligand over-express genes involved in different signaling
pathways that favor tumorigenesis (i.e., both TNFa and MAPK pathways and, inter-
estingly, genes that participate in the Wnt/B-catenin pathway [33]). These results
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show the importance of TGF-f as an oncogenic suppressor/activator and its capacity
to interact with other signaling pathways that promote the tumoral phenotype.
TGF-8 is a crucial mechanism against viral infections, which is why this pathway is
either a direct or an indirect target of several proteins encoded by oncogenic viruses,
such as E7. TGF-8 inactivation in the early stages of the viral infection favors the
establishment of the tumoral phenotype, and eventually, its re-activation induces
angiogenesis and metastasis, both of which are regulated by angiogenic proteins
such as VEGF and IL-8 [34].

Global expression profile analysis of cells and tissues in different stages of the
carcinogenic process makes it possible for us to comprehend the functional role of
different signaling pathways and the interactions they establish in complex signal-
ing networks. It has been reported that TGF-f regulation also has an effect on other
pathways, such as Wnt, whose aberrant activation in cancer contributes to epithelial-
mesenchymal transition (EMT), which is fundamental for the TGF-8-regulated pro-
cesses of migration and metastasis [35].

4.4 Wnt/B-Catenin Pathway Activation in CxCa

Whnt/B-catenin has an important role in cell cycle control, differentiation, embryo-
genesis, stem phenotype maintenance, cell migration, and other processes. This
pathway plays a fundamental role in cancer because practically every tumor ana-
lyzed displays alterations in this signaling pathway [36]. In 1982, the fundamental
work of Nusse and Varmus established the relation between Wnt and carcinogenesis
by identifying Intl (Wntla) as a virus-related locus that induces breast cancer in
mice (murine mammary tumor virus, MMTV) [37]. Subsequent studies showed that
the genes activated by the Wnt signaling cascade participate in cell cycle progres-
sion. Cyclin D is activated by this cascade; the Cyclin D protein regulates the serine/
threonine kinase activity of Cdk4 and Cdk6 and regulates the cell cycle by inducing
its progression into G1 phase, favoring the replication of malignant cells [38].
Although Cyclin D is a key protein for the progression of the cell cycle, it is not the
only protein induced by the Wnt signaling cascade. Several agonists and antagonists
participate in modulating this signaling pathway and its effect on the cell cycle
(Fig. 4.3). Other studies have demonstrated that the antagonists of this pathway are
either suppressed by hyper-methylation of their promoter regions or mutated in dif-
ferent tumor types [39]. The effects elicited by Wnt ligands are relayed by three
well-studied signaling pathways. First, activation of the Wnt/B-catenin pathway,
also known as the canonical pathway, leads to stabilization of B-catenin in the cyto-
plasm and its subsequent delocalization into the nucleous, where it functions as a
transcriptional co-factor, activating cell proliferation-associated genes. The Wnt/B3--
catenin pathway is activated in practically every type of cancer. The second pathway
is known as the planar cell polarity pathway (Wnt/PCP). This pathway is involved
in the differentiation processes of the epithelial planes and cytoskeletal re-
organization. Finally, the third pathway is the calcium-dependent pathway, which is
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Fig. 4.3 Wnt/B-catenin-regulated signaling cascade. (a) Inactive form. When the signaling cas-
cade is off because of the absence of ligands or because of the over-expression of extracellular
(CER1, WIF1 and SFRP) or membrane-bound negative regulators (DKK and KRM), B-catenin
associates with the degradation complex formed by APC, Axin, CK1y and GSK3. This protein is
then marked by the ubiquitin-ligase B-TRPC1 and degraded by the proteasome. (b) Active form.
Upon associating with its FZD receptors, Wnt induces the uncoupling of the degradation complex,
allowing B-catenin to accumulate in the cytoplasm and translocate to the nucleus, where it transac-
tivates genes involved in proliferation, extracellular matrix degradation, invasion and metastasis. In
contrast, the viral oncoprotein E7 can bind DNA methyltransferase 1 (DNMT1) and induce the
methylation of the negative regulators of this signaling cascade

not very well understood, and it is not yet clear whether this pathway is involved in
the tumorigenic process (Fig. 4.4) [40].

In cervical carcinogenesis, aberrant activation of the Wnt pathway is a phenom-
enon that has been observed since the first stages of neoplastic development. Over-
expression of the frizzled receptors has been shown (FZD2 and FZD4), as has the
inhibition of negative regulators such as SFRP4 and DKK133. Furthermore, it is
now possible to analyze the methylation state in the promoters of different Wnt
negative regulators, such as sFRPs, Axin, Dickkopf, Klotho and APC, which are
found to be hyper-methylated during the malignant progression of CC, which would
account for their low expression levels [33, 41]. Coordinated inactivation of both
negative regulators permits the Wnt/B-catenin pathway to keep the cell replication
and transformation signals activated, thus promoting the tumoral phenotype.

Cytoskeletal reorganization is an important process for cell motility, invasion
and metastasis. p120 is a member of a family of proteins that have an armadillo
repeat domain, which regulates the activity of small GTPases, in particular, the Rho,
Rac and Cdc42 families that participate in the Wnt/PCP pathway (Fig. 4.4a). In a
previous study, p120 was found to be over-expressed in early stages in patients with
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Fig. 4.4 Non-canonical Wnt signaling pathways. (a) Wnt/PCP pathway. Its activation depends on
the interaction of the ligand Wnt5a with the receptor FZD7 and the co-receptor ROR2, which
transduces the signal to the Dvl protein, which inactivates GTPases of the Rho family, such as
EhoA, Racl and Cdc42. This mechanism induces cytoskeletal rearrangements, producing changes
in cell polarity and stimulating the epithelium-mesenchymal transition (EMT), which results in the
activation of invasion and metastasis. (b) Wnt/Ca** pathway. The activation of the pathway is regu-
lated by G proteins that are activated by the Wnt/Fzd/Dvl complex. G proteins increase the intra-
cellular levels of Ca*, which in turn activate the calcium-dependent kinase (CAMKII), protein
kinase C (PKC) and the NFAK transcription factor

lymph node metastasis [35]. This evidence suggests that the Wnt/PCP pathway pro-
motes cell migration by means of Rho family small GTPase activation.

Because of the notorious importance of the Wnt pathway in the development and
its promotion of the tumoral phenotype of cervical cancer, it has been proposed that
after HPV infection, the activation of this pathway becomes the second hit toward
carcinogenesis (according to the classical hypothesis of Alfred Knudson) [41, 42].

TGF-8 inhibition and the high-risk HPV-induced coordinated activation of different
genes that promote the Wnt/B3-catenin pathway favor constant proliferation and chromo-
somic instability, both of which are necessary characteristics to induce carcinogenesis
[43]. In short, it is evident that the activation of the canonical pathway is necessary to
establish the tumoral phenotype and that activation of the non-canonical Wnt/PCP path-
way is associated with acquisition of the invasive and metastatic phenotypes.

4.5 Role of the Mitogen-Activated Protein Kinase (MAPK)
Pathway

Oncogenic virus infection is associated with alterations in different signaling path-
ways, and MAPK, one of the classical pathways in cell homeostasis, is one of them.
The MAPK pathway regulates the communication between extracellular signals
and the cell machinery that controls functional processes such as cell growth, pro-
liferation, apoptosis, differentiation, migration and invasion [44]. This pathway is
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Fig. 4.5 Schematic summary of the main elements involved in the MAPK signaling pathway. For
a more detailed explanation, please refer to the text

regulated in three levels of phosphorylation cascades (Fig. 4.5), in which one MAPK
is activated upon phosphorylation by another MAPK of the same family (MAPKK),
which in turn will be activated by another such kinase (MAPKKK). In this manner,
six different types of MAPKs have been described, which are the extracellular regu-
lation kinases (ERK1/2, ERK3/4, ERKS5, ERK7/8), the amino-terminal kinase of
JUN 1/2/3 (JNK) and the p38 isoform ERK6 [45, 46]. The differential activation of
the MAPK pathways grants different properties to the cells in the malignant trans-
formation process. For example, the activation of the Ras/ERK pathway, which is
responsible for the control of cell survival, differentiation, proliferation, metabolism
and motility in response to extracellular signals, is known to confer proliferative
capacity, whereas the JNK and p38 pathways, which are involved in the cellular
stress response, confer protection against neoplastic pharmaceuticals [47].
Therefore, some researchers have suggested drug resistance and senescence evasion
as intrinsic characteristics or hallmarks of cancer [48].

In the context of drug resistance and senescence evasion, the interaction
between the TGF- and MAPK pathways is the key. In cell lines derived from
cervical tumors resistant to proliferation inhibition and TGF-81 ligand-induced
apoptosis, several genes were found to be over-expressed, such as MEF2C (a tar-
get gene pf p38), MEKG6 (which regulates p38 upstream in the pathway), and ATF4
(a transcription factor involved in the MAPK signaling pathway), in addition to
other target genes of Smads/MAPK, such as AFT3, CDKN1A and GADD45B [33,
46]. These results show that cells answer coordinately to induced stress by over-
expressing genes in the TGF- and MAPK pathways. These results will help to
explain the mechanisms of evasion of conventional therapy in locally advanced
and advanced cases in which radiotherapy and cisplatin-based conventional treat-
ment induce cellular stress by generating reactive oxygen species and DNA
damage.
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4.5.1 MAPK Signaling Pathway Component Expression
in Cervical Cancer

Expression profile comparison between cisplatin-resistant and cisplatin-sensitive
tumors did not show differences in the expression levels of MAPK components [49].
MAP3K?2 over-expression has only been observed in radio-sensitive tumors [50].
This kinase is involved in activation of the transcription factor NF-xB. These results
suggest that MAPKSs are generally activated in cervical cancer, which explains why
the comparison of the expression profiles of chemo- and radiosensitive tumors with
resistant tumors did not reveal any difference in the expression levels of these genes.

4.6 Conclusions

During cervical carcinogenesis, the changes in the global expression profiles are
induced early by HPV infection of epithelial cells. These changes occur in a gradual
fashion and involve different signaling pathways, which enable the transition of pre-
malignant lesions to the establishment of the tumoral phenotype. Transcriptome
characterization, mainly by expression microarray analysis, has demonstrated the
role of particular genes that participate in specific signaling pathways. In several
reports, the association between carcinogenic progression and signaling pathways,
such as TGF-B, WNT (canonical and the non-canonical), and MAPKs, among oth-
ers, has been quite evident. These findings allow us to suggest a space-time model
that represents key events during cervical carcinogenesis (Fig. 4.6). In this model,
the role of the viral protein E5 has a higher relevance than has been previously
acknowledged mainly because of activation of the TGF-/Smad pathway. The inter-
action between high-risk HPV E5 and the TGF-8RII receptor prevents the onset of
signaling; hence, the infected cells are not eliminated via apoptosis. The pathologi-
cal effect of ES is lost afterward, when the viral genome integrates into that of the
cell in later stages of the carcinogenic process, because the open reading frame of
ES5 becomes discontinuous once the viral genome has been linearized.

During the progression of cervical lesions to in situ carcinoma, some compo-
nents of the Wnt and MAPK pathways modify their expression levels. In the case of
Wht, there is negative regulation of various suppressors of the same pathway mainly
through epigenetic regulation. This negative regulation is how Cerverus, Kremen,
Dkk3 and APC reduce their expression levels, allowing activation of the canonical
Wnt/B-catenin pathway.

In spite of the evidence that the viral oncoproteins E6 and E7 activate a signaling
cascade that leads to the activation of MAPKSs, it seems that this activation is TGF-
B-dependent and that its main targets are the JNK and p38 pathways, which are
activated upon cell stress. The activation of these pathways is important because it
provides a cyto-protective tumor environment, granting the tumor cells resistance to
conventional therapy.
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Fig. 4.6 Integral model of the TGF-, Wnt and MAPK pathways. At the beginning of high-risk
HPV infection, the genes of the TGF-B and MAPK/p38 pathways are over-expressed to activate
defense mechanisms against the viral infection. However, the viral protein ES blocks the signal
transduction of TGF-B, resulting in the aberrant activation of cellular stress components by means
of p38. In this way, ATM/ATR-mediated DNA recombination mechanisms become activated. After
viral integration, the canonical Wnt/B-catenin pathway becomes activated in response to the inhibi-
tion of the negative regulators of this pathway, favoring the nuclear translocation of 3-catenin and
inducing the expression of genes involved in the progression of the cell cycle, such as c-Jun,
CCNDI1 and Myc

A method for evaluating the complexity of the changes presented during a
tumorigenic process is the use of genome analysis resources. The description and
integration of molecular processes are more complex than they appear; however,
these approximations make it possible for us to comprehend at a holistic level the
changes that occur during cervical carcinogenesis.
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Chapter 5
Pre-invasive Lesions of the Cervix

Aaron Gonzalez-Enciso, Salim Abraham Barquet-Muiioz,
David Francisco Cantii-de-Ledon, and Cristian Yaoska Corea-Urbina

Abstract Invasive Cervical carcinoma o Cervical Cancer (CCa) is the fourth lead-
ing cause of death among women. CCa is preceded by dysplastic alterations in the
epithelial cells of the cervix that do not compromise the stroma. The most signifi-
cant risk factor is one that is also required for the development of pre-invasive cervi-
cal lesions: persistent infection with a strain of human papilloma virus (HPV) that
has a viral genotype. Timely detection programs consist of methods aimed at iden-
tifying women with asymptomatic pre-malignant lesions that can be healed with
treatment. Current screening tests to detect CCa include cervical cytology, either
conventional or liquid-based, and assays to detect high and low risk viruses or spe-
cific serotypes. Furthermore, because HPV is an etiological factor and because we
know that primary prevention of HPV is a health-promoting strategy, prophylactic
vaccines have been developed for this virus. Treatments for pre-malignant lesions
depend on the degree of the lesion, the availability of medical resources, the experi-
ence of the surgeons in performing specific procedures and patient choice.
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5.1 Introduction

CCa is the fourth leading cause of death in women. A total of 528,000 new cases
were reported on 2012, resulting in an estimated mortality of 266,000. This repre-
sents 7.5% of all cancer deaths in women around the world [1]. CCa is known to be
preceded by dysplastic alterations in the cells of the cervical epithelium that do not
compromise the stroma. The most important risk factors for CCa are linked to sex-
ual behavior, and of these, HPV infection is fundamental to the development of
these lesions. In recent decades, our understanding of the biology of HPV and its
epidemiology has increased exponentially, leading to the creation of new screening
methods and recommendations in addition to vaccines against HPV that serve to
prevent CCa. Being aware of the natural history of these lesions provides us with a
wide window of time in which to detect this condition early and to therefore treat
affected patients in a timely and efficient manner.

5.2 Epidemiology

VPH infection is relatively common and it is thought that the risk of infection dur-
ing a person’s life is approximately 75%. The population under 30 years old has an
HPV prevalence of roughly 58.9%. It is estimated that approximately 291 million
women around the world have had contact with the virus at least once in their life,
corresponding to a prevalence of 10.4%. In Latin America there is a second peak in
prevalence at approximately 55 years of age, when the incidence is 52.8% for HPV
16 and 9.4% for HPV 18 [2].

5.3 Risk Factors for the Development of Pre-invasive Lesions

The most important and fundamental risk factors for the development of pre-
invasive cervical lesions are persistent infection with HPV and its viral genotype.
However, other co-factors have also been shown to increase the risk of infection and
the risk of progression to malignant transformation.

The best known factors are an early onset of sexual activity, multiparity,
potentially infective sexual partners, multiple sexual partners, and immunodefi-
ciency [2]. These co-factors increase the risk of progressing to a high-grade intra-
epithelial lesion. Out of all of the previously mentioned co-factors, the most
important factor is immunodeficiency. This is especially true in HIV-infected
women because infection increases the risk of persistent infection with HPV at
all ages [3]. Similarly, smoking and the prolonged use of oral contraceptives
promote the development of squamous metaplasia by promoting persistent HPV
infection [2].
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Table 5.1 HPYV classification Low-risk: 6, 11, 40, 42, 54, 57

High-grade: 16, 18, 26, 31, 33, 35, 39, 45, 51, 52,
53,56, 58, 59, 66, 68

5.4 Human Papilloma Virus

The causal link between HPV and the development of cervical cancer was first identi-
fied in 1970, when Dr. Harald zur Hausen suggested that the viral particles that were
observed in genital warts were also responsible for malignant neoplasia of the cervix [4].
HPV 16 and 18 were later identified as being responsible for 70% of all CCa cases.

HPV belongs to the Papillomaviridae family, the members of which have a high
affinity for mucous tissues and epithelia and are capable of inducing strong epithelial
proliferation at the site of infection. There are at least 120 different HPV serotypes, and
of these, at least 40 infect the genitals [5]. The latter group is classified as either low or
high risk according to their contribution to the development of malignant neoplasia
(Table 5.1). Low-risk HPV viruses are associated with genital warts, whereas high-risk
HPV viruses are associated with intraepithelial high-grade lesions and CCa.

The HPV viral genome is DNA-based, consisting of a circular double-helix. It is
divided into a series of early open reading frames (ORFs) (E1-E7) and late ORFs
(L1-L2) that are encoded in approximately 8000 bp. VPH has a protein capsule that
is formed by 72 capsomeres that are made of the proteins encoded in the L1 and L2
ORFs. These capsomeres serve as protection and a means of interaction with the
proteins in the host cell. Early ORFs encode replication, regulation and cell prolif-
eration proteins [6]. The precise functions of E6 and E7 are worth mentioning.
Over-expressing the E6 ORF promotes the ubiquitination and subsequent degrada-
tion of the regulator protein p53, which results in the progression of the cell cycle
and avoidance of apoptosis, which allows the transformed cells to replicate.
Similarly, the oncoprotein E7 promotes the degradation of the Rb gene, which
results in the disruption of the cell cycle [2]. Both of these events inhibit apoptosis,
resulting in the promotion of carcinogenesis.

5.5 Vaccines

Because HPV as an etiological factor and it is known that preventing the spread of
HPYV is a significant health strategy, prophylactic vaccines have been developed. In
2006, the United States Food and Drug Administration (FDA) approved the first
vaccine against HPV. Gardasil® is a quadrivalent vaccine that was developed by
Merck laboratories to protect individuals against HPV serotypes 6, 11, 16 and 18. In
2009, the FDA approved a second bivalent vaccine (Cervarix® by GlaxoSmithKline)
that was specific to HPV serotypes 16 and 18 [7]. Both vaccines were developed
using the recombinant expression of proteins obtained from the viral capsid (L1),
which self-assembles upon expression to form structures called virus-like particles
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(VLPs) that are similar to those found in complete virions. These VLPs induce a
substantial antigenic effect without also inducing infection, and they attain antibody
levels 100-fold higher than those observed in natural infections [16]. Table 5.2 lists
the most important characteristics of these two vaccines.

Routine administration has been recommended for both vaccines in girls and boys
between 11 and 12 years old; however, administration can begin in children as young as
9 years old. The administration of these vaccines is also recommended in women
between 13 and 26 years old who have not been previously vaccinated or who have not
completed the three recommended doses. If a woman turns 26 years old before complet-
ing the three doses, the pending doses can be administered after she turns 26 years old.
Ideally, the vaccine should be administered before the onset of sexual activity [10].

Several randomized studies have demonstrated the efficacy of HPV vaccinations.
The efficacy of the quadrivalent vaccine was established in the FUTURE I and
FUTURE 1I studies. In both of these studies, an efficacy of 100% was obtained for
the prevention of HPV lesions 6/11/16/18. The vaccine also showed an efficacy of
75% for preventing intraepithelial vaginal neoplasias. A similarly high efficacy was
found for its ability to prevent benign lesions of the vulva and the vagina that can be
caused by HPV types not related to the vaccine [11].

The efficacy of the bivalent vaccine was evaluated in the randomized, double-
blinded PATRICIA study. In the PATRICIA study, vaccinated patients showed a
100% efficacy for preventing lesions caused by HPV 16 and 18. Additionally, it
demonstrated 100% efficacy in preventing in situ adenocarcinomas and reduced the
risk of high-grade intra-epithelial lesions caused by HPV types that are not related
to the vaccine [12].

The fact that a woman receives the full vaccination scheme does not exempt her
from regular cytological analyses of the cervix and the vaginal, which favor the
early detection of lesions of any kind [13].

Table 5.2 Characteristics of vaccines against human papilloma virus (HPV)

Gardasil® Cervarix®
Name Quadrivalent vaccine against HPV Bivalent vaccine against HPV
Pharmaceutical Merck & Co GlaxoSmithKline Biologicals

company

6,11, 16 and 18

225 pmg Phosphate Hydroxysulphate
amorphous of aluminum

16 and 18

500 pmg aluminum
hydroxide,50 pmg

de 3-O- deacetylated
-4 —Lipid A
mono-phosphorylated

HPV serotypes

Adjuvant

Virus-like particles
(VLPs)

20/40/40/20 pmg

20/20 pmg

Production

Leaven (saccharomyces cerevisiae)

Insect cells (SF9)/baculovirus

Doses and schemes

0, 2, 5 months; 0.5 mL;
Intramuscular

0,1, 6 months; 0.5 mL;
Intramuscular

Antibodies
quantitation

1-19 times more than the natural
infection

14-17 times more than the
natural infection
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5.6 Natural History of HPV Infection

In most infected women, the infection is asymptomatic, and immune responses
result in the spontaneous disappearance of the infection after 12—18 months in 80%
of cases. A strong relationship exists between persistent HPV infections and squa-
mous intraepithelial lesions (SIL) incidence, particularly for HPV types 16 and 18,
the risk of developing a neoplastic lesion is higher. In the beginning of this disease,
the cells exhibit only signs of the viral infection, but they then turn into cervical
intra-epithelial neoplasias (CINs) and ultimately progress to invasive cancer [14].
Most CINs develop in the transformation zone of the cervix, which is located in
the squamous-columnar junction between the columnar epithelium of the endocer-
vix and the squamous epithelium of the ectocervix. CINs make up a continuous
spectrum of neoplastic cells that display changes in their cytoplasm and the loss of
nuclear polarization, pleomorphism and mitotic index. They are divided into three
types: CIN I, or mild dysplasia (Fig. 5.1), in which only one-third of the lower epi-
thelium is affected; CIN II, or moderate dysplasia (Fig. 5.2), in which the lesion
extends up to the middle third of the epithelium; and CIN III, or severe dysplasia,
which is in situ carcinoma (Fig. 5.3), in which the lesion extends through the full
thickness of the epithelium [15]. CIN I represents a transitory manifestation of a
viral infection, during which the infected epithelium differs from a normal epithe-
lium only in some slight cellular alterations. In CINs II and III, HPV prevents the
maturation and differentiation of the infected basal cells, resulting in the generation
of one or several clones of neoplastic cells. It is currently thought that CIN I is the
only benign HPV infection-related process, and these cases are therefore called

Fig. 5.1 Intra-epithelial
cervical neoplasia (CIN)
. Immature epithelial cells
are found only in the lower
one-third of the epithelium




76 A. Gonzilez-Enciso et al.

Fig. 5.2 Intra-epithelial
cervical neoplasia (CIN)
II. Immature epithelial
cells are found in the two
lower two-thirds of the
epithelium

Fig. 5.3 Intra-epithelial
cervical neoplasia (CIN)
III. Immature epithelial
cells are observed through
the full thickness of the
epithelium but do not
extend beyond the basal
lamina. This category
includes cases of in situ
carcinoma
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low-grade intra-epithelial lesions. CINs IT and III comprise the premalignant lesions,
and they are referred to as high-grade intra-epithelial lesions. CIN I can be produced
by both low-risk and high-risk viral serotypes, whereas CINs II and III are produced
only by serotypes with high oncological risk.

Most low-grade intra-epithelial lesions disappear spontaneously after a period of
2 years, especially in patients found to be positive for low-risk HPVs. Only a small
percentage (15%) of cases progress to high-grade intra-epithelial lesions over a
24 month period, and this is especially likely if the patient is positive for a high-risk
HPV (17.3%) [16].

5.7 Screening

Timely detection programs consist of identifying asymptomatic women with pre-
malignant lesions in whom treatment can lead to healing. When screening studies
are routinely performed, there is an up to two to tenfold lower risk of developing
invasive CCa than in patients who never submit themselves to this type of evalua-
tion [16]. Current screening tests to detect CCa include cervical cytology, either
conventional or liquid-based, and assays to detect high- versus low-risk viruses or
specific serotypes.

In March 2012, the American Cancer Society (ACS), the American Society for
Colposcopy and Cervical Pathology (ASCCP) and the American Society for
Clinical Pathology (ASCP) reviewed their recommendations for Cervical Cancer
screening. Simultaneously, the US Preventive Services Task Force (USPSTF) and
the American Congress of Obstetricians and Gynecologists also reviewed their
clinical practices [17].

The screening recommendations they proposed are summarized as follows:

* Screening must not be performed in patients younger than 21 years old.

* Cytological screening must be performed every 3 years in patients between 21
and 29 years old. The use of HPV-detecting tests is not advised for this group of
young women.

e HPV-detecting tests and cytology must be performed every 5 years on patients
between 30 and 65 years old. It is acceptable to perform the cytological screen-
ing only every 3 years.

* Screening can be suspended in patients who are older than 65 years old provided
they have previously undergone appropriate and negative screenings. If they
were previously diagnosed with CIN II, the screening must continue for at least
20 years because there was a diagnosis of a pre-invasive lesion.

e After a hysterectomy, patients must not be screened if the cervix was removed
and there is no clinical history of CIN II or III.

*  Women who were previously immunized with a bivalent or quadrivalent vaccine
must follow the same recommendations as those made for non-immunized
women [17].
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5.8 Nomenclature

Cytology reports were first introduced in 1998 and subsequently revised in 2001 in
the city of Bethesda, at which time both the terminology and the diagnosis reporting
protocols were standardized. The Bethesda system was developed via a process that
involved a literature revising omit, expert opinions and a discussion of the proposed
changes [18]. Some of the terms that were revised in 2001 according to the Bethesda
system are included in Table 5.3.

The classification of cervical epithelial alterations according to their histological
characteristics differentiates groups of women based on the state of cellular matura-
tion and the thickness of the affected area in the squamous epithelium, as has already
been described in this chapter.

Table 5.3 Summary of the Bethesda system 2001 terminology [18]

Interpretation/Result

Negative for intraepithelial lesion or malignancy

Organisms: trichomonas vaginalis, fungal organisms, etc

Cellular changes:

consistent with herpes simplex virus other non-neoplastic findings (Optional to report; list not
comprehensive)

Reactive cellular changes:

Inflammation (includes typical repair)

Radiation

Intrauterine contraceptive device

Glandular cells

Status posthysterectomy
Atrophy

Epithelial cell abnormalities:

Squamous cell atypical squamous cells (ASC)
ASC of undetermined significance (ASC-US)
ASC cannot exclude HSIL (ASC-H)

Low-grade squamous intraepithelial lesion (LSIL) encompassing: human papillomavirus/mild
dysplasia/cervical intraepithelial neoplasia (CIN) 1

High-grade squamous intraepithelial lesion (HSIL) encompassing: moderate (CIN 2) and
severe dysplasia (CIN 3) and carcinoma in situ

Glandular cell
Atypical glandular cell (AGC) (specify endocervical, endometrial, or not otherwise specified)

Atypical glandular cells, favor neoplastic (specify endocervical or not otherwise specified)

Endocervical adenocarcinoma in situ (AIS)

Adenocarcinoma

Endometrial cells in a woman with 40 years of age automated review and ancillary testing
(Include as appropriate)
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5.9 Approach and Treatment of Pre-invasive Lesions

5.9.1 Colposcopic Evaluation

Colposcopy is not a screening method because performing it adequately requires a
large amount of resources and preparation. However, every cytological anomaly is
considered an indication that prompts an Colposcopy. The objective is to reveal any
anomalies that may direct the biopsy sampling to dismiss invasive cancer. Colposcopic
evaluations are advised in patients with a macroscopically normal cervix but in
whom abnormal cytology has been observed. Colposcopic characteristics are classi-
fied according to appearance and increase in value of a potentially subjacent malig-
nity post-application of acetic acid, which is used to dissolve the cervical mucous
and reveal the lesioned tissue, which is whiter than the surrounding epithelium. The
more anomalies that are observed, the higher the possibility of a high-grade lesion or
an invasive cancer. Using this method, a well-defined acetic-white lesion that does
not display point markings, is not mosaic and has a normal vascular pattern is most
likely to indicate a secondary lesion of HPV or a low-grade intra-epithelial lesion
(Fig. 5.1). An anomaly that reveals itself as a thick acetic-white epithelium, a thick
mosaic and an increased vascular pattern may correspond to a high-grade intra-epi-
thelial lesion (Fig. 5.2) or an invasive carcinoma (Figs. 5.3, 5.4, 5.5 and 5.6) [19].

5.9.2 Treatment Generalities

The applied procedures depend mainly on the histological diagnosis. Nevertheless,
this choice is influenced by the cytological diagnosis, the age and future fertility
plans of the patient, and the presence of colposcopic findings or evidence of

Fig. 5.4. Low-grade
intra-epithelial lesion. Fine
point markings can be seen
that have poorly defined
borders and a mild
acetic-white epithelium
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Fig. 5.5. High-grade
intra-epithelial lesion. A
thick acetic-white
epithelium with regular
and well-defined borders
and a thick mosaic is
shown

Fig. 5.6 Invasive Cervical
carcinoma o Cervical
Cancer (CCa)

endocervical dysplasia. The treatment also depends on the degree of the lesion, the
availability of medical resources, the experience of the surgeons in performing spe-
cific procedures and the patient’s choice.

5.9.3 Atypical Squamous Cells of Uncertain Significance
(ASC-US) and Low-Grade Intra-epithelial Lesions

Most lesions undergo spontaneous resolution within a period no longer than
24 months. This is why surveillance is necessary as long as the results of colposcopy
are satisfactory. In general terms, surveillance includes observing the patient for cer-
vicovaginal cytologies every 6 months [16]. Hysterectomy is not a valid treatment
option [16, 20]. Current recommendations for low-grade intra-epithelial lesions that
are diagnosed by cytology are based on the results of a co-test. Low-grade intra-epi-
thelial lesion diagnoses are indirect indicators of HPV seropositivity because
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approximately 80% of such cases will have a positive HPV test. Still, there are women
who have a negative HPV test with positive cytology for a low-grade intra-epithelial
lesion. In these cases, it is advised that the practitioner perform a co-test after 1 year.
If both tests are negative, then the co-test must be performed in 3 years. In women
between 21 and 24 years old who have positive cytology for a low-grade intra-epithe-
lial lesion, the tests must be performed annually for 2 years. The risk of cervical can-
cer in women younger than 25 years old is very low (1.4 in every 100 thousand women
per year), and they frequently have a positive HPV test, even though their HPV-related
lesions tend to be in regression [21]. If, upon repeating this tests on a patient, an
ASC-H or high-grade intra-epithelial lesion is found, colposcopy is advised. If the
patient has ASC-US or high-grade intra-epithelial lesions that become higher after
two cytological assays, colposcopy is advised. In post-menopausal patients, low-
grade intra-epithelial lesions can be monitored every 6 months using co-trials or by
performing colposcopy. If an HPV test is negative or no dysplasia is identified in the
colposcopy, the co-test can be performed after 1 year. If the result is ASC-US or a
high-grade intra-epithelial lesion, a colposcopy must be performed [22].

In patients in whom a CIN I biopsy was detected that was preceded by a low-
grade intra-epithelial lesion or ASC-US, a co-test must be performed after 1 year; if
both are negative, the patient must return to a normal screening schedule. If a diag-
nosis of CIN I persists for 2 years, it is acceptable to continue with the follow-up or
to treat the lesion as if it had a higher grade. In cases where the result of the second
revision is CIN II or worse, the lesion must be treated. In patients in whom a diag-
nosis of CIN I is preceded by ASC-H or a high-grade intra-epithelial lesion, the
follow-up must be more thorough, including an excisional biopsy, a follow-up and
areview of the findings.

In patients between 21 and 24 years old, it is advised that the case is handled
using a conservative approach. If such a biopsy is preceded by a high-grade intra-
epithelial lesion or ASC-H, a cytological assay must be performed every 6 months,
and colposcopies should be performed every two. If CIN II or worse is suspected,
then a biopsy must be taken. If, after 2 years, the cytology-detected high-grade
lesion persists without evidence of the same in the biopsy, then an excision process
is advised. CIN I patients between 21 and 24 years old must never be treated [22].

5.9.4 High-Grade Intra-epithelial Lesion

High-grade intra-epithelial lesion are relatively rare, representing only 0.6% of such
specimens [23]. However, if a high-grade intra-epithelial lesion is detected by cytol-
ogy, there is a probability of approximately 70-75% that a CIN II or III will be
found in a colposcopy, biopsy or excision [24]. Given the elevated rate of persis-
tence and progression of these conditions, surveillance is mandatory, independent
of the age of the patient or her menopause stage. In patients with a CIN II or III
diagnosis that has been confirmed by biopsy with discarded invasion and a
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satisfactory colposcopy, ablative methods (e.g., cryotherapy, electro-coagulation, or
laser vaporization) and excision methods (e.g., loop diathermy, laser or cold knife
cone biopsy, or total hysterectomy) are the approved therapies [16].

The present recommendations suggest that colposcopy must be performed
whenever there is a cytological diagnosis of ASC-US with a positive HPV test, a
high-grade intra-epithelial lesion, ASC-H or AGC [22]. After performing a cyto-
logical assay to detect high-grade intra-epithelial lesions with an inadequate colpos-
copy or a positive endocervical curettage, it is recommended that the practitioner
perform an excision procedure both to obtain a sample for a more precise diagnosis
and to treat the patient. Any histological CIN II or III diagnosis in the cervical
biopsy must be directed to excision or the ablation of the transformation zone unless
the patient is pregnant. The “see-and-treat” option is recommended in geographical
zones with difficult access or very low economical resources or when a poor follow-
up scheme is conducted in patients with a high-grade intra-epithelial lesion cytol-
ogy in whom a biopsy was not performed. In patients between 21 and 25 years old
with CIN II, the regression rate is high, i.e. 28% in 1 year, 63% in 2 years and 68%
in 3 years [21]. If a CIN II is detected in a young women and was preceded by
ASC-H or a high-grade intra-epithelial lesion, either an ablative or excision proce-
dure could be considered to remove the transformation zone, or simply colposcopic
observation every 6 months, especially in CIN II cases. If it persist after 2 years,
excision is advised.

In patients with satisfied parity, if the excision reveals positive borders, a
definitive surgical procedure is necessary (extrafascial hysterectomy) because
the most important marker for recurrence/persistence is the state of the cervical
cone margins 16. The incidence/recurrence rates in these cases can reach 16%
in cases with positive margins, while a negative margin is associated with a risk
of only 4% [16].

5.9.5 Glandular Lesions

For any kind of glandular lesion, the recommendation is to perform a colpos-
copy and endocervical curettage independent of the HPV test result. Moreover,
endometrial curettage is recommended in women older than 35 years old with
atypical glandular cell cytology (AGC) and adenocarcinoma in situ (AIS). In
cases of AGC in which a CIN II or more is cytologically discarded, the patient
can remain under surveillance every 12-24 months. If both results are negative,
surveillance must continue for 3 years. In cases of AGC with CIN II or high-
grade intra-epithelial lesions but without glandular neoplasia, if the AGC occurs
with neoplastic risk or AIS in patients with satisfied parity and a histological
diagnosis, a hysterectomy can be performed. Conservative treatments are per-
formed in patients that are considering a future maternity, and an excision pro-
cedure is performed if the endocervical cancer sample has CIN or AIS. An
incision is then performed and re-evaluated in 6 months using the co-test and
colposcopy plus endocervical sampling [22].
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5.10 Treatment Options

Treatment options consist of two types: excision (e.g., loop diathermy, laser or cold
knife cone biopsy) and ablative (e.g., cryotherapy and laser). In a review, Cochrane
2010, analyzed 29 randomized, controlled studies that included 5441 women with
CIN and found no evidence showing that any one procedure was better that any
other [25]. In particular, the treatment must be selected in accordance with factors
that benefit the patient, her diagnosis and the gynecologist’s training. For ablative
treatments, it must be certain that there was a satisfying colposcopy with a benign
result from an endocervical curettage, the absence of invasion and a fully visible
lesion. Some of the advantages of this procedure are its reduced cost and the fact
that it does not increase the risk of pre-term delivery. However, it should be consid-
ered that there will be no sample available for histologic review. Regarding laser
ablation, its requisites are similar to those for cryotherapy, and it is especially rec-
ommended for high-grade intra-epithelial lesions. Its main disadvantage is its ele-
vated cost.

Excision procedures, or cone biopsies, are generally performed for diagnosis and
therapeutic purposes and consist of removing a large cone-like portion of the cervix
that includes the exocervical opening and various portions of the endocervical
canal. It is important to mention that the surgeon’s experience is fundamental to
achieving the success of the procedure and a low rate of complications. This repre-
sents, in general, the second diagnosis option, right after colposcopy and biopsy.

Cold knife cone biopsies require local-regional or even general anesthesia and
hospitalization, is associated with more complications and produces a more evident
anatomic distortion. For these reasons, it is performed with much lower frequency. In
contrast, CO? -laser cone biopsy can be performed in an ambulatory fashion. It usu-
ally preserves the reproductive integrity of the patient, is associated with minimum
complications and an excellent healing rate, and facilitates follow-up. Its disadvan-
tages are the fact that it involves thermal damage, the cost of the equipment is high,
it requires extensive training, and the time of surgery is long. The loop diathermy
cone biopsy (Fig. 5.7) method is based on the principle of monopolar procedures. Its

Fig. 5.7 Performance of a
loop diathermy cone
biopsy
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advantages include the fact that it allows a sample to be obtained for histopathologi-
cal analysis; it is an ambulatory, quick and economic procedure; it is relatively easy
to learn; and it is associated with a high healing rate. Nonetheless, inadequate train-
ing and the apparent simplicity of the procedure can lead to incomplete excisions,
which occurs 44% of the time. Another disadvantage is the high percentage of nega-
tive cones (ranging between 14 and 30%), which means that the surgery involves a
high number of unnecessary treatment 16 however, there is a risk of removing too
much cervical tissue, which would compromise the fertility of the patient.

5.11 Conclusion

Improving the diagnosis and treatment of cervical cancer is a priority for health
systems, especially in developing countries. Both the etiology and the natural his-
tory of this neoplasia are known. The role of timely detection to identify pre-
malignant lesions with healing potential, which facilitates efficacious and practical
procedures, has also been extensively supported. The options for achieving the
timely detection of these conditions are various and are focused on cytological anal-
yses and the detection of HPV using molecular assays. Implementing measures that
increase the rate of timely detection has lowered both the incidence and the mortal-
ity of cervical cancer.
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Chapter 6
Control and Prevention in Cervical Cancer

Eduardo Lazcano-Ponce, Leith Leén-Maldonado, Betania Allen-Leigh,
Jorge Salmeron, and Mauricio Hernandez-Avila

Abstract Cervical cancer (CC) remains one of the most frequent types of neoplasia
and in developing countries is the second most common cause of reported cases,
after breast cancer. In Mexico, improvements have been made in defining and per-
fecting public policies related to this disease and, more importantly, innovative
strategies aimed at increasing primary and secondary prevention have been imple-
mented. Beginning in 1974, annual cervical cytology with referral to colposcopy
was used for diagnosis and control of CC. In 1994 a histopathological registry was
created, in 1996 a cancer information system set up and in 1998 the program transi-
tioned to triennial cytology testing in women with two previous consecutive nega-
tive results. In 2007 HPV vaccination began for girls 9—12 years, and the high-risk
HPV test (hrHPV) was incorporated as the primary screening test for women 35-64
years. Since 2008, regional molecular biology laboratories for hrHPV test analysis
were set up, and 23 out of the 32 states currently have such a laboratory. Extending
vaccination programs to include women up to 30 years old (and in some cases up to
45-50 years old) and performing at least one hrHPV test on women >30 years old
has been proposed. Introduction of an alternative 2-dose HPV vaccination scheme
with a periodicity of 6-12 months between doses is recommended for women
younger than 15 years old. To improve the results of CC detection programs, it is
necessary to: employ appropriate and timely triage alternatives for hrHPV-positive
patients, professionalize healthcare personnel and guarantee the quality of program
processes, increase screening coverage of the hrHPV test, improve information sys-
tems and use a combination of vaccination and screening to accelerate the reduction
in the burden of disease associated with CC.
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6.1 Introduction

Cervical cancer (CC) is a part of the care plan for addressing central health prob-
lems around the world, especially in the least-developed countries. CC remains one
of the most frequent neoplasias [1], with half a million new cases diagnosed around
the world every year [2]. While in more developed regions, cases of CC may be
overshadowed by cases of breast, colorectal, lung, uterine and thyroid cancer, in
developing countries, CC remains the second most common cause of reported cases,
right after breast cancer. By the year 2012, an adjusted rate of 15.7 cases per 100,000
was estimated for less developed countries, whereas there were 9.9 cases for every
100,000 in developed regions [2].

In all, 16% of cancer cases are attributed to an infectious agent, with a greater
proportion of cancer cases attributable to infections occurring in less developed
countries (22.9%). The attributable percentage varies according to the region, from
3.3% in Australia to 32.7% in Sub-Saharan Africa. It is worth mentioning that infec-
tion with Helicobacter pylori, Hepatitis B and C or Human Papilloma Virus (HPV)
is responsible for 1.9 million cases of gastric, liver and cervical cancer around the
world [3].

CC mortality is a problem that is directly related to poverty and marginalization
and that affects the most vulnerable women, who live with greater disadvantages. In
Mexico, the highest frequency and mortality rates are found in the southern states
(Chiapas, Guerrero and Oaxaca) which present higher levels of poverty and
marginalization [4]. The risk of death by CC is three-fold higher in the countryside
than in urbanized areas [5].

There is currently an approximately 5% annual reduction in CC mortality rates
[6]. Regarding this matter it must be mentioned that in 2006, CC stopped being the
leading cause of death as a result of malignant tumors in women. It was displaced at
that time by breast cancer [7]. This change can be attributed to a reduction in the
birth rate and an increase in the availability of cervical cytological studies [8].

The consolidation of internationally influential research groups in addition to
their work and the improvements derived from it have made it possible to offer an
organized and integral social response to this problem. Because it involves fields of
science and of specialized legislation, the battle against this disease is won through
successive approaches that translate into, first, improvements in both diagnosis and
treatment, and second, the issuing of laws and standards that contribute to better
controlling the problem in terms of regulation.

For those who have closely followed the steps taken by the Mexican government
regarding public health, especially over the last four decades, it is evident that
although the problem may be far from solved, improvements have been made in
defining and perfecting public policies related to this disease and, more importantly,
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innovative strategies aimed at increasing primary and secondary prevention have
been implemented among the population. These will doubtlessly yield a reduction
in the number of CC cases in the near future.

A large amount of effort has been made to reduce the disparities that exist within
the country and the fact that this disease severely affects more vulnerable popula-
tions. Important achievements have been made in broadening coverage and improv-
ing the quality of services available to detect and treat CC. However, it is imperative
to acknowledge that there remains a need to intensify and complement the actions
that have already been taken to control its spread because the persistence of this
disease has serious implications for public health. Controlling CC remains an
important topic on the public political agenda.

6.2 Review of the Governmental Response in Recent Years

The first steps to promote the early detection of CC were taken at the General
Hospital of Mexico by the Health Secretariat (SS) in 1974. Twenty years later, the
Official Mexican Normative NOM-014-SSA2-1994 was established [9], in which it
was agreed that cervical cytology would be the base diagnostic test for the creation
of a CC prevention and control program within the National Health System.

According to this Normative, cytology would be performed on an annual basis,
and the women that were diagnosed with an HPV infection would be referred to a
colposcopy service. However, it was not yet known at that time that there was no
treatment for cases of HPV that did not present lesions and that referring a woman
with a morphological image suggesting an HPV infection to a colposcopy clinic
would unnecessarily increase expenses, leading to over-diagnoses and a negative
psychological impact on the patients.

In 1994, the histopathological register of malignant neoplasms was created by
pathologists, hematologists, dermatologists and epidemiologists (this register would
later become the cancer histopathological register). In 1996, a system was created
to keep records regarding the results of cervical cytology screening activities that
comprised the CC prevention and control program, which is now called the Women’s
cancer information system (SICAM).

Because the evidence indicates that performing a single cytology test every 3
years offers the same benefit as performing an annual test, it was decided in 1998
that triennial tests would be performed on women with two consecutive negative
results for dysplasia or cancer. However, patients who tested positive for dysplasia
would be subjected to a follow-up in a dysplasia clinic. After being discharged from
the clinic, they would resume the triennial schedule of detection tests. At that time,
the population selected for screening was women between 25 and 64 years old [10].

In 2007, the Official Mexican Normative NOM-014-SSA2-1994 was modified
to improve the prevention, detection, diagnosis, treatment, control and epidemio-
logical surveillance of CC [11]. In this norm, it was explicitly established that there
was a need to privilege the detection of this disease in indigenous women and
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those who reside in rural areas and marginalized urban areas. Similarly, primary and
secondary prevention strategies were defined, and both the concept and the practice
of counseling were introduced to the healthcare program.

The Weekly Notification System for New Cases is currently part of the System
for Research and Epidemiological Surveillance. In this system, the indicators that
identify cervical cancer, breast, lung and stomach cancer have been recorded by
institutions in the health sector. However, the National System for Health Information
gathers the data related to hospital discharges and detection activities, and consulta-
tions are granted and tests are performed using this data. Meanwhile the
Epidemiological and Statistical Death Record System keeps a record of all deaths
that occur in the country and the reason for death. Cancer is naturally among these
causes, and also registered are the sex, age group and place of residence of each
individual.

6.3 Incorporation of hrHPV as a Primary Test and Its Role
as a Milestone in the Fight Against CC

It is worth mentioning that the fight against CC has increased in intensity over the
last 10 years. During this same time, a new governmental initiative was issued in
support of the 125 municipalities with the lowest human development index. The
initiative seeks to eliminate the inequalities that prevent women from attaining
access to integral health facilities and proposes the broadening of coverage and
improvements in health service conditions as a way to achieve it [12]. The next year,
the Health Secretariat, via the National Center for Gender Equality and Reproductive
Health, undertook an integral strategy aimed at preventing CC that was called “All
women, for each a prevention alternative” [13]. Within the framework of this policy,
which was oriented towards improving the quality of life of women living in mar-
ginal municipalities, HPV vaccination was recommended for girls between 12 and
16 years of age, and the High-risk HPV test (hrHPV, VPHar is the abbreviation in
Spanish) was recommended for women between 35 and 64 years of age. As a result,
a total of 82 thousand individuals were vaccinated, and 105 thousand hrHPV tests
were performed.

The use of the hrHPV test has been widely recommended as a primary screening
method given that its high sensitivity makes it possible for it to identify more cases
of grade II or higher intra-epithelial neoplasia (NIC 2+) than a cytological test. It
was foreseen that this would result in a reduction in the number of visits to health
institutions, which would, in turn, result in an increase in coverage and reliability
[14-16].

Several studies have compared the sensitivity and specificity of hrHPV tests to
those of cervical cytology [17-20]. The results showed that when detecting NIC 2+
cases, the hrHPV test had higher sensitivity than conventional cytology (96.1% vs.
53.0%). However, the former was also less specific (90.7% vs. 96.3%) [19]. In
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Mexico, the sensitivity of the cytological test for detecting histologically confirmed
NIC2/3 cases was 40.0%, while that of the hrHPV test was 93.3%. However, the
specificity of the cytology assay was 97%, while that of the hrHPV test was 89.2%?%.
These results support the use of the hrHPV test as a primary screening test. This
strategy can be used to improve CC prevention programs in places where cervical
cytology is inadequate for detecting cancer precursor lesions.

Another advantage of the hrHPV test is that it allows the patient to collect the
sample to be analyzed on her own. This is, however, recommended only when there
is no qualified technician to take the cervical sample and when there are no risks
related to the patient performing the sampling [21]. It is worth noting that the first
studies evaluated the acceptability of vaginal self-sampling, the advantages of using
this option to eventually overcome the obstacles that complicate the screening pro-
cess and the suitability of using this alternative for diagnosing women with higher
risk [22-24]. These studies found that its greatest advantage is that it offers the pos-
sibility of screening women who live in areas with difficult access, marginal regions,
or those with other barriers against cervical screening.

Although the hrHPV test may show a clear advantage as a primary test, it is
important to keep in mind that a large number of women will have a positive test
because HPV infection is relatively common. This is why it is of utmost importance
to have alternatives that can be used to identify the women that will require further
diagnosis and confirmation, because it will reduce patient anxiety [25] and avoid
both unnecessary treatments and expenses for the women with a low risk of pro-
gressing to cancer. The use of triage tests, such as the hrHPV genotyping (16/18/45),
the use of the E6 protein as a marker of neoplastic progression, the use of cytology
to detect morphological changes and the use of immunocytochemistry to detect
markers of neoplastic progression, such as p16INK4a/Ki67, could reduce the num-
ber of required visits to health institutions, patient expenses and the anxiety that is
derived from a positive detection result [26].

This is why it has been recommended that practitioners resort to triage alterna-
tives for women with a positive hrHPV test, including the systematic collection of
at least four cervical biopsies and a diagnosis by a group of pathologists. This prop-
osition would not only reduce the number of visits to the physician but would also
make the process more efficient and bring down the costs of the program.
Furthermore, delaying the initial screening age by 10 years (from 25 to 35 years old)
will help to reduce the incidence of this disease in young women [26].

The resources available in the fight against CC increase with time and now
include the HPV vaccines, which offer protection against the HPV16 and HPV18
serotypes. Similarly, people who have become infected with these specific sero-
types can be protected by these vaccines against other types of HPV and reinfection
by the same serotype.

In relation to the recommendations suggesting the formulation of a vaccination
policy in Mexico [27], this strategy is part of the primary prevention scheme that has
been implemented since 2007 and is aimed at girls between 9 and 12 years of age.
Additionally, it includes innovative proposals that could benefit older women.
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Bear in mind that using vaccines for primary prevention of CC does not replace
screening. On the contrary, the combination of both resources is currently one of the
most promising innovations. Additionally, it has been proposed that we extend the
vaccination programs to include women up to 30 years old (and in some cases up to
45-50 years old) and that we perform at least one hrHPV test on individuals who are
>30 years old. This promising proposal, which includes a combination of resources,
will extend the use of HPV vaccines and widen the use of the hrHPV test in detec-
tion programs and could thereby accelerate the reduction of CC incidence [28].

Because encouraging results have been found for combinations including both
vaccination and detection methods, it is widely recommended that we broaden the
screening intervals in favor of programs with a more effective cost-benefit ratio, to
offer a better quality of life to women, and to reduce the burden of this disease on
society as a whole. Within the framework of the recommended strategy for coun-
tries where there is a high incidence of CC, our country is currently undertaking
efforts to evaluate the benefits of using a combined strategy including both vaccina-
tion and screening in women between 25 and 45 years old [29]. This has already set
in motion detection programs that use the hrHPV test.

Regarding the availability of resources, a related point to consider is that since
2008, regional molecular biology laboratories have been opened in several states,
and those in Puebla, Veracruz, Campeche, Guerrero and Michoacan were the first
that had the means to perform the hrHPV tests. According to the most recent reports
of the Health Secretary, 23 out of the 32 Mexican federal states already have a
molecular biology laboratory, and there is also a reference center at the National
Institute of Public Health.

6.4 Incorporation of the Vaccine Against HPV

An HPV vaccine was approved for commercial use in Mexico for the first time in
2006. Currently, 80 countries have integrated these vaccines into their national vac-
cination programs, and 37 more have evaluation and/or regional programs to facili-
tate its introduction [30].

There are three HPV vaccines today. One of them is bivalent, and this vaccine
offers protection against the HPV16 and 18 serotypes. It has an AS04 adjuvant sys-
tem that consists of 0.5 mg Al3+ hydrated aluminum hydroxide and 50 pg of
3-0-deacyl-4’-monophosphoryl lipid A (MPL) and is approved for use in women
from 9 and older. In addition, a tetravalent vaccine also exists, with markers for
HPV L1 virus-like particle (VLP) protection for types 6, 11, 16 and 18. This con-
tains an adjuvant that contains 225 pg of amorphous aluminum hydroxyphosphate
sulfate and has been approved for women from 9 to 45 years old. The use of this
vaccine has also been approved in men from 9 to 26 years old [31].

The reported efficiency of this vaccine against the HPV6, 11, 16 and 18 sero-
types in cases with a grade 2 or higher cervical intraepithelial neoplasia (NIC2+) is
estimated to be 100% according to the FUTURE 1 and 2 studies, which were
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performed on women and men between 16 and 26 years of age (95%CI 94-100)
[32]. Additionally, in the sentinel cohort of Nordic countries, no NIC2+ cases have
been associated with the previously mentioned serotypes [33, 34].

From a population-based point of view, the experience of Australia in 2007 with
the introduction of the tetravalent vaccine, which has a coverage of about 70% in
women younger than 26 years old, is a good example of the impact of this type of
intervention. The sentinel event used to evaluate the effect of the vaccine was the
prevalence of genital warts in a Center for Sexual Transmitted Diseases in Sydney
and Melbourne. The effect of the vaccine against HPV was observed in both vacci-
nated women and in unvaccinated heterosexual men in the same age group. These
results indicate that there is a “herd effect” in heterosexual men between 21 and 32
years of age that was not observed in homosexual men [35]. Regarding the bivalent
vaccine, high efficiency was also reported for its ability to prevent HPV16 and 18
NIC2+ in women between 15 and 25 years old [36].

Additionally, women older than 25 years old are vulnerable to a new HPV infec-
tion and could therefore be vaccinated. Today, novel proposals are being consid-
ered to expand the HPV vaccination age range. It has been proposed that we
vaccinate women between 25 and 45 years of age, which would provide protection
to women who are not infected and protect already infected women from future
reinfections [29].

Population-wide HPV vaccination programs have been recently modified at an
international level. The main change consists of the introduction of an alternative
2-dose vaccination scheme with a periodicity of 6 months between doses in women
younger than 15 years old. The available evidence suggests that the effect of two
doses on girls between 9 and 14 years old is not less in terms of immunogenicity
than the effect achieved with three doses at approximately 18-24 years of age [37].
These immunogenicity studies have also established that the size of the immune
response is inversely proportional to the age at which the vaccine was first given,
that giving two doses is recommended only in groups between 9 and 14 years of age
and that the shortest interval between two doses should be 6 months, whereas the
longest should be 12 months. This modification of the HPV vaccination scheme
provides advantages, from a public health perspective. In particular, it reduces costs,
provides operational benefits when there is a flexible interval between the doses
(from 6 to 12 months) and allows for an increase in vaccination coverage in people
older than 15 years old.

Concerning the initial schemes used with the first generation of vaccines against
HPYV, the Advisory Committee on Immunization Practices (ACIP) of the United
States recommended using a nonavalent vaccine to continue with or complete any
schemes that were initiated using any other HPV vaccine. However, it does not rec-
ommend the application of additional vaccines to already completed schemes
[38]. In terms of safety, the percentage is very similar to that reported previously for
the first HPV vaccines [38].

As a side note, there is a new recommendation in the 2016 ACIP (Advisory
Committee on Immunization Practices) guidelines, which advises vaccinating boys
and girls approximately 9 years of age when there is a history of sexual abuse
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because it has been shown that there is a higher risk of HPV infection in these indi-
viduals [39]. Similarly, the Centers for Disease Control and Prevention (CDC) of
the United States recommends HPV vaccination in immunosuppressed and HIV-
infected women in addition to homosexual men [40].

6.5 Final Considerations

To improve the results of CC detection programs, it is necessary to identify and
orchestrate triage alternatives that can improve the optimal handling of hrHPV-
positive patients, professionalize the personnel who work in the screening pro-
grams, guarantee the quality of all steps that are involved and above all, establish
mechanisms that make it possible to maintain follow-up of patients to guarantee
their correct diagnosis.

According to the national health surveys, the preventive program coverage,
which is evaluated in relation to a patient’s cytological history over the previous 12
months, increased from 27.4% to 36.1% between the years 2000 and 2005 and from
36.1% to 42.8% between 2006 and 2012, when the survey was performed [41, 42].

Increasing the coverage of the hrHPV test will be an important challenge for the
program in the coming years because it represents an opportunity for early detec-
tion, which translates into saved lives, the better use of resources and the availability
of infrastructure to perform these tests across the country.

Information systems are fundamental to following up on the results of changes in
public policies related to health. These instruments are currently facing basic prob-
lems: a lack of articulation at all levels of care can result in the numbers not matching
or make it impossible to cross-reference information to increase our understanding
of the problem, and a lack of access to all of the data that is collected in private
medical institutions. As a consequence, we can achieve only a partial view of the
problem, to the detriment of the program and the assignment of resources to attend
to them.

After 10 years of intensifying the fight against CC, the greatest challenge has
been recognition of this issue as a universal problem in which we consider new tri-
age alternatives that will permit the identification of patients that require the confir-
mation of a positive diagnosis and timely handling of these tests. It is also
recommended that the health system assume the challenge of broadening the cover-
age of preventive measures to facilitate the control of CC. These should use a com-
bination of vaccination and screening to accelerate the reduction in this disease’s
burden.

These data indicate that it is critical that we consider governmental investment to
address CC and that we prioritize related campaigns and preventive activities, such
as vaccination and timely detection. This is because in the absence of the former, it
is necessary to care for patients with CC when they reach advanced stages, which
are associated with a much higher social cost.
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Chapter 7
Cervical Cancer Cytology and Pathology

José G. Chanona Vilchis, Ménica Lizzette Serrano Arévalo,
Lidia Faridi Villegas Gonzilez, and Ana Maria Cano Valdez

Abstract In the first part of the present chapter, we will review each one of the sec-
tions that constitute the Bethesda system for the interpretation of cervical/vaginal
cytology, including recommendations for a proper cytologic report. Furthermore,
the main cytologic criteria used in the diagnosis of squamous and glandular invasive
cervical neoplasia precursor lesions are included. In the final part of the cytology
section, some advantages and drawbacks of liquid-based cytology are discussed. In
the second part of the chapter, the main histopathological aspects of the squamous
and glandular cervical neoplasias are discussed. We begin with in situ epidermoid
carcinoma, followed by microinvasive epidermoid carcinoma, and then present var-
ious histologic subtypes of epidermoid invasive carcinoma. Among glandular neo-
plasias, in situ adenocarcinoma, early adenocarcinoma, and some subtypes of
invasive adenocarcinoma will be reviewed. Adenosquamous carcinoma and neuro-
endocrine cervix neoplasias are also included in the present chapter.
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7.1 Cytology and Cervical Cancer

Cervico-vaginal cytology is an accessible, simple, sensitive, and specific test. In Mexico,
the cervical cancer detection program was implemented in 1974, with the aim of detect-
ing precursor lesions, as well as decreasing the number of invasive carcinomas [1].

The sensitivity of this test is very high (90-95%), although its specificity is low
(50-75%) given the great percentage of false-negative results. Such results are
caused by inadequate sampling, processing and interpretation. Poor-quality sample
acquisition is due to the lack of sample transformation area, poor extension tech-
nique, and improper sample fixation or processing. Errors in interpretation are due
to deficient tracking and a lack of personnel training. Quality sampling is crucial to
eliminate false-negative and false-positive diagnoses and is therefore the most
important factor in improving the sensitivity of cytologic testing [2].

Cervical cytology sampling must be performed when active sexual life starts and
then every 2 years; as long as the results are negative, testing should then be per-
formed every 3 years until the patient turns 65 years old.

7.1.1 Cytology Report and the Bethesda System

Since it began in the 1940s, the cervical cytology report has been evolving, from the
Papanicolaou classification up to the current day Bethesda system in 1988, when a
group of professionals gathered for the first time with the goal of developing a sys-
tem to report Papanicolaou results, which would report the cytologic interpretation
to the gynecologist in a clear, relevant mode.

The Bethesda system has two main objectives: to specify the sample quality and
build a unified system to inform or interpret cytologic data in the context of clinical
findings and to provide an efficient and clear communication to the physician [3].

The system has three sections: the first is the sample quality (satisfactory or
unsatisfactory for evaluation); the second is the general classification, where the
existence of anomalies in epithelial (squamous or glandular) cells is reported; and
the third corresponds to the results or interpretation section, which specifies
whether there is a diagnosis of an intraepithelial lesion or malignancy, be it squa-
mous or glandular (in this section, we can include the presence of microorganisms
or other non-neoplastic findings), as well as other neoplasias, such as metastasis or
lymphomas [3].

(a) Sample quality. This depends on various factors, such as adequate cellularity;
for conventional cytology, a minimum of 8000-12,000 cells from the squamous
epithelium are required; for liquid-based cytology, the minimum is 5000 cells.
Another important factor is the presence of cells from the transformation zone;
these are the endocervical and metaplasia cells, and a minimum of 10 properly
conserved cells is acceptable, isolated or in groups. Two situations that impair
proper sample evaluation are when more than 75% of the squamous cells are
not clearly visible (thick smear) or when the smear has more than 75% hemor-
rhage, inflammation or necrosis, which impairs squamous cell evaluation.
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(b) General classification. When there are no signs of neoplasia, the term “negative for
intraepithelial lesion or malignancy” is used; this classification includes observa-
tions concerning microorganisms, radiotherapy-induced changes, atrophy, DIU
(Dispositive intra-uterine)-induced changes, and unspecific inflammation; when a
lesion or atypia is observed in the squamous epithelium, either associated with atypia
of undetermined significance or even to epidermoid carcinoma, the term “squamous
cell abnormalities” is used; when there is a lesion or atypia in the glandular epithe-
lium, the term “glandular cells anomalies™ is used; this includes glandular cell
atypia (endocervical, endometrial, or unspecific) up to adenocarcinoma.

(c) Results or interpretation. In this section, we briefly describe intraepithelial lesions
and malignancy diagnosis, as well as their clinical significance and recommended
management according to the last review of the Bethesda system and the last consen-
sus of the American Society of Colposcopy and Cervical Pathology (ASCCP) [3].

7.1.2 Squamous Epithelial Lesions

Atypical Squamous Cells of Undetermined Significance (ASC-US) This repre-
sents cytological changes suggestive of an intraepithelial lesion that are qualitatively
and quantitatively insufficient to diagnose a low-grade squamous intraepithelial
lesion. The 5-year risk of developing a high-grade squamous intraepithelial lesion
and cancer with an ASC-US in addition to a positive molecular HPV test is 1.1%; for
ASC-US with a positive HPV study, it increases to 18%. The suggested initial man-
agement consists of performing a molecular HPV test; if the results are negative, it
is recommended to repeat the test and make a co-test (HPV test and cytology); if the
test yields positive HPV results, it is recommended to perform a colposcopy [3, 4].

Atypical squamous cells, for which it is not possible to rule out a high-grade
intraepithelial lesion (ASC-H) A lesion is observed in immature squamous cells:
the cells are usually scarce, and they can show various patterns, including cells with
atypical metaplasia, 3D cell clumps, marked atypical repair, severe atrophy, and
post-radiotherapy changes suggestive of recurrence. The 5-year risk of a high-grade
intraepithelial lesion and cancer, with an ASC-H diagnosis and a negative HPV test,
is 12%; for an ASC-H with a positive HPV test, the risk increases to 45%. The sug-
gested management for women with an ASC-H diagnosis is colposcopy regardless
of the HPV test results. It is not recommended to perform a molecular HPV test
once the ASC-H cytologic diagnosis is performed. There are guides specific for
special populations established in the last consensus of the ASCCP [3, 4].

Low-grade squamous intraepithelial lesion (LSIL) This represents changes in
mature squamous cells (superficial or intermediate) associated with HPV, and the
morphological changes are equivalent to mild dysplasia or low-grade intraepithelial
lesion (NIC1) (Fig. 7.1). The 5-year risk of a high-grade intraepithelial lesion or can-
cer is 18%, similar to ASC-US with positive HPV results. The suggested management
is as follows: women without an HPV study must have cytology testing within 12
months; for women with a positive HPV test, colposcopy is recommended; women
older than 25 years must be followed-up with cytology testing within 12 months [3, 5].
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Fig. 7.1 Low-grade
intraepithelial lesion
(NIC1)

Fig. 7.2 Immature cells i
(para-basal)

High-grade squamous intraepithelial lesion (HSIL) This represents changes in
the smallest squamous, immature cells (para-basal) whose main feature is the loss of
the nucleus/cytoplasm ratio (Fig. 7.2). An HSIL diagnosis in cytology includes
NIC2, NIC3, and in situ carcinoma in the histological section. Most of the patients
diagnosed with HSIL have an NIC2 or NIC3 biopsy. The suggested management for
women older than 25 years is colposcopy with an excisional procedure (cone), if the
lesion is identified; however, if the high-grade intraepithelial lesion is not confirmed
by biopsy, the recommendation is to perform a revision of the cytology and histologi-
cal material, with an additional immunohistochemical analysis to assess p16 [3, 6].

Squamous cell carcinoma This term refers to an epithelial invasive tumor com-
posed of squamous cells of distinct differentiation degrees. The Bethesda system
does not subdivide squamous cell carcinoma similar to the World Health Organization
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(WHO) classification: keratinizing, non-keratinizing, papillary, basaloid, warty,
squamo-transitional, and lympho-epithelial. This is because the morphological
characteristics are not clearly distinguishable using the cytology results [3].

Glandular cell alterations: it is important to consider that cytology primarily
detects lesions in the flat epithelium, and it does not detect glandular lesions; given
the scarce frequency of the latter and low sensitivity, errors in sampling and the
interpretation of results [3].

7.1.2.1 Glandular Epithelium Lesions

Atypical glandular cells (AHCs) This term refers to alterations in the glandular
epithelium beyond reactive changes but insufficient to categorize them as adenocar-
cinoma. The morphological entities that suggest this diagnosis can be benign or
malignant: the benign conditions include endocervical and endometrial polyps,
endometriosis, endocervical microcystic hyperplasia, adenosis, energetic and lower
uterine segment brushings, tubal metaplasia, and Arias-Stella phenomenon; the
malignant conditions include high-grade intraepithelial lesions with glandular pen-
etration in situ adenocarcinoma and invasive adenocarcinoma [3].
The Bethesda system subdivides these results as follows:

(a) Atypical endocervical cells (unspecified, NOS)
(b) Atypical endometrial cells (unspecified, NOS)
(c) Atypical glandular cells (unspecified, NOS)
(d) Atypical endocervical cells (favors neoplasia)
(e) Atypical glandular cells (favors neoplasia)

As discussed in the previous paragraph, the Bethesda system categorizes glandu-
lar cells according to their site of origin whenever possible because the clinical
follow-up and management vary depending on the cell type; however, on several
occasions, it is impossible to determine the cells’ origin. This is why the term “atyp-
ical glandular cells” (AGCs) is more pervasively used in cytology [3].

The 5-year risk of a high-grade intraepithelial lesion after an AGC diagnosis is
10-40%; this seems paradoxical because a high-grade squamous intraepithelial
lesion is frequently extended to glandular endocervical spaces, replacing them to
such an extent that the smear gives the appearance of a lesion in the glandular epi-
thelium. This is a context in which the cells characteristic of a high-grade lesion are
not present in the rest of the smear; based on this, it is the pathologist’s or cytopa-
thologist’s duty to place a note specifying the probable nature of the lesion to guide
the gynecologist. With the AGC diagnosis and a negative HPV molecular test, the
risk is 0.09%; however, with an AGC with a positive molecular HPV test, the risk of
a high-grade lesion in the squamous epithelium increases to 33% [3, 6].

In situ endocervical adenocarcinoma (IEA) It refers to a high-grade glandular
endocervical noninvasive lesion. This cytological interpretation is highly difficult,
even for the most experienced cytopthologists, explaining why the “atypical endo-
cervical cells, promotes neoplasia” interpretation is justified. The coexistence of a
squamous and a glandular lesion in the cervix must always be considered when an
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in situ endocervical adenocarcinoma is interpreted. More than half of IEAs fre-
quently have an intraepithelial squamous lesion. According to the ASCCP, the initial
management includes colposcopy and endocervical curettage. HPV detection tests
are not recommended because they can yield negative results [3].

Adenocarcinoma An adenocarcinoma diagnosis, either endocervical or endome-
trial, must be given when the following cytologic criteria are observed: tumoral
diathesis, hemorrhagic background, abnormal glandular cells with the presence of
macronuclei and architectural atypia. Additionally, because cellular morphology
can be difficult to interpret, the cytological classification of morphological variants
is discouraged because it is poorly reproducible, especially in extrauterine-originated
adenocarcinomas, where the clinical correlation is crucial. Patient management
depends on the clinical stage [3].

7.1.3 Liquid-Based Cytology and Molecular Biology Studies

In 1996, the FDA approved the first commercial brand of a liquid-based screening
method. In this test, the cervical-vaginal specimen collected is placed in a vial
with preserving liquid; then, in an automated processing machine, it is spread
apart, collected, and transferred to a slide to be stained and microscopically evalu-
ated. The cytomorphologic characteristics of the liquid-based cytology are differ-
ent from those observed in conventional cytology; consequently, the cells develop
dyscohesion, decreased size, a loss of the pattern in which they are arranged, and
a lack the inflammatory, hematic, and necrotic background in which they are
located [7].

Scientific evidence has been found both in favor and against the use of liquid-
based cytology in the detection of precursor lesions and to decrease the incidence of
inadequate samples. This has prompted some developed countries to completely
substitute the conventional smear, whereas others have maintained the conventional
cytology because the high cost of the liquid-based method is considered to be unjus-
tified [8, 9].

In liquid-based samples, it is possible to perform complementary tests, such as
the detection of HPV DNA and immunocytochemistry for the specific detection of
pl6, among others [10]. Currently, it is an acceptable strategy to simultaneously
perform cytology and HPV DNA test as a screening method and as a post-treatment
follow-up because performing both tests together has shown greater sensitivity and
specificity than using them separately. In 2004, the FDA approved the use of HPV
detection tests as a screening tool and guide for patient management; the aim of
HPV detection is not the detection of all virus genotypes but of the high risk-
associated genotypes either through the hybrid capture assay or using PCR (poly-
merase chain reaction). In 2014, the FDA approved the co-test, i.e., performing the
cytologic evaluation along with the collection of a sample for the molecular test at
the same time as the screening [4, 10].
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7.2 Pathology of Cervical Cancer

7.2.1 Squamous Intraepithelial Lesions

They are defined as “Alterations in the squamous epithelium in the cervix transfor-
mation zone, which are induced by HPV infection”. Morphologically, they are char-
acterized by maturation anomalies and nuclear anomalies. The first description was
published in 1888 by Sir John Williams. Subsequently, the concept of in situ carci-
noma (ISC) was defined, and lesions with abnormal characteristics that did not com-
ply with ISC criteria were identified. From the 1950s, some confusing and imprecise
terms were coined to refer to these lesions, such as “anaplasia” and “basal cell hyper-
plasia”. In 1952, Reagan and Hicks introduced the term “atypical hyperplasia” for
cervical lesions with a higher differentiation grade than ISC but a lower risk of devel-
oping invasive carcinoma. Shortly thereafter, it was replaced by “dysplasia”, which
was stratified as follows: mild, moderate, and severe. In 1956, Koss and Durfee
described koilocytes, noting similarities to Reagan’s description of mild dysplasia.
In 1976, Meisels and Fortin observed an association between these changes and
HPV infection. In 1969, Richart proposed that cervical carcinogenesis comprised a
spectrum that went from mild dysplasia to carcinoma and introduced the term
“Cervical Intraepithelial Neoplasia” (CIN) to emphasize the role of these lesions as
cancer precursors. In 1975, the WHO proposed the terminology unification and,
soon after, the International Society of Gynecological Pathologists (ISGYP) replaced
the term “dysplasia” with “Cervical Intraepithelial Neoplasia” (CIN). According to
the epithelial thickness or affected strata, mild dysplasia corresponds to CIN-I, mod-
erate dysplasia to CIN-II, and severe dysplasia to CIN-III/ISC [11, 12].

Towards the end of the 1980s, our knowledge of the biology and oncogenic
mechanisms of HPV increased as the subjectivity in the distinction between CIN 2
and CIN 3 became apparent. Currently, the WHO recommends the use of a two-
grade nomenclature (low grade and high grade) based on the Bethesda System
because it is more reproducible and more biologically relevant [13].

Low-grade squamous intraepithelial lesions (LSILs) These are considered the
clinical and morphologic manifestations of a productive HPV infection, character-
ized by basal or parabasal-like cell proliferation that does not occupy more than
one-third of the epithelium thickness. Non-atypical mitoses can be observed in the
same zone. Maturation exists in the rest of the epithelium, although with an increase
in nuclear size and occasionally binucleation. Additionally, viral cytopathic effects
can be observed, characterized by hyperchromasia and nuclear outline irregularity,
in addition to the presence of a vacuole or perinuclear halo. In superficial stratum
cells, parakeratosis or hyperkeratosis can be observed.

Although most LSIL cases are related to high-risk HPV types, infected cells are
generally euploid or polyploid.

LSIL patients have a favorable prognosis because many of them present regres-
sion within the next 12 months. The risk of progression is related to HPV 16
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infection, advanced age, immunosuppression, and tobacco consumption. Currently,
there are no biomarkers to predict persistence, progression, or regression in these
lesions.

High-grade squamous intraepithelial lesions (HSILs) They are defined as
intraepithelial lesions that bear a significant risk of developing invasive carcinoma
if left untreated. They are associated with high-risk HPV infection and tend to occur
in a more advanced age group than LSILs, but earlier in life than invasive carci-
noma, showing an incidence peak between 35 and 39 years. They predominantly
localize to the transformation zone and are microscopically characterized by the
proliferation of squamous cells with a lower differentiation than those observed in
LSIL. Such cells have hyperchromatic nuclei with an irregular outline, and nucleoli
are rarely observed. These alterations extend up to the middle or superficial third of
the epithelium. Mitoses are more frequent and can be observed in the outermost
strata (Fig. 7.3). Some morphologic variants have been described as follows:

(a) “Thin” LSILs. They present histological characteristics of LSILs but have a
thickness of less than 10 cells.

(b) Keratinizing LSILs. There is keratinization on the epithelium surface.
Dyskeratosis and nuclear pleomorphism are characteristically observed. They
are most commonly found in the exocervix.

(c) Condylomatous. These are lesions with the clinical appearance of a condyloma
that present changes to LSIL. Such changes can be focal.

(d) Epidermoid papillary in situ carcinoma (‘“‘squamo-transitional papillary nonin-
vasive carcinoma”). This consists of a papillary lesion with a thin projections
covered by epithelium with HSIL (High-grade squamous intraepithelial lesions)
features, morphologically similar to urothelial neoplasms.

Most of these are monoclonal and are more frequently aneuploid than polyploid.
In contrast to LSIL (Low-grade squamous intraepithelial lesions), it is more fre-
quent to find DNA integration of HPV.

Fig. 7.3 Mitoses are more
frequent observed
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The main recurrence prognostically identified factors are the size of the lesion
and reaction margin state. It has recently been shown that the evaluation of HPV
DNA presence at 12 months after treatment is the best predictor of residual or recur-
rent disease [13].

7.2.2 Epidermoid Microinvasive Carcinoma

The FIGO (International Federation of Gynecology and Obstetrics) defines it as an
invasive epidermoid carcinoma diagnosed exclusively by microscopic evaluation
and classifies it at clinical stage TAI.

Clinical stage IAI: epidermoid carcinomas with stromal invasion of less than
3 mm in depth and up to 7 mm in horizontal extension.

Clinical stage IA2: epidermoid carcinomas with stromal invasion of more than 3
mm, but less than 5 mm in depth and up to 7 mm in horizontal extension.

The presence of lymphovascular invasion does not affect staging.

The SGO (Society of Gynecological Oncologists) defines microinvasive epidermoid
carcinomas as neoplastic epithelia (in situ carcinomas) that invade the stroma in one or
more spots with a maximum depth of 3 mm measured from the basal membrane of the
epithelium (Fig. 7.4). There must not be the presence of lymphovascular invasion [14].

7.2.3 Epidermoid Carcinoma

It is the second most common neoplasia among women, with a mean presentation age
of 55 years. Macroscopically, it presents as an exophytic lesion of papillary or polyploid
aspect. The endophytic pattern can also be observed sometimes covered by epithelium

Fig. 7.4 Microinvasive
epidermoid carcinomas as
neoplastic epithelia (in situ
carcinomas)
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with normal characteristics. Tumors originated in the canal are poorly visible and dif-
ficult for biopsy collection. In advanced stages, tumors can look ulcerated and friable in
appearance; palpation shows induration of the cervix and parametrial region [11, 12].

The histologic grade is based on nuclear pleomorphism, nucleolus size, mitotic
activity, and necrosis. Epidermoid carcinomas are classified from well to poorly
differentiated. The epidermoid carcinoma of the usual type can be keratinizing or
non-keratinizing. The latter is constituted by progenitor polygonal cells arranged in
mantles or nests, with the presence of intercellular bridges (Fig. 7.5). Individual
keratinization can be observed but not the formation of corneal beads (Fig. 7.6). The
cytoplasms are eosinophilic and dense because of keratinization. Abundant kerato-
hyalin granules can be observed [13, 15, 16].

Fig. 7.5 Polygonal cells
arranged in mantles or
nests, with the presence of
intercellular bridges

Fig. 7.6 Individual
keratinization can be
observed but not the
formation of corneal beads
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7.3 Epidermoid Carcinoma Histologic Subtypes

Basaloid epidermoid carcinoma This is an aggressive variant. It is comprised of
nests of basal squamous cells with an immature aspect, similar to those found in
cervical in situ carcinoma. Individual keratinization can be observed, but the forma-
tion of corneal beads is rare. There is nuclear pleomorphism, marked mitotic activ-
ity, geographical aspect necrosis, and comedonecrosis. It is associated with high-risk
HPVI (Human Papiloma Virus Infection). It is presented in advanced clinical stages
and has a poor prognosis, unlike basal cell epithelioma, an entity with which a dif-
ferential diagnosis must be performed [17].

Squamous cell verrucous carcinoma This is a very well differentiated squamous
cell carcinoma, characterized by an undulating hyperkeratosis, warty surface, and a
pushing “infiltrative”, bulbous aspect edge. The cytoplasm of neoplastic cells is
abundant, and nuclear atypia is minimal. Cytopathologic changes associated with
HPVI are not identified. It is a mildly aggressive neoplasia that can recur but does
not present metastasis. Unlike condyloma acuminatum, its papillary projections are
wide without fibrovascular septa, and koilocytes are not identified [13].

Condylomatous epidermoid carcinoma This is a carcinoma with a condyloma-
tous aspect at low magnification. It presents an architecture similar to that of condy-
loma acuminatum or to that of Bowenoid lesions of the vulva. The outline is
infiltrative, and the presence of koilocytic atypia is characteristic of this variety [18].

Epidermoid carcinoma with papillary pattern This is an epidermoid carcinoma
characterized by the formation of thick or thin papillae with fibroconnective tissue
septa, covered by an epithelium with similar characteristics to those of ISC (In Situ
Carcinoma). Unlike condylomatous carcinoma, it lacks koilocytic atypia and
Bowenoid aspect. Given its growth pattern in superficial biopsies, it is frequently
impossible to determine the presence of invasion [19].

Epidermoid squamotransitional carcinoma It is a low-frequency variety of cer-
vical carcinoma, occurring in atrophic women; from a histological standpoint, it is
indistinguishable from urothelial bladder carcinoma. It can be found in a pure form
or with squamous differentiation areas. It is characterized by a papillary growth pat-
tern with fibrovascular septa covered by an atypical stratified epithelium with a
urothelial or squamous aspect. Transitional metaplasia has not been proven to be a
precursor lesion [20].

Lymphoepithelioma-like epidermoid carcinoma Similar to its counterpart of
the head and neck region, this subtype comprises squamous cell nests or trabeculae
that are poorly differentiated and surrounded by lymphoplasmacytic inflammatory
infiltrate rich in eosinophils. Neoplastic cells are polygonal, with a vesicular prom-
inent nucleus and eosinophilic cytoplasm with poorly defined edges. This explains
why the diagnosis by biopsy is discouraged. The prognosis is favorable, with meta-
static lymphatic node metastasis lower than that of other epidermoid carcinoma
varieties [21].
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7.3.1 Glandular Lesion Precursors

In situ adenocarcinoma/high-risk intraepithelial glandular cervical neoplasia
(ISA/HIGCN) This is defined as an intraepithelial lesion that contains a malignant
aspect glandular epithelium and bears a significant risk of developing invasive adeno-
carcinoma if left untreated. The most common presentation is through a cytological
finding of endocervical atypical glandular cells, frequently associated with HSILs [22].

It is associated with high-risk HPV types, mainly 16 and 18. Morphologically, it is
characterized by the presence of atypical epithelial cells that replace the normal endo-
cervical gland cover. Neoplastic cells are columnar, they are arranged in a pseudostrati-
fied arrangement, and depletion of the mucous content of the cytoplasm is frequently
found. The lobular pattern is conserved because abnormal cells are distributed along
the pre-existent glandular outlines (Fig. 7.7). “Usual” endocervical-type ISA is the
most common form. It presents enlarged hyperchromatic nuclei with thick chromatin
and, sometimes, a prominent nucleus. Intestinal differentiation with calciform cells can
be observed, or “endometrioid”” morphology, characterized by the presence of smaller
nuclei and scarce mucus vacuoles in the apical edge of the cytoplasm. It is sometimes
possible to identify neuroendocrine or Paneth cells. It is important to recognize intesti-
nal differentiation zones in endocervical glands because their presence almost always
indicates a premalignant or malignant lesion, even when cellular atypia is mild.

A morphological variant named “Stratified Mucinous Intraepithelial Lesion”
(SMILE) has been described. It consists of a stratified epithelium consistent of atypi-
cal nucleus cells that contain small vacuoles with mucin or clear cytoplasm in all of
its layers. Additionally, numerous mitoses and apoptotic bodies are observed, as well
as a high proliferation index. SMILEs are usually associated with HSILs and/or ISA.

There are lesions with cytologic atypia previously referred to as “Endocervical
Glandular Dysplasia” (EGD) or “Low Grade Glandular Cervical Intraepithelial
Neoplasia” (LCIN) with cytological changes with atypia that do not comply with

Fig. 7.7 The lobular
pattern is conserved
because abnormal cells are
distributed along the
pre-existent glandular
outlines
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ISA/HCIN. However, the criteria are not well defined, and reproducibility is very
low; therefore, it is not considered a specific entity [22].

7.3.2 Early Adenocarcinoma

Unlike squamous neoplasias and glandular neoplasias, there is no consensus to
determine microinvasive adenocarcinomas. The SGO (Society of Gynecological
Oncologists) applies this term to adenocarcinomas that infiltrate the stroma in one
or more spots with a depth less than 3 mm from the base of the epithelium and in the
absence of lymphovascular permeation. The FIGO (International Federation of
Gynecology and Obstetrics) defines them as invasive adenocarcinomas diagnosed
by only microscopic evaluation and classified as clinical stage IA.

The clinical stage IAI corresponds to an adenocarcinoma with invasion to the
minor stroma of less than 3 mm in depth and up to 7 mm in horizontal extension.

Clinical stage IA2 corresponds to an adenocarcinoma with invasion to the stroma
of more than 3 mm, but less than 5 mm and up to 7 mm in horizontal extension.

The presence of lymphovascular invasion does not affect staging. Because there is
no consensus, it is recommended, in invasive neoplasias, to determine the depth of the
invasion without using the term “microinvasion”. Notably, in adenocarcinomas with an
invasion less than 3 mm, the incidence of positive lymphatic nodes is less than 1% [14].

7.3.3 Adenocarcinoma

Endocervical adenocarcinoma corresponds to 10-25% of cervical carcinomas.
Their increase corresponds to improvements in screening methods and better iden-
tification of glandular lesions.

Ninety-four percent of endocervical adenocarcinomas are associated with high-
risk HPV infection; the most common are isotypes 18, 16, and 45. Their clinical
manifestations include transvaginal bleeding and cervical tumor of the exophytic
aspect, with ulceration foci or an infiltrative pattern.

7.4 Adenocarcinoma Histologic Subtypes

Endocervical adenocarcinoma of the usual type It is the most frequent and cor-
responds to 90% of all uterine cervical adenocarcinomas. Macroscopically, most
have an exophytic aspect. Histologically, they present a complex architectural pat-
tern constituted by glands arranged in cribiform or papillary structures with the
presence of mucoproduction. Neoplastic cells show stratification, mitotic activity,
nuclear enlargement and hyperchromatism, as well as prominent nuclei. Cytoplasms
can be eosinophilic (Fig. 7.8) or clear [22].
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Fig. 7.8 Cytoplasms can
be eosinophilic or clear
[22]

Mucinous adenocarcinoma This is classified into four variants: usual type, gas-
tric type (minimal deviation adenocarcinoma), intestinal type, and signet ring cells.

Usual type mucinous adenocarcinoma corresponds to a mucoproductor adeno-
carcinoma that cannot be classified in any other specific variant.

Gastric type adenocarcinoma (minimal deviation adenocarcinoma) corresponds to
1% of cervical adenocarcinomas and, in most cases, are not related to HPVI. An asso-
ciation with the Peutz-Jeghers syndrome has been reported. Histologically, it corre-
sponds to a very well differentiated adenocarcinoma surrounded by stroma that shows
scarce or no desmoplastic reaction in some areas. Cases with gastric differentiation
present cells with a clear cytoplasm and sharp outlines, with a large, hyperchromatic
nucleus. In immunohistochemical analysis, the cells are positive for MUC6 and
HIK1083. Their behavior is more aggressive than conventional adenocarcinomas.

Intestinal type mucinous adenocarcinoma is similar to that originated from the
intestinal mucosa, with the presence of calciform, argentaffin, and Paneth cells. It is
associated with HPVI.

Signet cell mucinous adenocarcinoma is characterized by the focal or diffuse
presence of broad cytoplasm cells, occupied by mucus vacuoles that push the
nucleus towards the periphery. It can be associated with or without HPVT [22].

Villoglandular adenocarcinoma This presents in young women (mean age of 35
years), and it is associated with high-risk HPVI. Clinically, these are exophytic
tumors. Histologically, they show an exophytic pattern constituted by villous or
papillary structures covered by an endocervical type columnar epithelium, with
mild or moderate atypia and a decrease in mucoproduction. When it is superficial,
its prognosis is excellent. Nonetheless, the prognosis changes if the invasive com-
ponent is poorly differentiated or if it presents lymphovascular permeation [22].

Endometrioid adenocarcinoma This represents 5% of endocervical adenocarci-
nomas, and it is associated with high-risk HPVI. Histologically, they are similar to
its endometrial cavity-originated counterpart. By immunohistochemistry, they are
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diffusely positive for p16 and express CEA; unlike endometrial cavity endometrioid
adenocarcinomas, they are negative for estrogen receptor and vimentin. Their prog-
nosis is better than the usual type mucinous adneocarcinomas [22].

Clear cell adenocarcinoma This is uncommon in the cervix, and it can present in
young women with diethylstilbestrol sporadic exposition history in the uterus. It can
be associated with high-risk HPVI. Histologically, they are arranged in a tubular-
cystic, papillary or solid pattern. The cells are clear; some have the shape of a tack
and a high grade. Hiliary intra- or extracellular globes can be observed. The prog-
nosis is similar to that of conventional endocervical adenocarcinoma [22].

Derous carcinoma This neoplasia is extremely rare in the cervix, and it is similar
to that originated in the endometrium, salpingo, or ovary. It is most frequently asso-
ciated with HPVI in young women. It is arranged in a complex papillary pattern
covered by cubic cells with a high nuclear grade. Exfoliation of cells or psammoma
bodies can be observed. The behavior is associated with patient age, advanced clini-
cal stage, tumors larger than 2 cm, invasion larger than 1 cm, and the presence of
lymphovascular permeation [22].

7.4.1 Other Epithelial Neoplasias

Adenosquamous carcinoma This is a neoplasia constituted by adenocarcinoma
and epidermoid carcinoma areas in which both components are histologically rec-
ognizable (Fig. 7.9). Epidermoid carcinomas with mucoproduction but with a lack
of glandular formation or with a solid pattern and absence of squamous differentia-
tion must not be included.

HPVI subtypes 16 and 18 are the most prevalent, and precursor lesions are in situ
epidermoid carcinoma and in situ adenocarcinoma.

Fig. 7.9 Thisisa
neoplasia constituted by
adenocarcinoma and
epidermoid carcinoma
areas in which both
components are
histologically recognizable
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Although there is some controversy in relation to its prognosis, there is consen-
sus regarding its behavior being similar to that of endocervical adenocarcinoma,
stage by stage [23].

Other cervical malignant epithelial neoplasia subtypes include glassy cell carci-
noma, adenoid basal carcinoma, adenoid cystic carcinoma, and undifferentiated
carcinoma [23].

7.5 Neuroendocrine Tumors

It is recommended to use the terminology of gastric-enteric-pancreatic neuroendo-
crine tumors for cervical neuroendocrine tumors.
Low-grade neuroendocrine tumor.

Carcinoid tumor
Atypical carcinoid tumor

High-grade neuroendocrine tumor.

Small cell neuroendocrine carcinoma
Large cell neuroendocrine carcinoma

Cervical neuroendocrine neoplasias are associated with HPVI, particularly sub-
type 18. In immunohistochemistry, they are positive for chromogranin, synaptophy-
sin, and CD65.

Low-grade cervical neuroendocrine neoplasias are rare in this location; they are
arranged in an organoid pattern, nests, islets, or trabeculae, constituted by cells with
an abundant cytoplasm, nuclei with granular chromatin, and prominent nuclei. The
difference between carcinoid tumors and atypical carcinoid tumors is based on the
presence of nuclear atypias, mitotic activity, and necrosis foci, which are observed
in the latter.

The prognosis for carcinoid tumors is indolent but with metastatic potential. The
atypical carcinoid behavior is similar to that of large cell neuroendocrine
carcinoma.

Within high-grade neuroendocrine carcinomas, small cell carcinoma is the most
frequent, and it is characterized by a monotonous population of small cells with
ovoid hyperchromatic nuclei, scarce cytoplasm, and nuclear molding (Fig. 7.10).
There are many mitoses, apoptosis, extended necrosis, perineural invasion, and
lymphovascular permeation. Large cell neuroendocrine carcinoma is arranged in a
diffuse, organoid, trabecular pattern, or similar to laces, constituted by cells with
abundant cytoplasm, large nuclei, prominent nuclei, and a high mitotic index. Focal
glandular differentiation can be observed.

High-grade neuroendocrine carcinomas are extremely aggressive and are
detected in advanced clinical stages. The 5-year survival is 14-39% for large cell
neuroendocrine carcinoma in any clinical stage [24].
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Fig. 7.10 Within
high-grade neuroendocrine
carcinomas, small cell
carcinoma is the most
frequent, and it is
characterized by a
monotonous population of
small cells with ovoid
hyperchromatic nuclei,
scarce cytoplasm, and
nuclear molding
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Chapter 8
Cervical Cancer Staging

Alhely Lépez-Arias, David Isla-Ortiz, Salim Barquet-Muiioz,
and David F. Canti-de-Ledn

Abstract Cervical cancer (CC) is an important cause of morbidity and mortality
worldwide in female populations. Because the prognosis and management of these
patients depends on proper staging, emphasis must be placed on ensuring that health
care professionals are perfectly familiar with current standards. Cervical Cancer
staging is still achieved clinically. In some cases, it relies on surgical staging and
diagnostic imaging tools that have widely progressed to improve their ability to
detect tumor foci and distant site extensions. A section about preinvasive lesions is
included in this chapter as a preamble to invasive lesions, which are the topic of the
present text.
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8.1 Uterine Cervix Preinvasive Lesions

HPYV infection precedes the CC carcinogenic process (as discussed in a previous
chapter). Most invasive lesions are preceded by an intraepithelial lesion or a Cervical
Intraepithelial Neoplasia (CIN). Most CIN develop in the cervix transformation
zone, which is located in the squamo-columnar junction between the endocervix
columnar epithelium and the ectocervix squamous epithelium. This area is called
the transformation zone because it undergoes a columnar epithelial metaplasia pro-
cess toward the external cervical orifice in response to different factors, including
pH and hormonal changes, throughout a woman’s life. CIN’s form a spectrum com-
prising a neoplastic cell continuum according to observed changes in the cytoplasm,
the loss of nuclear polarity, pleomorphism, and mitosis. They are divided into CIN
1, in which only the inferior one-third of the epithelium is affected; CIN 2, in which
the lesion extends up to the middle one-third of the epithelium, and CIN 3, in which
the lesion has extended through the entire thickness of the epithelium [1].

The mean time to a CIN 3 or in situ carcinoma development from the moment of
an initial HPV 16 infection is between 7 and 12 years, whereas in a high risk HPV-
positive CIN 1, the development time is 6 years [2].

The most widely used CC screening study is still cervical-vaginal cytology. It is
important to disclaim the notion that colposcopy is not a screening method because
it requires an extensive amount of resources and preparation to be adequately per-
formed. However, all cytological abnormalities must be further analyzed by colpos-
copy. The goal is to reveal aberrations that can guide biopsy collection with the aim
of ruling out invasive cancer [3].

8.2 Treatment of Premalignant Lesions

Low grade squamous intraepithelial lesions (LG-SILs) and atypical squamous epi-
thelium of undetermined significance (ASE-US).

Because LG-SILs can spontaneously resolve within less than 24 months, women
diagnosed with LG-SIL may be kept under surveillance, with periodic cytological
exams every 6 months [4]. Recent recommendations include the use of a “co-assay”,
in which the results of a high-risk HPV detection test are combined with (e.g.:
hybrid capture) a cytological test because the combination results in sensitivity that
reaches 90-100% [5] and better predicts the development of high grade lesions or
cancer.

In the case of a negative high-risk HPV test but a LG-SIL-coherent cytology, it is
recommended that the test be repeated after 1 year. If at that time the cytology
shows AS-EUS, a larger lesion, or the presence of a high-risk HPV virus, a colpos-
copy and guided biopsy are performed. Conversely, if both tests yield negative
results, no cytological propagation is observed, and the high risk-HPV virus test is
also negative, both tests can be repeated in 3 years [6].
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In contrast, in postmenopausal women, LG-SIL cases can be assessed by per-
forming a co-assay within 6 months or directly proceeding to perform a colposcopy
and a biopsy. If the HPV test yields negative results for the presence of high-risk
viruses or no lesions are identified in colposcopy, the co-assay is performed 1 year
later. If the result is AS-EUS or higher, colposcopy is performed, otherwise, routine
screens are performed [7].

In patients with CIN1 according to biopsy results in which this finding is pre-
ceded by a cytological determination of LG-SIL or AS-EUS, the co-assay must be
performed after 1 year. If both are negative, routine screens are performed. If CIN 1
persists for 2 years, it is acceptable to either continue with surveillance or treat the
lesion. Both ablation and scission can be used, but the former treatment implies a
satisfactory colposcopy. In cases in which the second assessment shows CIN 2 or
higher, the lesion must be treated.

In patients with CIN 2 preceded by LG-SIL or AS-EUS, the follow-up protocol
is more intense. It includes a diagnostic scission procedure, and during follow-up,
the co-assay is performed once every 1 or 2 years. If patients show normal results in
successive assays, they return to 3 year follow-up [8].

Current recommendations suggest performing a colposcopy when the examina-
tion shows an ASC-US, LG-SIL, H-ASC and Atypical Glandular Cells (AGC) and
when there is a positive HPV test. After LG-SIL cytology and an inadequate colpos-
copy or positive endocervical curettage, an excisional procedure is recommended to
achieve a more accurate diagnosis and treatment protocol. Any CIN 2 or CIN 3
histological diagnosis based on a cervical biopsy must be followed by excision of
the transformation zone unless the patient is pregnant [7].

In cases in which a malignant macroscopic lesion is identified in the cervix uteri,
it is necessary to perform a staging procedure, that corresponds to the magnitude of
the disease. It is also important to know the signs and symptoms that are presented
in invasive disease.

8.3 Clinical Profile and Physical Examination

All women with precursor lesions or in situ carcinoma are asymptomatic, although
there may be clinical manifestations that are associated with the disease because of
the presence of concomitant infections. In invasive cancer cases, as dissemination
progresses, signs and symptoms begin to appear. The most frequent sign is trans-
vaginal hemorrhage, which is most often post-coital, intermenstrual, or postmeno-
pausal. Moreover, tumor necrosis produces serosanguinous smelly fluid.

These types of symptoms appear early in exofitic tumors of the ectocervix.
However, in endocervical tumors, the manifestations are subtle, even in advanced
disease. This underscores the importance of perfect endocervical canal sampling,
during which the sample is obtained prior to the cytology [9].

In locally advanced and metastatic stages, the patient may lose weight and have
inguinal and/or supraclavicular lymph node enlargement. A bad smell can also be
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perceived as a result of postcoital bleeding. Bladder or rectal invasion result in the
appearance of fistulae, hematuria and hematochezia, pelvic pain, sciatic nerve region
pain, leg edema, lumbar pain, and, in the presence of extension to the contiguous
viscera, sacral plexus affection and lymphatic, vascular or uretral obstruction.

It is worth mentioning that exploration is more difficult in postmenopausal
women because lesions are frequently located in an endocervical location and the
uterine cervix is atrophic and not easy to visualize. Furthermore, vaginal examina-
tions are more difficult in these patients because of atrophia, the loss of elasticity,
and a reduction in patient complaint.

After an inspection, a bimanual exploration is performed to evaluate the shape,
dimensions, and mobility of the uterus, including the uterine cervix and parametria.
The uterus may be enlarged because of endometrial infiltration, uterine collection,
or the presence of concomitant miomatosis and the possible coexistence of anexial
involvement. If the uterus is fixed, it is certain to be because of tumor infiltration
towards the pelvic wall. To evaluate its extension towards the parametria, bladder,
and rectum, it is necessary to perform a careful rectovaginal exploration: the right
side of the pelvis (parametrium) is palpated with the right hand, and the left side is
palpated with the left hand (introducing the middle finger through the rectum and
the index finger through the vagina [9]). When a parametrium is involved, it is usu-
ally irregular, nodular and painful at touch.

During the physical examination, it is important to explore the lympho-porting
areas. If, during the exploration of the supraclavicular or inguinal region, any suspi-
cious increase in the volume of lymph nodes is noticed, fine needle aspiration biopsy
can reasonably rule out metastatic disease.

Additional analyses can be useful for accurate staging, and, in some cases, labo-
ratory results can be prognostic (e.g., hemoglobin). It is important to keep in mind
that these tools provide only more precise information that is difficult to obtain
through physical examination.

A very important prognostic factor that can differ across clinicians during explo-
ration is tumor size. Hence, confirmation by a qualified expert is crucial, mainly
during the early stages of the disease, because tumor size, depth of invasion, and
stromal involvement are correlated with each other [9].

In clinical stages II, III, and IV, poor prognostic indicators include the presence
of the disease in the pelvic nodes, a growth in the size of the primary tumor, low
hemoglobin levels, and functional status.

8.4 Clinical Staging

In cervical cancer, stage assigning is based on clinical data. Experience is required
for staging to be reproducible and reliable. Thus, CC clinical staging rules are based
on gynecological clinical explorations that are performed by an expert, preferably
while the patient is under anesthesia (although this depends on the health center).
The initially assigned clinical stage should be maintained and remain unchanged
despite subsequent new discoveries even in cases of recurrence [10].
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Fig. 8.1 Stage Ial: There is a cancerous area of 3 millimeters (mm) or smaller in depth, and 7 mm
or smaller in length. Stage la2:There is a cancerous area larger than 3 mm but not larger than 5 mm
in depth, and 7 mm or smaller in length

The currently used staging system is the one that was adopted by the
International Federation of Gynecology and Obstetrics (FIGO). It should be taken
into consideration that the staging system is useful only for comparative purposes
and must not be taken as an indication of norms. Each clinical case must be indi-
vidually considered and supported by imaging methods before proposing the best
treatment plan. According to the FIGO, clinical exploration is the gold standard
for CC staging. Tumor diameter, vaginal infiltration, and tumor extension to
parameters and septi (e.g., the vesicovaginal septum and rectovaginal septum)
represent the morphological parameters that should be considered during CC
staging, as follows:

In 2009, FIGO revisited CC staging and established the following [11]:

Stage O: In situ carcinoma, intraepithelial carcinoma.
Stage I: Carcinoma strictly limited to the cervix (Fig. 8.1).

Stage Ia: Invasive cancer identified only in microscopy, stromal invasion is no
more than 5 mm deep and 7 mm wide.

Stage Ial: Stromal invasion <3 mm deep and <7 mm in extension or width.

The incidence of lymphatic nodal metastasis in stage Ial is 0.1-2.6%, in most
cases, it is less than 1% [12].
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Stage Ia2: Stromal invasion >3 mm but <5 mm in depth and <7 mm in extension.
In this stage, the risk of metastasis to pelvic and para-aortic lymph nodes
ranges from 0 to 9.7% [13].

The depth of the invasion must not be more than 5 mm from the base of the epi-
thelium and the surface of the glands from which they originate. The involve-
ment of the vascular, venous of lymphatic space must not alter staging.

Stage Ib: Lesions clinically confined to the cervix or preclinical lesions larger than
stage [a2.

Stage Ibl: Lesions clinically visible but no larger than 4 cm.

The risk of nodal pelvic or para-aortic metastasis in stage Ibl ranges from 10%
to 22% [14].

Stage Ib2: Clinically visible lesions are larger than 4 cm (Fig. 8.2).

Stage II: The Carcinoma has extended further than the uterus but not to the pelvic
wall or the inferior one-third of the vagina.

Stage Ila: Engagement of two thirds of the superior part of the vagina without
affecting the parametrium.

Stage ITal: Clinically visible lesion <4 cm in its largest dimension.
Stage IIa2: Clinically visible lesion >4 cm in its largest dimension (Fig. 8.3).

Stage IIb: Parametrium infiltration without affecting the pelvic wall.

Pelvic lymph node metastasis is generally 10-27% in stage II, and para-aortic
lymph node involvement occurs in 7-25% of stage II cases [12]. Other authors
claim that in stage IIb, the incidence of para-aortic node involvement is 19.8% [15]
(Fig. 8.4).

Stage III: Involvement of the inferior third of the vagina or extension to the pelvic
wall. In a rectal examination, no cancer-free space is observed between the tumor
and the pelvic wall. All hydronephrosis and non-functioning kidney are included
unless they can be attributed to other causes.

Stage IIla: Involvement of the inferior third of the vagina but extension no to the
pelvic wall.

Stage IIIb: Extension towards the pelvic wall and hydronephrosis or a non-
functioning kidney (Fig. 8.5).

Nodal involvement in this stage extends to the pelvic nodes in as many as 43%
and to the para-aortic nodes in 7-25% of cases [12]. Other authors argue that in
stage III, nodal affection is usually up to 27.5% [15].

Stage IV: Extension out of the pelvis or a clinically invasion of bladder mucosa or
rectum.

Stage I'Va: Tumor involves bladder or rectal mucosa.
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Fig. 8.2 CC stages Ib1-Ib2: Ibl tumor less than 4 cm and Ib2 tumor greater than 4 cm
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The tumor
is larger
than 4cm

Fig. 8.3 Stages Ilal-IIa2. The tumor has not spread to the tissue next to the cervix, also called the
parametrial area.

Fig. 8.4 CC stages IIb.
The tumor has spread to
the parametrial (tissue
surrounding the uterus)
area.

Stage IVb: Distant metastasis or disease outside the true pelvis (Fig. 8.6).

Nearly 5-35% of CC patients will develop metastasis to the lungs. Some other
common metastasis sites are the bones (16%), liver (3%) and intestines. Bone affection
happens via hematic dissemination, and small intestine affection can occur as a result
of the direct extension of the para-aortic nodes or via peritoneal dissemination [16].
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Hydronephrosis

Fig. 8.5 CC stages Illa. The tumor involves the lower third of the vagina, but it has not grown into
the pelvic wall. IIIb. The tumor has grown into the pelvic wall and/or causes hydronephrosis or
nonfunctioning kidneys.
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cancer
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Fig. 8.6 CC stages IVa and Ivb. The tumor has spread to the mucosa (lining) of the bladder or
rectum and grown beyond the pelvis.
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8.5 Surgical Staging

When performing surgical treatment, histopathological findings can affect CC stag-
ing. Thus, the TNM nomenclature, which was approved by the American Joint
Committee on Cancer (AJCC) and is in its 7th edition, is generally used.

The cases must be classified as CC if the primary site of origin is the cervix. All
histologic types are included. The grade is determined according to the widely used
methods, but the grade does not affect staging.

The nomenclature includes the following:

Tx = The primary tumor cannot be assessed.
TO = No evidence of a primary tumor.
Tis = In situ carcinoma.

e T1 = Cervical carcinoma confined to the uterus.

— Tla = Invasive carcinoma diagnosed by microscopy only.

— Tlal = Stromal invasion of 3 mm or less in depth and 7 mm or less in hori-
zontal extension.

— Tla2 = Stromal invasion of more than 3 mm but less than 5 mm with a hori-
zontal extension of 7 mm or less.

— T1b = Clinically visible lesion confined to the cervix or microscopically vis-
ible but larger than T1a/Ia2.

— T1b2 = Clinically visible lesion of 4 cm or less at its largest part.

e T2 = Cervical carcinoma that invades further than the uterus but not towards the
pelvic wall or the inferior one-third of the vagina.

— T2a = Tumor without invasion to the parametria.

e T2al = Clinically visible lesion of 4 cm or less in its largest part.
e T2a2 = Clinically visible lesion of more than 4 cm in its largest part.

— T2b = Tumor with invasion into the parametria.

e T3 =Tumor is extended to the pelvic wall or involves the inferior one-third of the
vagina, and/or causes hydronephrosis or a dysfunctional kidney.

— T3a: The tumor involves the inferior one-third of the vagina without extend-
ing to the pelvic wall.

— T3b: Tumor has extended to the pelvic wall and/or causes hydronephrosis or
a non-functioning kidney.

e T4 = The tumor invades the bladder or rectum mucosa or it extends further than
the true pelvis.

Nx = Regional lymphatic nodes cannot be evaluated.
NO = There is no metastasis to regional lymphatic nodes.
N1 = Metastasis to regional lymphatic nodes.
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MO = No distant metastasis.

M1 = Distant metastasis (including peritoneal extension, the supraclavicular,
mediastinal, or para-aortic nodes, and the lungs, liver, or bones).

In most clinical scenarios, the first treatment is defined by the clinical stage,
while the pathological stage is useful for direct adjuvant therapy, whether it includes
radiotherapy or chemotherapy.

The pathologic classification of TNM does not replace the TNM clinical classi-
fication but instead provides additional information mostly related to local and dis-
tantrecurrence andreveals the presence of hiddenresidual disease or micrometastases,
at the beginning of presentation [17].

Cervical cancer is disseminated through the lymphatic system. Hence, the first
place where metastases appear is the pelvic lymph nodes, followed by the para-
aortic nodes. Laparotomy and laparoscopy are the most widely used methods for
nodal evaluation in CC, given that they have similar sensitivities. The most impor-
tant survival prognosis factor is a nodal status [18].

8.6 Imaging Studies

Although the FIGO staging system does not include imaging to stage CC, commit-
tees promote the use of these imaging techniques to allow for the determination of
prognostic factors, such as tumor size, parametrial involvement or pelvic wall
involvement, and adjacent organ invasion or lymphatic node metastasis [19]. These
are valuable for determining a treatment plan, but must not be used to modify the
initial clinical stage of the patient.

In has been shown that transrectal ultrasound is superior to MRI for detecting
tumor after biopsies because it calculates volume with a higher precision and evalu-
ates parametrial invasion. The role of the ultrasound has improved as a result of the
advent of novel technologies and the implementation of high frequency transducers
that allow a higher quality image to be obtained. The advantages of ultrasound over
MRI are that the former has a lower cost, is less invasive and faster to be performed,
more availability, and does not require contrast, unlike MRI. However, ultrasound is
operator-dependent, and interpretation of ultrasound data is therefore variable [20].

CT- scan (Computed Axial Tomography) has a sensitivity of 32—80% in the eval-
uation of CC and a parametrial invasion sensitivity of 17-100% with a mean of 64%
in CC. Specificity is 50-100%, with a mean of 81%. The VPP to evaluate nodal
involvement is 51-65%, with a VPN of 86-96% and a sensitivity of 31-65% [21].
However, Innocenti et al. reported that transvaginal ultrasound had a higher sensi-
tivity for detecting parametrial infiltration than surgical staging (78% vs 50%,
p =0.00) [22, 23].

Excretory urography is the only imaging tool that is recommended for diagnos-
ing ureteral obstruction according to the FIGO. It is mandatory for all patients except
those in early stages IA1 to IB1. Its use requires intestinal preparation, proper renal
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function, and the use of contrast agents, and it is thus a very expensive method that
is more time-consuming and takes a longer time to yield results than other methods.
Nonetheless, no recent studies have supported the use of the ultrasound as an alter-
native imaging tool for detecting ureteral obstructions or hydronephrosis [24].

The advantages of the pyelogram are that it allows for an intermediate visualiza-
tion of the whole urinary system, the urinary tract and the parenchyma, and presents
the possibility of allowing the identification of interrelationships, such as those
between the cup and the renal papilla, ureter alterations or those in the ureteric
mucosa, and the presence of fistulae [25]. Its disadvantages include the following: it
uses ionizing radiation and contrast, it is more expensive than ultrasound, its
precision depends on renal function, it has a low definition for observing minimal
lesions, and it provides a poor characterization of renal masses. Generally, this
imaging method is not indicated for CC patients because ultrasound, CT-scan and
MRI provide a better evaluation and higher precision [25].

Chest X-ray is used to evaluate pleural effusions and metastatic disease to the
lung parenchyma in stage IVB patients. Although it does not have the specificity of
chest CT-scan, it has a lower cost and is available in more hospital units [21].

In 2015, Devine proposed a CC staging system that was based on MRI findings,
as follows [26]:

Stage I: Tumors in microinvasive stage IA are not observed in MRI, although they
can be detected as early reinforcement foci in dynamic contrast images.

Stage II: Tumor invasion towards the vagina can be observed as T2 hyperintensity.
It interrupts the vaginal walls, which are normally hypointense. It is important to
keep in mind that physical exploration is more precise than MRI for observing
vaginal fornices, and MRI is superior to gynecological exploration for detecting
parametrial invasion (sensitivity, 69% and specificity, 93%). The precision of
physical exploration is 50%.

Stage III: The internal obturator, the levator ani, and the piriform muscles show
hyperintense infiltration when a tumor is involved.

Stage IV: When there is invasion into adjacent organs, a separation plane loss can be
observed in the fat between the cervix and the bladder or the rectum. The abnor-
mally high signal intensity in the vesical wall is an indicator of tumor involve-
ment, but is confirmed with cystoscopy as a bullous edema.

When extrapelvic retroperitoneal lymph node enlargements are identified using
CT or MRI, a guided biopsy is recommended to confirm the findings and better
planning the treatment regimen.

The sensitivity (66.6%) and specificity (98%) of MRI are higher than the rates
for gynecological exploration for local disease, also has a 50% sensitivity and
96.8% specificity to detect metastasis to the pelvic nodes, and 66.6% sensitivity and
100% specificity for paraortic nodes [27]. Detecting metastasis to lymph nodes
using MRI is based upon size, including a 1 cm or larger axis diameter. Larger
nodes are generally reactive, while smaller ones can contain neoplastic activity
microscopic foci.
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PET and PET/CT are the most accurate diagnostic methods that can be used to
evaluate exptrapelvic disease in locally advanced CC. Their high rate of true-
positive results suggests that surgical staging is unnecessary when using PET-CT,
when there is high uptake in the para-aortic nodes. The para-aortic node involve-
ment false positive rate is 12%, and these cases are mainly attributed to nodal dis-
ease of 5 mm or less. If we only consider the patients with pelvic uptake, the
para-aortic node false negative rate is 22% [28] However, when evaluating hepatic
metastasis, there is a higher sensitivity and specificity in PET/MRI or even MRI
over PET/CT [29]. In spite of its actual importance, surgical staging of the retro-
peritoneal nodes is highly relevant because it allows us to more accurately detect
pelvic or para-aortic metastases , improving survival rates when more radical treat-
ment is advised.

In 2004, 531 new cases of invasive cancer were registered in the INCan’s records.
The resulting clinical stage distribution was as follows: CSI: 19%, CSII: 40%, III:
24%,1V: 5%, and 11%. Patients were not classified according to any previous treat-
ment. These results show that there is a tendency to diagnose in less advanced
stages, thanks to screening and prevention methods that have recently gained
recognition.

8.7 Conclusions

Cervical Cancer staging is performed in a clinical setting because it requires basic
tools that can be used in any hospital clinic throughout the world. Proposing a uni-
versal classification system would allow the establishment of a common language
for the international medical community. However, histopathological staging is nec-
essary to widen the available sources of information and to assess patient prognoses.
Imaging methods are mainly helpful in patients in advanced disease stages or
patients who are recurrent. Hence, it is important to plan more accurate therapeutic
strategies as a function of each patient’s stage.
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Abstract Cervical cancer (CC) is diagnosis based on histopathological analysis.
Although cancer staging is performed clinically, using the International Federation
of Gynecology and Obstetrics (FIGO) criteria, cancer staging systems have been
shown to be deficient for the examination of prognostic factors of CC, including
tumor size and infiltration of the parametria or pelvic wall, as well as for the evalu-
ation of nodal metastases. In this regard, imaging methods are considered crucial in
the assessment of CC, as imaging data complement the information obtained from
a clinical examination.

Ultrasound has a limited role in CC staging; it is inadequate for assessing nodal
status or pelvic wall involvement. Tomography is used to evaluate adenopathies,
define the extent of disease progression, assess metastasis, plan radiotherapy, and
guide percutaneous biopsy. Magnetic resonance imaging (MRI) has been estab-
lished to be superior for the characterization of lesions and local extension of dis-
ease. The main indications for 18F-FDG positron emission tomography-computed
tomography (PET-CT) are initial staging (determination of locoregional nodal
involvement and extrapelvic extension), evaluation of the response to therapy and
detection of recurrence.
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9.1 Introduction

Given its epidemiological features, cervix cancer is still diagnosis based on a clini-
cal examination, despite an error rate of up to 32% in stage IB patients and up to
65% in stage III patients according to the International Federation of Gynecology
and Obstetrics (FIGO). Clinical staging has been shown to be unsuitable for the
evaluation of prognostic factors, such as invasion of the parametria and pelvic wall,
tumor size, and locoregional and distant nodal metastases [1].

Cervical Cancer (CC) staging is fundamental for treatment planning, and this
process implies a reliable, practical and reproducible staging method that facilitates
the assessment of the treatment response, prediction of prognosis, and exchange of
information among different oncological treatment centers. Magnetic resonance
imaging (MRI) is an imaging modality that plays a predominant role in the evalua-
tion of disease extension and spread [2].

Recent studies have reported discrepancies between clinical evaluation results and
MRI data; for instance, the characteristics endocervical lesions are often conflicting,
with an underestimation of the tumor size based on the clinical examination com-
pared to the tumor size based on MRI. In general, the accuracy of MRI in estimating
the tumor size is 93%, while the accuracy of clinical staging is less than 60% [3].

The revised FIGO staging guidelines recommend performing computed tomog-
raphy (CT) or MRI whenever such an imaging method is available. The use of CT
is unsuited for local staging but is highly useful for detecting extrauterine affection,
including nodal affection, fistula, or distant disease. Conversely, MRI provides
high-contrast resolution of soft tissue and enables the clear definition of the local
extension of the primary tumor and metastatic lesions [4].

Currently, MRI has no defined indication in stage A patients, as stage IA cancer
is by definition a microscopic disease that is undetectable on MRI. Thorax radiog-
raphy (TR) and PET are considered for patients with distant disease. Early stage
(ITA1 and IB1) CC patient treatment includes surgery; thus, it is crucial to identify
tumor extension beyond cervix in order to plan the course chemotherapy and radio-
therapy for these patients.

9.2 Technical Recommendations Concerning Cervical
Cancer Assessment Using Different Diagnostic Tools

9.2.1 Ultrasound

This method is affordable, non-invasive, and widely used in different studies and
treatment centers. Hence, ultrasound has gained popularity for CC analysis during
the last two decades. Reports by Fisherova and Testa have described its high
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Fig. 9.1 Normal appearance of cervix by transvaginal ultrasound, sagittal axis (a) and axial axis
(b), transrectal ultrasound of the uterus and cervix (c)

sensitivity and specificity in the detection of primary lesions as well as locoregional
extension [5, 6].

In the study of this type of neoplasia, tone must combine abdominal and pelvic
suprapubic ultrasound to search for adenopathies. Additionally, transvaginal ultra-
sound and transrectal ultrasound are needed to evaluate local extension and Doppler
color ultrasound is applied to assess, tumor angiogenesis in vivo in a non-invasive
manner [7].

To achieve high accuracy using ultrasound, it is recommended to consider three
variables: the operator, who needs some degree of experience; a high-resolution
ultrasound system equipped with multifrequency convex and endocavitary trans-
ducers that is capable of color, spectral and power Doppler imaging. Additionally,
the ultrasound data must be stored as static images or video for post-procedural
analysis. Finally, during each evaluation, the patient’s habitus and general condi-
tions must be considered to perform a complete assessment [8].

Transvaginal exploration is the optimal approach to the study of the uterus, as
this approach adequately locates the anatomy, the annexes, and the pelvic perito-
neum [8]. Cervix-dependent lesions are identified as non-compressible lesions that
can vary in morphology in relation to their growth pattern (exophytic or endo-
phytic). A color Doppler system enables the identification of cervix-dependent
lesions based on a notable increase in their vascularity [9].

After detection and measurement of the orthogonal diameters of a tumor, stromal
infiltration is evaluated (classified as one-third, two-thirds, or complete invasion),
and tumor extension to anterior, lateral, or posterior parametria is explored.
Parametrial invasion is detecting using color Doppler imaging, which facilitates the
discrimination of vascular structures from tumoral tisssue [9].

The transrectal approach is beneficial to patients with an intact hymen, with ste-
notic vagina, with previous brachytherapy; the main indication of this approach in
patients with CC is the evaluation of advanced disease extending to the parame-
trium, rectum, and vagina (Fig. 9.1) [8].
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Fig. 9.2 Axial images in CT in single phase (a) and contrast phase (b) in the same patient, the
cervix is enlarged whithout enhancement; other patient (¢) with a tumor larger and with heteroge-
neous enhancement, the arrows point the tumor with parametrial extension

9.2.2 Computed Tomography

Among its different methods, CT is widely available and provides images with high
spatial resolution within a short period. However, even after image reconstruction and
contrast medium administration, the resolution of soft tissue remains unsatisfactory.

Small primary CC lesions usually appear isodense compared to the cervix, while
larger lesions tend to be hypodense, necrotic and heterogeneous [10]. However,
even further extended neoplasias may appear only as an unspecific increase in cervi-
cal volume (Fig. 9.2).

It is currently necessary for a patient to ingest 750—1000 ml of hydrosoluble
contrast solution; oral contrast medium is useful for discriminating intestinal loops
from lesions, particularly in patients with recurrence or distant disease. Subsequently,
120 ml of non-ionic contrast material is injected intravenously through an injector
at a rate of 3 ml/s. After a 50 s delay, the images are acquired in a caudo-cephalic
direction to observe the uterus and the cervix in their greatest relief. Additionally, a
collimation of 5 mm, a table speed of 12.5 mm per rotation, and 3—5-mm-thick
reconstructions are suggested [10].

The adequate application of contrast medium and table direction during study
acquisition allows for discrimination of the uterine body from the cervix, which shows
characteristic secondary zonal relief against the different components of the central
glandular mucosa, internal fibromuscular stroma, and external fibroglandular stroma,
conferring the uterine body with a “target-like” appearance in axial plane images [11].

9.2.3 Magnetic Resonance Imaging

In the authors’ experience in CC patient diagnosis and follow-up at their institute,
imaging studies are performed using a 3 T Discovery 750 W imager (General
Electric) equipped with a 16-channel superficial antenna, although diagnostic
images can also be obtained using a 1.5 T magnet.
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Patient preparation includes a 4- to 6-h fast, with the aim of diminishing peristal-
sis during imaging. The creatinine concentration in serous fluid must be known
before deciding whether to administer endovenous contrast. To this end, veins in the
forearm fold are preferentially chosen; it is also preferable to administer 20 mg (1
ampule) of hyoscine N-butylbromide 30—40 min before the initiation of imaging
[3].

The key to adequate staging with MRI images is on the utilization of sequences
that use a field of view (FOV) of 16-24 cm, a slice thickness of 3—5 mm, a base
sequence for the evaluation of parametrial invasion of T2, and an imaging plane
perpendicular to the longitudinal axis of the cervical canal, especially for imaging
of the supravaginal cervix; the protocol duration is 30-40 min [3].

The T2 imaging sequences obtained using the below protocol are produced in the
sagittal and oblique planes (acquired perpendicularly to the long cervical canal).
The slice thickness is 5 mm, with a 1 mm inter-slice interval. The images are
acquired with a 24 cm FOV and a 288 x 288 matrix. Optionally, sequences with fat
saturation can be obtained to evaluate lesions showing signal that is distinct from
that of the stroma and cervical canal and to evaluate tumor extension to the uterus,
parametrium, and adjacent organs [3].

T1 sequences in the oblique plane are obtained using a 5 mm slice thickness, a
I mm inter-slice interval, and a 320 x 320 matrix. Additionally, Diffusion-weighted
imaging (DWI) sequences with a B value of 700 s/mm? in the sagittal and oblique
planes can be employed. Whenever needed, the apparent diffusion coefficient
(ADC) is processed in the work module to evaluate the behavior of the lesions that
have greater signal than the remainder of the stroma and to perform quantitative
measurements of the area of interest; ADCs less than 1.2 x 10~ mm?/s are consid-
ered positive as hypointense [3]. In some centers, gel is applied to the vagina for
adequate evaluation of the vaginal and cervical fornices; this method is useful in
patients with exophytic tumor growth. In our institution, this is not routinely per-
formed because most of the patients do not agree to use it.

9.3 Main Diagnostic Aspects to Evaluate
in Each Image Method

9.3.1 Imaging Features Considered in the Detection of Cervix
Cancer

The imaging modalities used to evaluate CC extension include excretory urography
(EU), barium enema, ultrasound, MRI, and PET. An important goal in CC staging
is to discriminate early disease (IA and IB stages) that can be treated with surgical
resection from more advanced disease requiring radiotherapy and probably
chemotherapy.

Recent studies showed a decrease in the use of EU, barium enema, and lymphan-
giography and an increase in the use of CT. In spite of its proven superiority over
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Fig. 9.3 Retrograde Cystogram shows fystula vesico-vaginal (a) point with arrow in a patient
with hysterectomy, in (b) barium enema shows a estenosis in the sigmoid post-radiotherapy, retro-
grade cystogram (c¢) with vesico-ureteral reflux after reinsertion ureteral

other techniques, MRI remains underused in the detection of recurrent disease [5].
Todine-based and barium-based contrasts are useful in the evaluation of treatment
complications, such as fistulae, stenotic zones, vesicoureteral reflux, and ureteral
lesion-related hydronephrosis (Fig. 9.3).

9.3.1.1 Ultrasonography

Transvaginal ultrasonography (TVU) has limited utility for cervix cancer tumor
evaluation.

Transrectal ultrasonography (TRU) has shown higher accuracy than clinical
examination (83% vs. 78%) and, in some studies, even MRI (90% vs. 81%) for the
detection of tumors and 99% vs. 95% for the detection of parametrial invasion [5].

TRU has higher accuracy than CT or IRM for the detection of bladder invasion, based
upon intact mobility over the uterine neck. However, the main disadvantages of TUR are
the inability to evaluate the lateral walls of the pelvis and locoregional nodes [7].

As for the role of echography in the detection of lymphatic nodes in CC, Madsen
et al. showed that the sensitivity of this technique is low (23%) but that it has an
acceptable positive predictive value (71%) in a series of 109 women.

Fisherova et al. described the ultrasound evaluation technique in women with
CC. Detailed evaluation allows for measurement of tumor size to determine the
depth of stromal infiltration; the tumor location; parametrial, bladder and rectal
involvement; and even the presence of pelvic lymphatic nodes [8].

Doppler Ultrasound in Cervical Cancer
Angiogenesis, the production of new vessels in a specific area, has been demon-

strated to be an essential event in tumor growth and progression. In the specific case
of CC, angiogenesis has been shown to constitute an independent prognostic factor
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Fig. 9.4 26 years-old women with cervical lesion, sagittal (a) and axial (b) transrectal ultrasound
images show an hypoechoic, solid cervical tumor (arrow) with increase in blood flow signals on
color Doppler ultrasound, (c) sagittal transvaginal ultrasound image, shows a cervical tumor oblit-
erates the endocervix and is present an intrauterine fluid collection, hematometra (*)

and to predict recurrence. The first studies that evaluated blood flow hemodynamics
in CC were published in the 90s and were focused on the main cervical supply ves-
sels: the uterine artery and its cervical branches; these studies found that the pulsa-
tion index (PI) was lower in healthy women [7].

The first report on an analysis of intratumoral vessels in CC was published by
Hsieh et al. in 1995. These authors found that 46.2% of CC patients showed an
increase in blood flow signals on color Doppler ultrasound. It was reported that
patients with detectable color signals more frequently showed lymphatic node involve-
ment than those who showed no changes on color Doppler imaging (33% vs 5.7%,
p = 0.005), and detection of color Doppler imaging signals correlated with a higher
cell proliferation index. No differences in tumor stage, patient age, clinical staging,
histologic type, or the DNA ploidy of the tumor cells were observed (Fig. 9.4) [7].

9.3.1.2 Computed Tomography

CT has an accuracy in CC ranging from 32% to 80%. Its sensitivity and specificity in
the detection of parametrial invasion vary from 17% to 100%, with a mean of 64%,
and 50% to 100%, with a mean of 81%, respectively. The consensus from the litera-
ture is that the value of CT is increased in the most advanced stages of the disease but
that CT has limited value (a positive predictive value of 58%) in the evaluation of
early parametrial invasion. CT has high accuracy in the detection of advanced disease.
However, a recent study by ACRIN® reported that CT has a sensitivity of only 42%
for the detection of advanced disease, with ranges of sensitivity and specificity for
detecting parametrial invasion of 14-38% and 84—100%, respectively (Fig. 9.5) [10].

The main limitation of CT to local staging is inadequate discrimination between
the tumor and normal cervical stromal tissue or parametrial structures (because of
tissue isodensity). Thus, CT is chiefly used to evaluate advanced disease and metas-
tasis to lymph nodes. The positive predictive value for nodal affection is between
51% and 65%, with a negative predictive value of 86-96% and a sensitivity range of
31-65%. A finding of tumor size (>1 cm) alone on CT can be a low-sensitivity
parameter for malignant adenopathies and can miss microscopic metastases. Other
uses of CT are detection of distant metastases, planning of radiotherapy and guid-
ance of intervention procedures (Fig. 9.6) [10, 11].
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Fig. 9.5 Axial enhanced CT image of the tumors of the 4 cm or more size, in (a) women (52 years
old), (b) and other patient with 46 years old, in both of them: enhancement and hypodense areas
and isodensity (*) which represent necrosis and parametrial extension (arrows), in the left the
enhancement the ligaments uterosacral. In (¢) shows infiltration to the vesical wall (¥) by epider-
moid carcinoma in a patient 46 years old and cervical cancer clinical stage IIIB

Fig. 9.6 Lymph metastasis (arrows) in left ganglionic chain obturator (a), right iliac common (b)
and paraortic chain (c), round, with moderate enhancement, in (b) and (¢) we have changes by
necrosis

Others have stated that CT has an accuracy of 76-80% for the detection of para-
metrial invasion, which is identified as eccentric parametrial masses, obliteration of
periureteral fat planes and shrinkage of vascular structures. Due to its poor resolu-
tion of soft tissue, CT may overestimate parametrial invasion [11].

9.3.1.3 Magnetic Resonance Imaging

MRI offers high-resolution contrast and high-quality contrast in soft tissue, enabling
the generation of multiplanar slices and three-dimensional reconstructions with
maximum intensity projections. The use of functional MRI parameters, such as flux,
temperature, tissue oxygenation, dynamic perfusion, and diffusion, further assist in
treatment planning and treatment response evaluation [3].

MRI allows for the determination of the size, location, local extension, and stro-
mal invasion depth of the tumor. Thus, MRI is superior to clinical evaluation, con-
sidering that lesions smaller than 5 mm have been found in surgical specimens in
70-94% of the cases.

The accuracy of MRI varies from 75% to 96%; its sensitivity and specificity for
parametrial invasion range from 40% to 57% and from 77% to 80%, respectively. In
studies comparing MRI with CT in the evaluation of parametrial invasion, MRI was
superior; it was also demonstrated that the accuracy of MRI is not improved by the



9 Imaging in Cervical Cancer 141

Fig. 9.7 On a sagittal diffusion-weighted MR image (b = 700 sec/mm?), the tumor (arrow) has
high signal intensity (a) in the apparent diffusion coefficient (ADC) map (b) is hypointense with
value 0.7 x 10 =3 mm/s?

use of a 3.0-T magnet. The ADC of MRI for CC is inferior to that for normal cervi-
cal stroma, providing higher resolution between normal cervical stromal tissue
(1.33-2.0 x 107 mm?/s) and cervical tumoral tissue (0.757—-1.11 x 107> mm?/s).
Applying DWI sequences, which do not require intravenous contrast, adds approxi-
mately 2 min to the established protocol (Fig. 9.7) [3].

The addition of DWI examination improves interobserver agreement and is
greatly helpful, particularly when T2 sequences are not conclusive or the image
acquisition is deficient. Metastatic lymph nodes also show significantly lower ADCs
than benign lymph nodes, as observed in abnormal nodes as small as 5 mm. MR
spectroscopy with C-choline measurement does not provide any additional benefit.
In the evaluation of nodal disease, the sensitivity and specificity ranges of MRI are
30-73% and 93-95%, respectively (similar to those of CT) [3].

9.3.14 PET-CT

The prognosis of invasive CC is based on the stage, size, and histologic grade of the
primary tumor, as well as on the nodal status; therefore, staging of the disease is
essential in treatment determination. PET-CT shows higher sensitivity and specific-
ity than conventional imaging methods for the evaluation of extrapelvic extension
and tumor recurrence [12].

The principal indications for 18F-FGD PET-CT are initial staging (the determi-
nation of locoregional nodal involvement and extrapelvic extension), evaluation of
the response to therapy, and detection of recurrence.

BEGD PET-CT is also useful for tumor margin determination and ureteral
obstruction identification, even in the absence of significant dilation. Furthermore,
BEGD PET-CT is useful in the discrimination of residual or recurrent disease from
post-radiation fibrosis when tomography findings are inconclusive [13, 14].
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Fig. 9.8. Woman 52 years old. (a) CT with contrast, and coronal reconstruction. They identify
themselves lymphadenopathies: supraclaviculares, mediastinales and retroperitoneal. (b) The
hypermetabolism by MIP, shows hypermetabolism in the morphologic study, and additionally is
evident the pulmonary alteration. (¢) Study with fusion of PET/CT with *FDG

In recent studies, PET-CT showed the highest sensitivity (79-84%) and specific-
ity (95-99%) for nodal staging, compared to 47-50%, and 92-97%, respectively,
for tomography, and 56-72% and 90-97%, respectively, for MRI.

Due to its high sensitivity and positive predictive value, PET-CT should be the
imaging technique of choice for the evaluation of extrapelvic disease prior to surgi-
cal treatment (Fig. 9.8).

PET-CT has been used in some cases to assist in radiotherapy planning because
the standard external radiotherapy dose is presumably insufficient to provide locore-
gional control of advanced disease. Because 18-fluoromisonidazole (F-MISO)
labels hypoxic areas, this agent is useful in the planning of intensity-modulated
radiotherapy [15, 16].

9.3.2 Imaging Characteristics of Cervix Cancer that Are
Useful for Staging

9.3.2.1 Radiological Approach and FIGO Staging

In June 2009, the FIGO staging committee presented a review on CC staging, updat-
ing the previous 1998 version. Although the revised FIGO staging system does not
include imaging studies in the evaluation of CC, for the first time, the committee
recommended imaging techniques, when available, for the assessment of important
prognostic factors, such as tumor size, parametrial and/or pelvic lateral wall inva-
sion, adjacent organ invasion, and distant lymph node metastasis. Imaging studies
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are complementary to clinical evaluation. According to the FIGO, MRI is the opti-
mal option for the assessment of CC of IB1 or higher stage.

On the other hand, young patients bearing small tumors and desiring to preserve
fertility may choose a more conservative surgical procedure (trachelectomy). In such
cases, MRI is mandatory to determine the tumor size (<2 cm), the cervical length
(>2.5 cm), and the distance from the tumor to the internal cervical orifice (>1 cm) [17].

Stage I

The normal cervix has a round shape typically observed in axial oblique images. In
enhanced T2 images, three distinct uterine neck images are observed: the mucosa is
thin and hyperintense, the stoma is thick and hypointense, and the inner smooth
muscle layer shows an intermediate signal. Generally, MRI is not indicated for the
evaluation of stage IA CC, as such tumors do not show signal abnormalities.

Stage IB tumors have intermediate to high signal intensity relative to that of the
cervical stroma in T2 enhanced images and have variable hyperintensity compared
to the stroma on dynamic contrast-enhanced MRI (DCE-MRI). The tumor growth
pattern may vary between exophytic, infiltrative, and endocervical [3, 12, 18].

Stage IB tumors are subclassified in IB1 and IB2 based on their size (<4 cm or
>4 cm, respectively). The tumor size must be measured in two orthogonal direc-
tions and in three dimensions. MRI has 90% accuracy in the assessment of tumor
size. Accuracy of MRI in tumor size is very important because the clinical examina-
tion is not reliable in this regard, especially fir endocervical lesions. The tumor size
can also determine the type of treatment; fertility-preserving surgery is possible for
tumors smaller than 2 cm, and chemo/radiotherapy may be chosen for tumors larger
than 4 cm, even in the absence of parametrial invasion. MRI is helpful in the evalu-
ation of cervical length and of the distance of the tumor from the internal orifice in
patients who are candidates for fertility-preserving surgery (Fig. 9.9) [3, 18].

Fig. 9.9 Axial (a) and sagittal plane T2-weighted images (b). Endocervical lesion in cervix with
high and heterogeneous signal in comparison with the cervical stroma; maxim diameter 2 cm
(arrow). Stage IB1. Naboth cysts (¥)
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Fig. 9.10 Sagittal plane, T2-weigthed image (a) and T1-weigthed imaged after contrast medium
administration (b) shows an amorphous tumor. The lesion is localized at endocervix with extension
at uterus and vagina superior third. Stage ITA2

Stage 11

Stage II is defined as the involvement of two thirds of the superior vagina, without
parametrial invasion. Vaginal extension is detected as a focal loss of signal towards
the vaginal wall in T2-weighted contrast-enhanced sequences. Similarly to stage
IB, stage ITA is subclassified into ITA1 and ITA2 based on tumor size (<4 cm and >4
cm, respectively). Cervical exophytic tumors can occasionally imitate apparent
vaginal extension; however, the hypointense vaginal ring remains intact in such
cases.

Invasion to the parametrium may occur in stage IIB CC, and such invasion alters
the hypointensity of the cervical stroma without extending to the pelvic lateral wall.
The presence of an intact cervical stroma (with a thickness greater than 3 mm) has
a very high negative predictive value of 96% for parametrial invasion. Conversely,
the positive predictive value of this factor is low (82—86%). Other potential indicators
of parametrial invasion include distortion of the uterine neck, lateral displacement
of the invaded parametrium, loss of the interphase between the tumor and the para-
metrium, increased soft tissue signal after gadolinium administration and spread
along the uterosacral ligaments (Fig. 9.10) [3, 18].

Mistakes in the interpretation of parametrial invasion can occur in the presence
of a previous biopsy with hemorrhage or of peripheral stromal edema, with conse-
quent loss of detectability of the actual tumor margins; other misdiagnosed cases are
endometriosis and voluptuous intravaginal tumors. Interruption of the stromal ring
in tumors that involve the vaginal portion of the uterine neck together with an intact
fornix excludes parametrial invasion.

When the entire thickness of the cervical stroma is interrupted, even in the
absence of parametrial invasion, microscopic invasion cannot be excluded. The
sensitivity and specificity of IRM for the evaluation of parametrial invasion
have been shown to vary from 44% to 100% and from 87% to 93%, respectively
[3, 18].
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Fig. 9.11 Sagittal plane, T2-weigthed image (a), axial plane, T1-weigthed image after contrast
medium administration (b) and sagittal plane, T2-weigthed image (c). Cervical lesion (*) with
extension to vagina and left parametrio (p) distal ureter (u) is expanded

Stage III

Invasion directly to the inferior third of the vagina without extension to the lateral
wall of the pelvis is present in stage IITA CC.

Stage IIIB CC extends through the lateral wall of the pelvis and is defined as the
presence of tumor tissue within 3 mm of the lateral pelvic wall muscles.
Hydronephrosis caused by obstruction of the ureter and the iliac vessel is also pres-
ent in stage I1IB disease (Fig. 9.11).

Direct invasion of the bladder or the rectal mucosa is defined as stage IVA CC:
interruption of the muscularis propa showing hypointensity and mucosal invasion
by a polypoid mass result in high signal intensity along the anterior face of the
posterior wall of the bladder. Vesicovaginal or rectovaginal fistula is observed in
some cases. Invasion of the bladder is more common than rectal invasion because
the area at the back wall of the bladder is exposed and because rectovaginal septum
separates the posterior rectal fornix. Bullous edema can mimic bladder invasion
but can be distinguished based on the presence of an intact bladder mucosa on
DCE-MRI (Fig. 9.13). The sensitivity and specificity of MRI for predicting blad-
der and/or rectal invasion vary between 83% and 100% and between 88% and
100%, respectively. Stage IVB refers to distant metastases beyond the pelvic lymph
nodes to para-aortic and inguinal lymph node, lung, liver and bone tissue (Fig. 9.12)
[3, 18, 19].

Another important aspect to evaluate is nodal status. The sensitivity and specific-
ity of MRI for evaluating nodal disease are from 50% to 70% and from 90% to 96%,
respectively. MRI using ultra-small paramagnetic iron oxide particles (lymphogra-
phy) increases the sensitivity and specificity for detecting such metastatic nodes to
90-100% and to 95%, respectively [19].

Corine et al. stated that the DWI sequence is an appropriate tool in MRI for
assessing not only primary lesions but also suspicious lymph nodes after chemo-
therapy. DWI alone has comparable value to PET. Therefore, Corine et al. recom-
mended the use of DWI for evaluation of the pelvis and abdomen.
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Fig. 9.12 Sagittal (a) and (b) axial T2-weigthed MR image show heterogeneous lesion with
extension to the uterus and left isquiorrectal fossa and internal obturator muscle (arrow) and uri-
nary bladder. Stage IV A

Fig. 9.13 Stage I1IB cervical cancer in 64-years old woman treated with chemotherapy, braqui-
therapy and teletherapy, shows parametrial recurrence. Axial plane, T2-weighted MR image (a),
axial contrast-enhanced CT image (b) and trans-rectal ultrasound with biopsy (¢) (¥) arrow shows
the lesion

The criteria used to diagnose suspicion of lymph node metastasis are a maximum
tumor size of the short axis greater than 1 cm (pelvis and abdomen), round shape,
irregular margins, signal similar to the primary lesion, and the presence of necrosis
[20, 21]. Pannu et al. reported that the maximum dimensions of normal lymph nodes
at specific sites are 7 mm in the internal iliac chain, 9 mm in the common iliac chain
and 10 mm in the external iliac chain (Fig. 9.6) [22].

Nodal spread is characteristic of CC and commonly occurs in a defined order.
The paracervical lymph nodes are the first affected, followed by the parametrial,
paraureteral, obturator, hypogastric, external iliac, and common iliac lymph nodes.
When the common iliac lymph nodes are affected, further extension to the inguinal,
presacral and para-aortic lymph nodes is common. Finally, CC metastasizes to the
mediastinal and supraclavicular nodes. When suspicious extrapelvic retroperitoneal
lymph nodes are identified, performance of guided biopsy is recommended for con-
firmation of the histological status and the treatment plan [20, 21].
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9.4 Recurrence Evaluation

In 2003, 24,094 new cases of CC were diagnosed in Mexico, of which 38.2% were
invasive lesions and 61.7% were in situ carcinomas. In the worldwide literature,
50% of CC patients are diagnosed with stage I disease; the 5-year survival rate for
this group is higher than 90%. However, 35% of patients have persistent or recurrent
disease after ending their therapy, and 75% of recurrences occur within the 2nd or
3rd year [1, 4, 17].

According to the FIGO, the risk of recurrence depends on the histologic type
(e.g., clear cell carcinoma has a worse prognosis than other subtypes), tumor vol-
ume, depth of stromal invasion, lympho-vascular invasion, parametrial extension,
lymph node involvement at the time of surgery, margin status, and histology.

The vagina and the central pelvis are the most frequent sites of recurrence.
Recurrences are asymptomatic in 46-95% of patients. Symptoms include abdomi-
nal and pelvic pain, symptoms affecting the legs (pain or lymphedema), vaginal
discharge or bleeding, urinary symptoms, cough and weight loss.

The clinical evaluation for CC recurrence includes a complete bimanual and rec-
tovaginal examination of areas that are susceptible to HPV using a mirror (recurrent
asymptomatic disease detection rate of 29-75%). Physical examination can detect
many cases of recurrent disease in high-risk patients (based on positive pelvic
lymph nodes, surgical margins and/or positive parametrium). Exfoliative cytology
and physical examination have limitations that, in combination with factors such as
obesity and radiotherapy-induced changes, contribute to its low accuracy. Therefore,
imaging and laboratory studies are indicated in cases of strong clinical suspicion of
recurrence [17].

The imaging modality selected for the evaluation of recurrence should include
the entire body to exclude the presence of distant disease. Chest radiography has a
detection rate of 20—47%, and its use is recommended in patients who have received
radiotherapy.

In pelvic ultrasound studies, the appearance of vaginal recurrence has been
described as vascularized solid nodules on color Doppler imaging. The spectra of
recurrent tumors have low resistance, high systolic peaks compared with benign
lesions. The infiltrated nodes are round and display loss of hilum and a hypoechoic
structure. Changes in the appearance of infiltrated nodes may occur due to necrosis
and calcification. Partial infiltration of a node produces a heterogeneous echo struc-
ture. When nodes show extracapsular invasion, the margins are poorly defined and
irregular, and infiltrative growth is observed.

The nodal disease detection rates using ultrasound and CT are low; their main
limitation is differentiation between fibrotic and tumor tissue. The use of these
imaging methods is based upon the patient symptoms and the physical examination
findings and should be individualized.

To evaluate local disease, MRI serves as an optimal method for analyzing disease
recurrence. In a site that has been altered by surgery and radiation therapy, MRI is
used to differentiate tumor recurrence from fibrosis (Fig. 9.13).
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18F-FDG PET-CT has a sensitivity, specificity, and accuracy of 92%, 92.6% and
92.3%, respectively, for the detection of local recurrence as well as lung metastasis,
peritoneal spread, paraaortic lymph node spread, and pelvic lymph node metastasis.
A complete metabolic response is associated with 3-year disease-free survival.
Therefore, women with lesions smaller than 2 cm or with negative lymph nodes do
not require follow-up imaging unless they are symptomatic; patients with tumors
greater than 2 cm in size with positive lymph nodes are indicated for follow-up via
PET-CT13-15.

Approximately 30% of women treated for invasive cervical carcinoma have resid-
ual or recurrent disease. Pelvic recurrence is often central, extending from the uterus
or cervix after radiotherapy or from the uterine or vaginal bed after surgery. Recurrence
can be asymptomatic and can be detected on clinical examination or imaging. Tumor
extension may involve the pelvic wall or rectum and can become further complicated
by the appearance of a fistula. Recurrence in the pelvic wall can occur via direct
extension or metastatic nodal disease, which can manifest as hydronephrosis, edema
or pain in the extremities. Patients who received pelvic radiotherapy can have recur-
rence in extrapelvic sites such as the liver and lungs, despite adequate local control.

CT and MRI play an important role in the detection of recurrence. The accuracy
of these modalities in showing recurrence after surgery and/or radiotherapy is 85%.
The main limitation of CT and MRI is the differentiation of post-radiation fibrosis
from disease recurrence after surgery; the presence of fistulae or rectovesical
pouches also limits their usefulness.

MRI has been shown to be more useful than CT after radiotherapy. On MRI,
tumor recurrence is detected as a high signal intensity mass within a low signal
intensity cervix in the uterine bed or on the wall of the pelvis. Fibrosis usually has
low signal intensity on T2 sequences, but high signal intensity areas can also repre-
sent inflammation. Thus, inflammation may produce false positives, especially dur-
ing the first 6 months after radiation therapy. The use of contrast media has not
improved the ability of MRI to detect tumor recurrence after radiotherapy, but
dynamic imaging sequences have produced better results. Generally, MRI is also
preferred for the evaluation of fistulae (Fig. 9.13) [3, 9, 10].

In patients with clinically suspected recurrence, PET-CT has been reported to
have a sensitivity of 90.3-92.7% and a specificity of 81-100% for confirming the
presence of disease recurrence. The performance of PET-CT on asymptomatic
patients has not been shown to improve survival [12, 13].

9.5 The Future of Imaging Methods in the Evaluation
of Cervical Cancer

Currently, imaging methods, including tomography, MRI and PET-CT, play a lead-
ing role in restaging, response to therapy and treatment failure prognosis in CC.
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MRI is especially useful in delineating the extent of the primary tumor to support
the planning of radiotherapy. Compared with hybrid PET-CT studies, MRI improves
the search for lymphadenopathies with infiltration, enabling a requisite increase in
the therapeutic dose [22].

Diffusion sequences have been shown to be useful in assessing the extent of
these injuries, responses to therapy and prognosis. Currently, it is considered that
the lesion size is ideally evaluated with T2-weighted contrast-enhanced MRI; how-
ever, this sequence may be suboptimal in cases of invasive adenocarcinoma, isoin-
tense lesions or early stage cancer in which fertility could be preserved. In these
cases, considering that the lesions restrict diffusion, these sequences may be useful
for disease characterization.

Diffusion MRI sequences can improve the initial staging, facilitating assessment
of tumor size, and extrauterine spread of disease. In addition, they can be useful in
histologic analysis of CC: the ADC has been suggested to be useful in determining
the pathological grade of carcinoma because the ADC represents tumor cell density.
The ADC has been reported to be significantly smaller in squamous cell carcinoma
than in adenocarcinoma [23].

Considering the recent progress in oncologic PET-CT imaging, it is natural that
the search for new applications that combine anatomical and functional imaging,
such as PET/MRI fusion, which merges metabolic activity assessment with the spa-
tial resolution of MRI, is promising. Moreover, the efficiency of MRI in local CC
staging and the effectiveness of PET in the detection of suspicious lymph nodes and
distant disease support the application of PET/MRI fusion. Currently, this hybrid
method is limited by its scarce availability and its inherently high cost [24].

Only few studies have demonstrated the effectiveness of PET/MRI in the assess-
ment of gynecological tumors. However, small studies have shown similar effec-
tiveness between PET/MRI and PET-CT in detecting recurrence [24].
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Chapter 10
Primary Surgical Treatment of Cervical
Cancer

Aaron Gonzalez-Enciso, Salim Abraham Barquet-Muiioz,
and Milagros Pérez-Quintanilla

Abstract Surgery is still the standard treatment for early stage cervix cancer. This
form of cancer generally implies the need for a radical hysterectomy with a bilateral
pelvic lymphadenectomy (BPL). Patients who benefit from this procedure include
those bearing tumors smaller than 4 cm that are confined to the cervix. The goal of
these procedures is to resect the entire tumor and to establish, based on pathological
analysis, whether the patient possesses pathological risk factors that support adju-
vant radiotherapy and chemotherapy. However, surgical treatment is not exempt
from complications, which have been reported during the intraoperative period in
approximately 2% of cases and during the late postsurgical phase in up to 20%of
cases. Over the decades, new minimally invasive methods have been implemented
to decrease the appearance of these complications while yielding the same onco-
logical results. Additionally, the sentinel lymph node biopsy in cervical cancer is
beginning to be incorporated as an alternative to BPL. Moreover, new techniques
that preserve fertility are now used in strictly selected young women who would like
to have more children.
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10.1 Introduction

Cancer of the cervix is one of the most common malignancies among women, espe-
cially in developing countries. Among the therapeutic modalities for cervix cancer,
surgery is still the standard treatment, especially in early stage cancer, which dis-
plays recovery rates of approximately 90%. However, one must bear in mind that
surgery is not exempt from complications or morbidities in both the short term and
the long term. Currently, thanks to technological and medical advances, it is possi-
ble to perform surgical procedures with reduced morbidity. The current chapter
presents the indications, techniques, and complications of cervix surgery, as well as
techniques that are currently performed to decrease patient morbidity.

10.2 Indications for a Surgical Procedure

The appropriateness of a surgical procedure to resolve cervical cancer depends on
the clinical stage (CS) of the disease, the desire to preserve fertility, the clinical
condition of the patient, and resource availability. It is thus necessary to individual-
ize the radicality of the surgical treatment to maximize effectiveness and to mini-
mize the morbidity and, consequently, the patient’s quality of life [1].

In 2009, the International Federation of Gynecology and Obstetrics (FIGO) estab-
lished a clinical staging system for cancer of the cervix, classifying cervical cancer
into early and advanced disease [2]. According to the consensus from the international
literature, the term early clinical stage (ECS) denotes invasive carcinoma strictly con-
fined to the cervix with a diameter of less than 4 cm without parametrial affection. The
stages [A1, IA2, IB1, and IIA1 (smaller than 4 cm in diameter) are considered ECS.

The treatment of choice for ECS cervical cancer is radical hysterectomy, although
the clinical indications are not uniform: this procedure is suitable for up to stage IB1
disease, beyond which radical hysterectomy has not been associated with excellent
oncological results.

Currently, optimal surgical management of early stage cervical cancer patients
consists of decreasing morbidity without compromising the oncological result.

Between 25% and 40% of the patients diagnosed with early stage cervix cancer
are of reproductive age or have future pregnancy plans; hence, alternative, less radi-
cal treatment options must be considered for these patients [3].

The treatment should be addressed in a systematic manner according to the size
of the tumor and the desire to preserve fertility.

10.2.1 Fertility-Sparing Surgery

Fertility-sparing surgery must only be considered for a highly restricted group of
patients who satisfy not only oncological criteria but also a set of prenatal and peri-
natal criteria (Table 10.1).
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Table 10.1 Ideal Confirmed cervical cancer: squamous, adenocarcinoma, or
requirements for fertility- adenosquamous

sparing surgery in cervical pIGQ stage IA1 with PLV, IA2, or IB1

cancer

Desire to preserve fertility

Tumor size < 2 cm

No history of infertility

Limited endocervical affection

Possibility for resection with margins > 5 mm

Cervical length > 1 cm

Negative pelvic ganglia

Microinvasive disease, or stage IA1 disease without lymphovascular permeation
(LVP), has an incidence of lymphatic metastasis below 1%; thus, cervical coniza-
tion is the standard treatment in stage IA1 cervical cancer patients with reproductive
wishes. Management of stage IAl disease with LVP is controversial; the
recommendation in most publications is cervical conization with BPL and assess-
ment of sentinel lymph node biopsy.

Patients with stage A2 or IB1 cervical cancer with a tumor size of less than 2 cm
and a favorable histological lineage (epidermoid, adenocarcinoma, or adenosqua-
mous) can be candidates to conservative surgery. Radical trachelectomy with BPL
by laparoscopy or by laparotomy with or without sentinel lymph node biopsy in
cervical cancer is a treatment option [4]. Wethington et al. reported in a systematic
review that the pregnancy rate of patients treated with radical trachelectomy was
52%.

10.2.2 Non-fertility-Preserving Surgery

In women without surgical, technical or medical contraindications and without a
desire to preserve fertility, extrafascial, or type A, hysterectomy is the standard
treatment for stage IA1 cervical cancer without LVP. In patients with stage IA1 with
LPV or stage TA2 disease, radical hysterectomy with BPL, or type B hysterectomy,
is the standard treatment option; para-aortic lymphadenectomy (PAL) should also
be considered in patients who are suspected to have lymphatic disease in the para-
aortic lymph nodes [4].

In patients with stage IB1 disease or with stage IIA1 disease without contraindi-
cations, radical hysterectomy with BPL with or without PAL, or type C hysterec-
tomy, is the first treatment option [4].

In young women, it is convenient to preserve the ovaries whenever possible.
Radiotherapy shows similar outcome rates to surgery; however, surgical treatment
is preferred for young women, given its associated benefits for quality of life, such
as the preservation of ovary function, vaginal integrity, and increased lubrication
and vaginal elasticity compared to radiotherapy [5].
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10.3 Principles of the Surgical Technique

In 1912, Wertheim was the first to popularize the radical hysterectomy technique;
after the description of more than 500 cases, associated with a 10% mortality rate,
this technique has evolved.

Subsequently, at Harvard Medical School, Meigs modified the radical hysterec-
tomy technique by including complete parametrial excision with BPL. Then, in
1974, Piver, Rutledge and Smith produced the first hysterectomy classification sys-
tem (Table 10.2) [6]. In 2008, Querleu and Morrow proposed a new classification
system that includes a description of the specific anatomic limits and margins of
surgical resection (Table 10.3). The resection limits are factors that influence the
patient’s quality of life [7].

The first and most important surgical principle to be considered before radical
pelvic surgery is an exhaustive understanding of pelvic anatomy (Fig. 10.1). This
understanding will decrease the incidence of lesions during the procedure, for exam-
ple perioperative lesions of the hypogastric nerves during the resection of the dorsal
portion of the paracervix, or damage to vessels important for the anatomical variants.

Radical hysterectomy includes removal of the uterus as a block together with the
parametrium (cardinal and uterosacral ligaments) and one third or one half of the
vagina (Fig. 10.2).

Since 1974, according to the Piver-Rutledge-Smith description (Table 10.2),
through 2007, according to the new criteria presented by Hidekazu Okabayashi, up
to the 2008 Querleu-Morrow classification (Table 10.3), strict anatomical definitions
concerning the preservation of autonomous nerves, fertility preservation, and lateral

Table 10.2 Piver-Rutledge-Smith classification of radical hysterectomy [6]

Subtotal/Supracervical

The uterus is removed. The superior portion of the cervix is amputated, and the remnant of the
cervix is conserved. The uterosacral ligaments are conserved.

Class I

Extrafascial hysterectomy. The fascia of the cervix and the inferior segment of the uterus are
removed.

Class 11

Modified radical hysterectomy. The uterine artery is ligated where it bridges over the ureter, and
the cardinal and uterosacral ligaments are cut in half at their insertion to the pelvic wall and the
sacrum, respectively. One third of the vagina is cut.

Class II1

Radical hysterectomy. The uterine artery is ligated at its origin to the superior vesical artery or to
the iliac artery. The cardinal and uterosacral ligaments are cut at the pelvic and sacral walls. The
superior third of the vagina is resected.

Class IV

Radical hysterectomy. The ureter is completely dissected from the vesicouterine ligament, the
superior vesical artery is sacrificed, and three fourths of the vagina is resected.

Class V

Radical hysterectomy. In addition to the above, a portion of the bladder or the distal ureter is
resected, followed by the reimplantation of the ureter to the bladder.
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Table 10.3 Radical hysterectomy classification system of Querleu and Morrow (2008) [7]

Type A: Extrafascial hysterectomy or minimal paracervix resection

The extent of paracervix resection is medial to the ureter but lateral to the cervix, and the
uterosacral and vesicouterine ligaments are not resected. The vaginal resection is minimal, and
trachelectomy is not performed. This technique includes palpation and observation, but not
mobilization, of the uterus.

Type B: Radical modified hysterectomy or paracervix resection at the level of the ureter
B1: The paracervix is resected at the level of the ureteral tunnel, the uterosacral and
vesicouterine ligaments are partially resected, and the neurological component of the paracervix
(caudal to the deep uterine vein) is not resected. At least 10 mm of vagina from the cervix to the
tumor is removed. A dissection is performed, and the ureter is lateralized without being
mobilized.

B2: The lateral paracervical ganglia are dissected in addition to the procedures described for B1.
The edge between the paracervical and parietal ganglia (iliac and obturator lymph nodes) is
defined by the obturator nerve.

Using this technique, the uterine artery is preserved.

Type C: Radical hysterectomy or paracervical resection at the junction with the vascular
iliac system.

The cardinal ligaments are resected from the pelvic wall and the uterosacral ligament is resected
at the level of the rectum, including a section of the vesicouterine ligament; a 15-20 mm
segment of the vagina or the cervix tumor is removed. The ureter is completely mobilized.

C1: With preservation of the autonomous nerves.

C2: Without preservation of the autonomous nerves.

Type D: Laterally extending resection

D1: The parametrium is resected from the pelvic wall with mobilization of the iliac vessels
and with exposition of the sciatic nerve roots.

D2: The parametrium is resected from the pelvic wall together with hypogastric vessels,
muscular structures, and adjacent fascia. The ureter is completely mobilized.

Fig. 10.1 Pararectal and
paravesical spaces during a
radical hysterectomy.
Between both spaces is the
parametrium, containing
the uterine artery, which is
crossed by the ureter

extension are applied to the performance of open, laparoscopic and robotic tech-
niques [8, 9]. The new classification approaches aim to unify traditional concepts
and maintain a three-dimentional view of the uterus, the anatomical retroperito-
neum, sympathetic innervation and the parasympathetic female pelvis.
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Fig. 10.2 Products of a
modified radical
hysterectomy. The resected
parametrial tissue, uterine
artery, and 2 cm of the
edge of the vagina are
presented

The second surgical principle is radical resection of the parametrium: a decisive
parameter for the evaluation of the type of radical hysterectomy. The extent of
resection must be defined according to three areas of the parametrium (ventral, dor-
sal, and lateral) and in three axes (sagittal, frontal, and transverse). These points are
described in the Querleu and Morrow classification system, which specifies four
types of hysterectomy according to specific anatomical locations. In contrast, the
system described by Piver does not distinguish between type II and type III hyster-
ectomy. The main difference lies in the reduction in resection of the vesicouterine
ligament, below the ureter, and the dissection in the lateral area of the parametrium.
Another difference between these forms of hysterectomy is the performance of uter-
ine artery ligation and pelvic lymphadenectomy [7].

Each step of the procedure must be carefully specified and must have a preopera-
tive and trans-surgical plan for the surgery to succeed. The following must be described.

— The anatomical limits of pelvic ganglionar dissection and the number of lym-
phatic nodes dissected. Any suspicious lymphatic nodes must be sent for trans-
surgical pathological analysis.

— Additional procedures to be performed (bilateral salpingo-oophorectomy or
ovarian transposition)

— Type of parametrectomy (B, C1, C2)

— Length of vaginal resection

10.3.1 Bilateral Pelvic Lymphadenectomy

All types of radical hysterectomy include lymph node dissection, which can be clas-
sified as level 1, defined as the external and internal iliac lymph nodes (Fig. 10.3);
level 2, defined as the common parasacral and iliac lymph nodes; level 3, which
corresponds to level 2 and the infra-mesenteric aortic lymph nodes; and level 4,
defined as the infra-renal aortic lymph nodes in addition to level 3.
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Fig. 10.3 Dissection of
the right pelvic lymph
nodes. The genitofemoral
nerve as well as the iliac
external vein and artery
crossed by the left ureter
are observed

The benefit of pelvic lymphadenectomy has been demonstrated in several retro-
spective studies showing increased survival and prognostic information after exci-
sion of the pelvic lymph nodes with macroscopic or microscopic affection.

In 1996, Benedetti Panici et al. proposed to standardize the radicality of lymph-
adenectomy for cervical cancer with the purpose of specifying the anatomic limits:
cephalic over the common iliac artery bifurcation, caudal to the deep circumflex
iliac vein, medial to the superior vesical artery, and lateral to the genitofemoral
nerve and the psoas muscle [10].

In a systemic pelvic dissection, between 25 and 35 pelvic lymph nodes are dis-
sected. According to Sakugari, the number of pelvic lymph nodes removed varies
from study to study, with the mean between 13 and 56. The European Organization
for the Research and Treatment of Cancer (EORTC)-Gynecological Cancer Group
(GCQG) defined the excision of more than 11 pelvic lymph nodes as an indicator of
the quality of pelvic lymphadenectomy [11].

10.3.2 Trachelectomy

In recent decades, there has been an increase in the use of the vaginal trachelectomy
with laparoscopic pelvic lymphadenectomy as described in 1994 by Dargent. After
that report, several authors have described favorable obstetric and oncologic results
in their trachelectomy experience in select patients at early clinical stages, not only
using the vaginal approach, but also using the abdominal approach or laparoscopic
techniques.

The main goal of trachelectomy is to resect the cervix, 1 or 2 cm of the vagina,
the parametrium, and paracervical lymph nodes. This resection is similar to that
performed in radical type III or C hysterectomy, exception that in a trachelectomy,
the uterine body is conserved. The surgical principles are identical between laparo-
scopic, open and vaginal abdominal trachelectomy.
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During the surgical procedure, the first step before beginning the trachelectomy
is to mobilize the ureter; care must be taken in handling the uterine-ovarian pedicle
and the uterine horn. The identification of a low-risk group of patients in whom
parametrectomy and pelvic lymph nodes dissection can be avoided has been a mat-
ter of debate for years; such patients could benefit from a less radical surgery. The
concept of the sentinel lymph node biopsy, which is discussed below, emerged from
this consideration [1].

10.4 Surgical Complications

Given the anatomic location, the main complications presenting after radical sur-
gery for cervix cancer are those related to nearby structures, such as the bladder,
rectum, ureter, and important pelvic vessels.

The main and most documented morbidity involves the urinary tract. Urodynamic
changes have been reported after radical hysterectomy; these changes include detru-
sor muscle hypoactivity, decreased bladder sensation and reduced filling capacity.
This morbidity has been reported in 75-85% of patients receiving a type III or C2
hysterectomy. Spontaneous recovery of bladder function is expected within 6—12
months after the surgery. Discomfort, frequently including urgency, urinary inconti-
nence, and bladder emptying difficulties, is reported 6—12 months after the proce-
dure in 30% of patients. Severe bladder dysfunction has been reported in more than
16% of patients [12]. Urinary incontinence is one major complication after radical
surgery for cervix cancer. This complication has been observed in 48-53% of women
at 6 weeks after the surgical intervention, gradually declining to 30% of patients at 3
months after the surgery [12]. Chuang et al. described detrusor hypoactivity in 85.7%
of patients, detrusor hyperactivity in 10.2% and normal function in 4.1% based on
follow-up over a period of 6 months to 30 years after the initial treatment [13].

The presence of a vesicovaginal or ureterovaginal fistula after a radical hysterec-
tomy has been reported in 0.9-2.7% of patients [12]. In these cases, the fistula is pri-
marily located in the anterior wall of the vagina. Risk factors of vesical damage, such
as hemorrhage, obesity, diabetes, and post-surgical infection, must be considered.

A series of 361 women surgically treated with radical surgery (285 radical hys-
terectomy, 42 vaginal radical hysterectomy, 30 laparoscopy-assisted radical vaginal
hysterectomy, and 4 abdominal radical trachelectomy) revealed intra-operative
complications in 6% of the women, transfusion-related complications in 9%, and
post-surgical infections in 4% [14].

The extent of anatomic nerve lesions during a radical hysterectomy or trachelec-
tomy plays a crucial role in long-term anorectal dysfunction, such as diarrhea, con-
stipation, fecal incontinence, and flatulence; these complications occur after an
extensive dorsal parametrial resection or an extensive colpectomy and are less com-
mon, although they can impact a patient’s quality of life. Cibula et al. reported
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significant differences between autonomous nerve-preserving and non-preserving
procedures with respect to defecation changes at 6 months after the procedure [15].

Sexual dysfunction often has psychological and functional causes, and anatomic
changes play a role in this complication. The current literature is controversial; in
women with greater sexual activity, receptivity owing to good vaginal lubrication is
achieved when the autonomous nerves are preserved. In addition to bleeding, poten-
tial peri- and post-surgical morbidities include the formation of lymph node
dissection-related lymphoceles and lymphedema. Lymphoceles are typically inci-
dentally found; they only rarely cause ureteral hydronephrosis or pelvic pain. The
incidence of lymphedema has not been specifically studied because of its low inci-
dence after pelvic lymphanedectomy [16].

10.5 Minimally Invasive Approaches

Minimally invasive approaches, such as laparoscopy and robot-assisted surgery,
have become more popular over recent decades. These approaches are considered to
provide benefits to patients receiving BPL and PAL to treat neoplasias of the cervix
without affecting oncological results (Fig. 10.4). No differences in pathological
results have been reported between minimally invasive and open surgical approaches.
When comparing laparoscopy with open surgery, no difference was found in the
size of parametrial resection (1.9 cm versus 1.7 cm, p = 0.55), the percentage of
patients with negative borders (96% versus 91%, p = 0.33), the percentage of
patients with lymph node metastasis (26% versus 14%, p = 0.191) [17], the 5-year
survival rate (92.4% versus 93.6%, p = 0.29), or the recurrence rate [18].

The main differences observed for laparoscopy compared to open surgery are a
smaller amount of bleeding (55 ml versus 145 ml; p < 0.01) [18] and reduced hos-
pitalization time (4 days versus 7 days, p < 0.01), although at the expense of longer
surgeries (196 min versus 152 min, p < 0.01) [18]. Furthermore, the complication
rates of these two procedure types are similar.

Fig. 10.4 View of the
surgical site after a radical
hysterectomy with bilateral
pelvic lymphadenectomy
via laparoscopy in a patient
with stage IB1 cervix
cancer.
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Notably, certain patient groups exhibit better results when treated with a minimally
invasive approach. According to Park, the laparoscopic approach has a lower compli-
cation rate in obese, elderly women, without sacrificing the oncologic results [19, 20].
Finally, the laparoscopic approach requires formal training and a learning curve of at
least 40 procedures to attain a reduction in surgical time (from 307.7 to 266.3 min, p
= 0.022) or in the complication rate (from 25.7% to 2.9%, p = 0.013) [21].

10.6 Oncologic and Obstetric Results of Fertility-Sparing
Surgery

The main goal of fertility-sparing surgery is to obtain similar oncologic results to
those obtained via radical management of early stage cervix cancer while preserv-
ing fertility.

The ideal candidates to undergo a fertility-sparing procedure are cervix cancer
patients presenting with histologic types with favorable prognosis at early disease
stages, preferably with tumors smaller than 2 cm and without lymph node affection
(Table 10.1) [22].

In 1994, Dargent was the first to propose trachelectomy as a fertility-sparing
procedure. To date, vaginal, abdominal and laparoscopic approaches of trachelec-
tomy have been described. It is important to always complement this procedure with
BPL to rule out lymph node affection. The advantages of the abdominal approach
are a larger parametrial resection and a lower recurrence rate, at the expense of a
higher rate of early pregnancy loss [16].

The oncological results of fertility-sparing surgery are similar to those reported for
radical hysterectomy, with recurrence rates ranging from 1.2% up to 6.8% and neopla-
sia-related death rates varying between 2.1% and 2.4% [22]. Regarding the obstetric
results, fertility preservation (that did not require radiotherapy) rates of 85.1-91.1%
were obtained, with pregnancy rates of 16-24% and live birth rates of 11.3-28.3% [23].
Other complications frequently reported in relation to this procedure are amenorrhea,
cervical stenosis, abnormal uterine bleeding, endometrial obliteration, postoperative
infection, ovarian tube abscess, hematometra, lymphocele and tromboembolism [23].

In tumors larger than more 2 cm, is possible the neoadjuvant chemotherapy
before the procedure, in the case reports the results obstetricians and oncological are
similarly, but is necessary more evaluation and is recommendable only under proto-
col and specialized institution in cancer [24].

10.7 Sentinel Lymph Node Biopsy in Cervix Cancer

The sentinel lymph node biopsy has gained acceptance in gynecological cancer in
recent years. It is a standard observation in the early stages of other neoplasias, such
as breast cancer and melanoma. Presently, the sentinel lymph node is defined as the
first lymph node to which the tumor lymphatic supply arrives, and identifying this
lymph node can potentially help to determine the risk of lymph node metastasis.
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The sentinel node identification technique is recommended in early stage dis-
ease, preferably in tumors smaller than 2 cm. Furthermore, a two-step technique
must be used, consisting of injecting a radio-colloid such as Tc-99 and a dye such
as indocyanine green or patent blue before the procedure. The injection may be peri-
tumoral or within 2—4 quadrants of the cervix and 1 cm deep. Then, using a gamma
probe and under direct visualization, the location of the node is determined. The
sensitivity of this two-step technique is approximately 92% (95% CI of 84-98%),
with a detection rate of 97% (95% CI of 95-98%) [4]. Because the cervix has a
bilateral lymphatic system, the pelvic lymph nodes from both sides of the body
must be evaluated, even when the sentinel lymph node is detected in a unilateral
manner. If a suspicious sentinel lymph node is found and such node must be resected
or if the node is metastasis-positive, the surgery is aborted and radiotherapy with
concomitant chemotherapy is initiated.

Sentinel lymph node biopsy assessment is associated with short-term and long-
term decreases morbidity, mainly in the appearance of pelvic inferior member lym-
phocysts and lymphedema [1]. Currently, sentinel lymph node analysis is not a
standard for cervix cancer; therefore, determination of the status of the sentinel
lymph node is exclusively recommended in research protocols.

10.8 Conclusions

Over time, cervix cancer treatment has evolved. Surgical treatment is still the curative
choice for early stage disease. The oncological results of surgical treatment are similar
to those of other treatments. Updates to the classification of surgical techniques have
facilitated the incorporation of novel techniques that have decreased surgery-related
morbidities. At present, the implementation of less invasive surgical procedures that
decrease the extent of bleeding and the length of hospital stay is widely accepted.
Similarly, the incorporation of fertility-sparing techniques has increased the range of
treatment options for women of all ages. Finally, although these techniques have not
yet been standardized, the use of less invasive techniques, such as sentinel ganglion
analysis, have supported the establishment of new treatment options that decrease pro-
cedure-related short- and long-term complications with equivalent oncological results.
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Chapter 11
Surgical Treatment for Advanced or Recurrent
Disease in Cervical Cancer

Gonzalo Montalvo-Esquivel, Milagros C. Pérez-Quintanilla,
Angel Herrera-Gémez, Francisco Javier Alcala-Prieto,
Flavia Morales-Vasquez, and Horacio Noé Léopez Basave

Abstract In patients with locally recurrent cervical cancer, pelvic exenteration is a
viable option with long-term survival in over one third of patients. Depending on the
survival disease-free, the site and size of recurrence can be set 5-year survivals of
48-60%. Since it was first reported in 1948, pelvic exenteration has been used in the
treatment of advanced pelvic cancers. The original procedure has been modified in an
attempt to preserve urinary or fecal continence. The subclassification of the exenteration
groups into type I (supralevator), type II (infralevator), and type III (with vulvectomy)
is helpful to facilitate understanding of the extent of resection of the pelvic structures
and the anatomical changes associated with each operation. Pelvic exenteration should
only be undertaken by experienced surgeons at specialized centers. Restorative tech-
niques for both urinary and gastrointestinal tracts can diminish the need for stomas and,
along with vaginal reconstruction, can significantly improve quality of life for many
patients afterexenteration. These advances in surgery and radiotherapy help make the
procedure a viable option for patients with otherwise incurable elvic malignancy.
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11.1 Introduction

The term Pelvic Exenteration (PE) refers to an ultraradical procedure of en bloc
resection of multiple endopelvic organs, followed by surgical reconstruction, in
order to re-establish the abolished visceral and parietal functions. It has a curative,
and local control goal in patients with gynecological cancer; its main indication is
in recurrent cervix cancer (CC) patients that cannot be treated with less invasive
procedures [1].

Between 1985 and 2015, at the National Cancer Institute of Mexico, 115 recur-
rent CC-related PE procedures were performed, with a disease-free period of
18 months. Of these women, 85 (73.9%) undertook total PE, and 19% suffered from
complications. This is less than the international literature mean, which is between
22 and 32%, with a global survival of 18 months in a 2-year follow up. Currently,
the procedure is designed for recurrent disease and is used in this way mainly in
America. Nonetheless, it is used for both primary and recurrent disease in Europe.

11.2 Historical Perspective

The PE was first described in 1948 by Dr. Alexander Brunschwig, director of the
Gynecology service of the New York Memorial Hospital, USA, as a palliative pro-
cedure for the abdominalperineal resection of recurrent or persistent gynecological
tumors. In its beginnings, the procedure consisted of three steps: first the colostomy,
second, the transcutaneous nephrostomies, and third, the pelvic viscera scission.
However, after the disappointing results obtained, this procedure was replaced by a
one-step resection included the rectosigmoids, the genital tract, and bladder, includ-
ing the suspensory structures, regional lymph nodes of these organs, the ureter,
anus, and vulva, with the implantation of the ureters to the Colon, and terminal
colostomy; temporarily packing the empty pelvis with gauze, and closing the wound
with adaptation of the tissues. Dr. Brunsshwig performed the procedure in 22
patients, reporting 5 perioperative deaths (23% of the series), four late deaths, and
14 patients who survived up to 8 months [2].

Complications on the long run mainly consisted of infections of the urinary tract,
hyperchloraemic acidosis, and difficulty in the management of stomas and feces-
collection devices [1].

Later, Ernest M. Bricker importantly improved the technique, with the develop-
ment of an ileal conduit that separated the urinary and fecal stomas, thus avoiding
hyperchloraemic acidosis and reducing the risk of pyelonephritis and renal failure
[3]. This way, the procedure purpose changed from palliative to potentially curative,
in adequately selected patients [4].

The experience in this procedure, such as the advances in radiotherapy and
chemotherapy, allowed its adjustment to each particular case, making it possible
to preserve some pelvic organs that had no evidence of tumoral affection and, in
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some cases, to extend the surgery to include the pelvic wall. As a result, different
types of partial PE were developed (supraelevator, anterior, posterior), as well as
extensions towards the sacrum and coccyx in some cases, such as colorectal
tumors [5, 6].

From 1950 to 1965, the surgical mortality rate reduced from 13.4 to 1.8% with a
mortality rate of 7.8% in patients with CC after radiotherapy. Total mortality of the
series was 10%. A literature review of that times that included 932 patients reported
a surgical mortality rate of 17% and 5 year survival rates of 21% [7].

During the 1970s and the 1980s, with the purpose of solving morbidities, such as
abscess formation and fistulae in the empty pelvis (mainly associated to radiother-
apy and intestinal obstruction) the use of non-radiated tissue flaps was implemented
as major omentum, made of muscular-cutaneous flaps from the hips or the abdomi-
nal wall. These were transposed into the interior pelvis or perineum, thus reducing
the procedure morbidity [7, 8].

During the 1990s, the main PE advances were in the area of reconstruction, mainly
of the deep colorectal anastomoses, the formation of new continent urinary reser-
voirs, and the formation of neo-vaginas, with the use of muscular-cutaneous flaps [1].

11.3 PE Classification

The original classification divided the PE in three main groups: total, anterior, and
posterior (Fig. 11.1); it depended on the position and type of resected pelvic organs.
Thus, the anterior included the bladder, uretra, and genital tract; the posterior
included the genital tract, and rectum sigmoids; and the total included the genital
tract, bladder, uretra, and rectum sigmoids. Among the PE, there is another subtype:
the PE with lateral endopelvic extended resection (LEER) which refers to a total PE
that includes resection of the internal obturator muscle, pubococcygeus and iliococ-
cygeus muscles [1].

Urostomy Colostomy Colostomy

Low colonic
anastomosis

Fig. 11.1. Types of pelvic exenteration ((a) Anterior. (b) Posterior. (c) Total)
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Supralevator

Supralevator

Supralevator

Fig. 11.2. Types of pelvic exenteration. (/. Supralevator, /I: Infralevator, /I, with vulvectomy)

Notwithstanding, this classification was considered very restricted, since it is
based on the nature of the resected organs, without providing an estimated level of
resection, the preservation or scission of the elevator muscles of the anus, the size of
the resection of the urogenital diaphragm and of the vulvoperineal tissues, or the
removal of other pelvic or extrapelvic structures [9].

As a result, in the year 1990, a classification dividing the PE in three different
types was published: I (supraelevator), II (infralevator), and III (including vulvec-
tomy) in relation to the resected tissue extension and the anatomic changes in each
PE group (Fig. 11.2); likewise, the group “extended PE” was added, which refers to
the PE that include additional procedures (bone resection, small intestine, groin,
paraortic nodes, soft tissues) [6]. The anatomical differences between the types of

exenterative procedures are described by structures involved in the Table 11.1.

11.4 Indications and Contraindications in Pelvic Exenteration

EP is an ultra-radical procedure which shall must only be used as “the last chance”,
other options implying less morbidity must always be considered before choosing
this procedure, since it has the highest morbidity and mortality, while its reported



11 Surgical Treatment for Advanced or Recurrent Disease in Cervical Cancer 167

Table 11.1 Types of pelvic exenteration

e e e
* ABOVE THE LEVATOR * UNDER THE LEVATOR * UNDER THE LEVATOR
MUSCLE MUSCLE MUSCLE
* Levator muscles:  Levator muscles:  Levator muscles:
* NONE * LIMITED * COMPLETE
 Urogenital diaphragm: * Urogenital diaphragm: * Urogenital diaphragm:
* NONE * LIMITED * COMPLETE
* Vulvoperineal structures: * Vulvoperineal structures: * Vulvoperineal structures:

* NONE * LIMITED * COMPLETE

curation rates do not exceed 45% [10]. The most common indication (70%) for PE
is in recurrent or persistent CC, followed by advanced colorectal cancer (20%), and
10% in other gynecologic cancers [1].

Accordingly, indications for PE [11-13] are as follows:

— Recurrent or persistent CC, after central level radiotherapy (with previous
hysterectomy)
— Primary metastatic CC

The indications of this procedure as a palliative treatment are controversial due
to its per se high morbidity.
The following must be considered:

— Resectability of the tumor and ability to obtain negative margins
— Tumor localization
— Previous treatments, such as pelvic radiotherapy

The contraindications of this procedure are:

Absolute

— Pelvic wall involvement

Sacral plexum or sciatic nerve involvement

Large vessel affection

— Extrapelvic metastases (40-50% detected during the approach)
Poor functional study

Relative

— Obstructive unilateral or bilateral uropathy
— Advanced age

— Major systemic disease

— Psychologic distress

— Impossibility to take care of stomas

— Morbid obesity and malnutrition
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The clinical unresectability triad must be considered [8]:

— Unilateral obstructive uropathy
— Inferior ipsilateral member edema
— Edema and pain in the ipsilateral inferior member

Brunschiwg and Barber define certain unresectability criteria based upon clinical
and imaging studies [5]:

— Pelvic wall lesion

— Recurrence in previously radiated nodes
— Paraortic positive lymph nodes

— Evidence of intra-abdominal tumor

In 2006, Michael Hokel, made a systematic review of 21 previous studies on
gynecologic cancer, and found that 40-63% of the patients who undertook PE were
suspended because of unresectability. As for theoretical results, only 50 out of 200
recurrent patients will be candidate to a radical procedure with curative purposes [1].

11.5 Recurrent Cervical Cancer

The main PE indication in gynecological cancer in is recurrent CC, which is the
most common site of recurrence at the local level. At the level of the vaginal vault,
it represents 30—45% in patients who previously undertook radical hysterectomy, or
to pelvis, without lateral pelvic wall affection. In patients who received radiation
therapy, with uterus conversion, the recurrence sites are, ordered by frequency: 43%
parametria and pelvic wall, 27% cervix, uterus and superior third of the vagina, and
16% distant sites.

Candidates to surgical resection must be carefully selected, taking into consider-
ation that disease-free minimum acceptable time is 12 months, and the size of the
tumor less than 3 cm, to achieve 5 year success rates of 50-60% [13].

11.6 Palliative Pelvic Exenteration

Its use is still controversial. In the series of published cases, 2-year survival rate is
10.5-47%. The objective is not only to obtain margins, or increase its overall sur-
vival, but to improve patients’ quality of life. The use of neoadjuvant chemotherapy,
with the goal of reducing tumor size, but very few series of patients have been pub-
lished on this subject [14].

The main indications of palliative PE are:

— Intestinal or uretral obstruction
— Recto-vaginal or vesico-vaginal fistulae
— Post-radiotherapy cistitis or proctitis
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11.7 Diagnosis and Selection of the Patient

In the preoperative evaluation, the adequate selection of the patient consists of three
crucial principles:

— Medical evaluation
— Psychological apects
— Imaging studies

Medical Evaluation

Adequate medical condition for a long surgical procedure, with the changes that
can occur during the transoperative, as well as the right liquid management,
possibility to need blood transfusions, and nutritional help are vital consider-
ations to take in account; thus, the presence of chronic diseases must also be
considered.

Studies published by the MD. Anderson suggest that chronologic age and obe-
sity must not be considered as a contraindication to a curative surgical procedure,
since such factors do not affect the duration of the surgery, blood loss, hospital stay
or complcations [15, 16].

The objective of the medical evaluation (full history and a physical examination,
laboratory and imaging studies) is to find evidence of unresectable or metastatic
disease. The presence of one or two of the clinical previously mentioned unresect-
ability triad signs suggests pelvic lateral wall metastatic disease, which makes it
unresectable, as well as the presence of palpable lymph nodes.

Histologic confirmation is vital before decision making, since clinical findings
may be done, that can be considered as tumoral activity data, such as post-radiation
therapy fibrosis, cellulites, and endometriosis.

Clinical studies to be performed in addition to general examination, electrolytes
test, and uroanalysis, are a viral detection panel that includes hepatitis virus and
HPYV, as well as renal and hepatic function assessment.

Cytoscopy and rectosigmoidoscopy are exclusive for patients who will under-
take less radical resections (anterior or posterior exenteration).

Psychological Aspects

Nowadays, the role of psychologic support in a patient undertaking PE has been
underscored. Candidate patients must be capable of accepting important changes in
her body’s shape that occur despite the strongest surgeon’s efforts in anatomical
reconstruction. Moreover, the patient must have intact mentales faculties, and have
access to continuous medical and psychological assistance, stoma care. Furthermore,
she must be aware of alterations that will take place in her sexual function, possible
complications of the disease, and long hospital stays [17].

Moreover, the patient must also be familiar with the notion that the PE operative
mortality rate is of 3—5%. On the other hand, the surgeon must be aware of the psy-
chological syndromes that may arise in this kind of patients. Psychological support
is crucial, not only during the preoperative, but also in the immediate and long-term
postoperative.
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Reported psychiatric syndromes, according to a study by Danielle Turns in 2001
are [17]:

Postoperative syndromes Delirium, depression, and brief reactive psychosis.

Long-term syndromes Post-traumatic stress, somatoform disorders, and sexual
dysfunction.

Imaging Studies
Imaging studies have the purposes of evaluating local recurrence and distant
metastasis.

Abdominal and pelvic Computerized Axial Tomography (ACT) has the goal of
valuaing lesion resectability and extension.

Pelvic Magnetic Resonance Imaging (MRI) is the study of choice to determine
tumor size and anatomic extension to adjacent organs. This imaging technique has
an invasion-evaluation sensitivity of 88—-92% in the bladder, 81-96% to the rectum,
and 87-97% to the pelvic wall, and a specificity of 66.7-77.6% [18].

Positron Emission Tomography with FDG (PET-CT-FDG) has currently gained
a significative value in the detection of distant metastasis, with a sensitivity of
100%, and specificity of 73% [19].

Apart from conventional studies, medical evaluation and physical examination
under anesthesia, laparoscopic exploration has an additional value to identify the
disease, to determine its exact location and extension, and to exclude peritoneal
carcinoma.

11.8 Surgical Procedure

Generally, the surgical procedure can be divided in three steps: exploration, abla-
tion, and reconstruction [1].

Exploration Step

The exploration step is traditionally performed through an incision in the middle
line. If the presence of peritoneal carcinomatosis or liver metastasis is ruled out, the
retroperitoneum must be reviewed in a creanial-caudal direction, starting by a sys-
tematic dissection of the paraortic lymph nodes to rule out the presence of disease
at such level, since their involvement constitutes a contraindication to the proce-
dure: it is considered to decrease survival [20, 21].

Lateral resectability is also valuated during the exploration step: if the disease is
extended to the pelvic wall, the procedure must be aborpted [22]. Nonetheless,
Hockel described in 1994 the lateral extended endopelvic resection, which implies
the en bloc resection of muscular structures and lateral endopelvic fascia; this allows
for the resection of tumors fixed to the pelvic wall, giving enough free-margin (R0)
in up to 96% of the cases, with over 61% survival rates [23].

Laparoscopic exploration has also been used to substitute laparotomy: Kohler
showed, in 41 candidates of PE, a 95.2% sensitivity, 100% specificity, 95.2%
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negative predictive value, thus avoiding unnecessary laparatomies, diminishing
morbidity and decreasing patient recovery. However, the exploration provides lim-
ited access to evaluate the caudal portion of the parametrium, which is exclusively
accessible during the procedure [24].

But still, lateral resectability pre-surgical evaluation can be achieved by means of
exploration under anesthesia, or by imaging methods, such as MRI.

Ablative Step

In 2006, Hockel stated that the ablative step must be performed with two main
goals: enhance the control over the pelvic tumor, which increases survival; and
decrease treatment-associated morbidities as much as possible [1].

PE is the combination of three different monovisceral radical diseases
(abdomino-perineal resection, hysteron-colpectomy, and cystectomy). With the
use of conventional techniques, only central tumors are resectable with free mar-
gins. In spite of the exclusion of patients with pelvic wall extension, positive
margins are present in the pathological definitive report in 10-20% of the cases
[1]. It is widely recognized that accomplishing negative margins correlates with
survival. In an attempt to determine the correct margin amplitude to achieve local
control, Westin et al. confirmed the importance of the negative margin. However,
they were unable to define such amplitude; most studies, on the other hand, define
positive margins as those between >1 and 10 mm, and negative margins as those
> 10 mm [25, 26].

As previously mentioned, lateral extended endopelvic resection has allowed for
the resection of tumors fixed to the pelvic wall. This procedure is characterized by
the en bloc scission of the pelvic visceral compartment with some of the following
parietal structures: para-visceral fat, internal iliac vessels, internal obturator muscle,
pubococcygen, iliococcygen, or coccygen. Nonetheless, it is associated to an ele-
vated morbidity of up to 70%, most commonly implying wound dehiscence, and
anastomosis leak [27].

Complications resulting from the ablative step are reported in 51-82% of the
cases. The most common of them are bleeding, infection, and dehiscence (the most
frequent in up to 39% of the cases), urinary or intestinal fistulae formation, obstruc-
tion, pulmonary embolism, among others. Surgical re-intervention is reported in up
to 31% of the cases. The patients that most commonly present such complications
are those that have undergone radiation therapy (61% vs 33.5%) [28].

In 2014, Chinatera et al. described and classified by frequency the complications
presented by the patients: in the case of infectious complications (18.7%) the most
common are originated in the abdomen, followed by pulmonary infections. As for
the complications related to the surgical procedure on itself, the colorectal anasto-
mosis leakage is present in 20% of the cases, followed by wound dehiscence in 17%
of them [28].

Thanks to the careful selection of patients, improvement in surgical technique
and postsurgical care, and the use of antibiotics, the procedure-associated mortal-
ity has decreased by 37%, presenting rates of 2-3% in the first series of the last
decade [27].
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Currently, the use of laparoscopy combined with perineal or vaginal access, fol-
lowed by mini-laparotomy to reconstruct the pelvic functions has reported periop-
erative morbidity reductions, including a lower amount of blood loss, early roaming
and early hospital exit, less scars, and better cosmesis, without compromising pelvic
control or surival [29, 30].

Reconstruction Step

There are multiple techniques to re-establish the pelvic functions lost during the
exenteration. One of the main issues concerning the reconstruction are, the unpre-
dictable cicatrization capacity of the radiated tissues, and the determination of the
balance between increasing the complication risk versus the potential benefit of the
use of complex reconstruction techniques.

As for the rectal function, if the anal sphincter cannot be preserved, a terminal
colonostomy is required. In case of anal sphincter preservation with the use of
supraelevator exenteration, the intestinal continuity can be preserved in some occa-
sions, and may be restored with the use of colorectal or co-anal anastomosis, when
technically possible. Nevertheless, anastomosis failure is as high as 30-40% despite
good technical maneuvers, mainly due to radiation therapy-related side effects. The
use of stoma has not reduced the risk of fistula formation, but rather allows a more
benign course: in some studies a decrease in the number of interventions and a
higher rate of recoveries from fistulae have been reported. Thus, the use of colorec-
tal anastomosis is not recommended in radiated tissue [31, 32].

As for the vesico-uretral function restitution, one of the options is the use of an
orthotopic neo-bladder, supra-vesical urinary diversion, through a continent bag, or
an incontinent conduct. Among such options, the conducts present less technical
complexity but require the patient to permanently use a urinary bag, resulting in a
negative impact on her image and quality of life.

Diverse surgical techniques have been described and validated for the formation
of a urinary reservoir, with the use of a segment of ileum or colon. The poor meth-
odology of the studies comparing both techniques up to date make it difficult to
make any conclusions on the superiority of any specific technique in terms of com-
plications, functional results, or quality of life.

The ilial conduct was the standard method for years, in which a piece of the distal
ileum on which the ureters were anastomosed and later, a stoma was created towards
the abdominal wall was firt described by Bricker in 1950 [3]. In a 131 patient analy-
sis with ileum conduct, a complication rate of 66% was discovered, among which
the most common was stenosis, para-estomal hernia, and bladder infection (24 %,
24%, and 23%, respectively), reporting a renal function undermining of 27% [33].

There are multiple continent urinary derivation techniques described, like the
Kock, Miami, Florida, Camey II, among others. These have a valve mechanism and
thus, are useful when the uretra preservation is not possible [34].

One such technique was described in Miami University, and it uses the segment
12 cm—14 cm of the terminal ileum, ascendant colon, and proximal transverse colon.
With this technique, ureteral stenosis has been reported in up to 22% of the cases,
pyelonephritis in 16.9%, and gastrointestinal complications in 26% [35]. In one of
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the largest series published about the Miami-type reservoir experiences, 90 patients
were analyzed, 90% of which had radiation therapy records. The most common early
complication was urinary duct infection (40%), followed by anastomosis (14%).
Among the late complications, (>60 days) the most common was again urinary duct
infection, followed by uretral stenosis (42 and 11%, respectively). The conclusion
was that 80% of the complications can be solved in a conservative way, in addition
of being a simple technique, effective even in patients with radiation therapy records,
with which continence preservation can be achieved in 93% of the cases [36].

Pelvic and vulvovaginal structures reconstruction can be achieved using straight
abdominal muscle flaps, major gluteus, or gracilis, with which the dead pelvic space
is obliterated. As a result, small intestine hernias, and adherence or abscess forma-
tion are prevented. Additionally, the cicatrization process is improved thanks to the
presence of healthy, vascularized tissue inside the radiated area. Otherwise, omen-
toplasty can be performed, which on its own, improves the cicatrization process.
Among these, the vertical straight abdominal muscle is preferrable, since it has a
larger volume, and is more vascularized, with a big pedicle. Furthermore, it does not
interfere with the use of urinary or intestinal stomas, and can be obtained from the
laparatomy’s same vertical scission [8].

11.9 Prognostic Factors

In a retrospective study by Westin et al. it was shown that factors that impact the
most on disease-free, and overall survival are the margin size, lympho-vascular
invasion, peri-neural invasion, and the presence of positive lymph nodes [25].
Baiocchi et al. al reported a higher recurrence risk in patients with nodal affection
and peri-neural invasion; higher risk of death in patients with grade three tumors,
nodal affection, and the resection of more than three organs during the procedure.
The lapse between primary treatment and exenteration had a significative impact on
survival, if it was longer than 24 months; Moreover, it was also found that patients
with endometrial pathology have a better 5-year global survival, when compared to
cancer of the cervix (64.2% vs 23.1%) [12]. In 2007, Park discovered that tumor
size, taking 4 cm as a cut-off value, significatively influences on recurrence, without
having any significative impact on survival [37].

11.10 Global and Disease-free Survival

With the correct patient selection that takes in account the previously mentioned
unfavorable prognostic factors, PE use as a primary or secondary procedure has
been reported in 41-70% range, with 5-year survival rates of 20-73%. As a pallia-
tive treatment, 5-year global survival has been reported at 10-27% [8].
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As for disease-free survival and recurrence, it has been steady, at 48—-55% in

spite of the years, and application of new surgical techniques and patient selection
criteria [1].

Reference Year No. patients Survival (%)
Rutledge et al 1977 296 42

Averette et al 1984 92 58

Lawhead e al 1987 65 23

Cuevas et al 1988 252 44

Morley et al 1989 100 66

Soper y et al 1989 69 40

Goldberg et al 1998 154 24
Total/Mean 1028 43

11.11 Quality of Life

Most of the studies that evaluate quality of life in patients with PE are retrospective,
and report a decrease in quality of life, unless when it is used as a palliative proce-
dure, where patients’ quality of life actually improves. Recent prospective informa-
tion on the evaluation of physical and psychological welfare report that after an
initial decrease, there is a return to the basal state, in the 9—12 months. This suggests

an

adaptation process undertaken by the patient, to her new health state [38].
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Chapter 12
Radiotherapy in Cervical Cancer

Aida Mota-Garcia, Monika Blake-Cerda, Bonifacio Ramén-Ortega,
Roque Alberto Guadarrama-Fleites, and Guadalupe Elizabeth Trejo-Duran

Abstract Cervical Cancer is one of the most common types of cancer in the female
Mexican population, and unfortunately, in almost half of all cases, the patient pres-
ents with locally advanced clinical stage, therefore being familiar with all radio-
therapy techniques is crucial in order to give our patients the best possible outcome.
Stage by stage the possibilities with radiotherapy treatment are so many: from con-
formal radiotherapy to the most modern techniques such as stereotaxic radiotherapy
and IMRT are tools that we can use depending on the clinical scenario, and all those
type of treatments are described and discussed in this chapter. What is the most
important thing to remember is that every patient is a different case and we always
have to individualize treatment to get best results.

Keywords Cervical cancer * Radiotherapy ¢ Brachytherapy ¢ Adjuvant radiother-
apy ¢ Point A ¢ Intensity modulated radiotherapy

12.1 Early-Stage Cervical Cancer

Treatments for early-stage cervical cancer are mainly surgical because the control
rate is high and the expected toxicity in surgery is low. When surgery is compared
to radical radiotherapy, the data show that toxicity is lower after surgery than what
is expected following radiation therapy. The main advantage of surgery over radio-
therapy lies in the fact that it preserves the ovaries and sexual functions of young
patients, which improves patient quality of life and avoids early menopause. We
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Fig. 12.1 Point A location. A pre-defined point that was located 2 cm above and 2 cm lateral to
the external cervical orifice

cannot ignore the fact that morbidity is also lower and, finally, that the surgical pro-
cedure provides the surgeon with the possibility of obtaining a complete evaluation
of the pelvis to identify implants or suspicious lesions outside of the cervix.

Studies have compared the results of surgery vs. radical radiotherapy in early
stage cervical cancer. These studies have been mainly retrospective, and they have
provided results that are comparable for local control and overall survival (OS)
(80-90%) in a 5-year follow up [1].

However, this study showed that there were higher rates of toxicity in patients
who were treated with radiation therapy. In 1997, the first randomized clinical study
was published that compared radical radiotherapy to surgery. This study included
patients with cervical cancer in stages IB-IIA. The patients were randomized to
treatment with surgery or radiotherapy. In the surgical group, adjuvant radiotherapy
was indicated for patients with a clinical stage above IIA, positive margins, positive
lymph nodes or less than 3 mm of non-compromised cervical stromal tissue.
External radiotherapy consisted of administering 47 Gy to the pelvic area followed
by low-dose brachytherapy for a total dose of 76 Gy (point A). Point A was defined
as a point located 2 cm above and 2 cm lateral to an external cervical orifice. This
point represents where the ureter crosses the uterine artery (Fig. 12.1). There was no
significant difference in OS (83 vs. 83%), progression-free survival (PFS) (74 vs.
74%) or local recurrence. The only difference was in the morbidity associated with
the treatments: 28% of the patients in the surgical group received adjuvant radio-
therapy, suggesting that the treatment choice should be based on the clinical stage,
menopausal state, age, and, more importantly, cervical diameter to reduce compli-
cations secondary to treatment [2].

The treatment of choice for patients with early-stage cervical cancer is surgery,
especially when the possibility of needing adjuvant radiation is low. In the oppo-
site scenario, when adjuvant radiotherapy is thought to be required after surgery
(e.g., because of large tumors, the risk of leaving residual tumors after surgery, of
lymph node involvement) radical radiotherapy should instead be consider as a
first option.
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12.2 Adjuvant Radiotherapy for Cervical Cancer

As we discussed in a previous section, the treatment of choice for patients with
early-stage cervical cancer in early stages is surgery. However, approximately one-
third of the patients who going into surgery have one or more high risk factors for
recurrence in their pathology report. The GOG-49 study [3] showed that having a
tumor size larger than 4 cm, lympho-vascular invasion or invasion into more than
one-third of the cervical stroma and exhibiting positive pelvic lymph nodes, positive
surgical margins and parametrial involvement are predictive markers. In 1990, the
GOG classified patients into the following three risk subgroups: low, intermediate
and high-risk, with the latter having a 41% risk of recurrence.

To reduce this risk, postoperative radiotherapy treatments are recommended in
the following two clinical situations: first, when there is an intermediate risk of
recurrence, in which case, radiation therapy treatment alone is recommended (i.e.,
when lympho-vascular invasion is observed or the tumor size larger than 4 cm and
involves more than one-third of stromal invasion); and second, when there is a high
risk of recurrence, in which case, adjuvant treatment with chemo-radiotherapy is
suggested (i.e. in the presence of positive pelvic lymph nodes, positive margins and
positive parametrial invasion). In absence of macroscopic disease, a 45-50 Gy dose
applied to the pelvis is typically prescribed as an adjuvant treatment. After external
radiotherapy, the brachytherapy boost must be individualized. Once these factors
were determined, several randomized trials that used adjuvant radiation to reduce
local recurrence after surgery were performed.

In the first such trial, GOG-92 [4], the researchers analyzed results in patients
with an intermediate risk of recurrence who received postoperative radiotherapy.
The experimental group received 50.4 Gy of external radiotherapy to the pelvis. The
control group was observed only after surgery. The results favored the treatment
group, in which local recurrence was 14%, whereas it was 21% in the control group.
As expected, higher toxicity was observed in the group that received radiotherapy
(6% vs. 2.1%). An update after a 10 year follow-up confirmed that the patients who
underwent external radiotherapy had a higher PFS (HR 0.58; p:0.009). However, no
differences were found in OS [5].

The second randomized study, the GOG-109 study [6], included high risk
patients. These patients were defined by the presence of positive parametrial inva-
sion, positive margins or lymph node involvement. Patients were randomly assigned
to receive either pelvic external radiotherapy at a total dose of 49.3 Gy (with 45 Gy
to the para-aortic region whenever the iliac common nodes were positive) or chemo-
and radiotherapy. The chemotherapy scheme was cisplatin- and 5-fluorouracyl-
based. In this study, OS was higher in the group that received the combined treatment
(71% vs 81%) after a 4-year follow-up, and the combined group also had a higher
PFES (63% vs 80%). This information was confirmed in several trials after that pub-
lication [7].

The last randomized study to explore adjuvant therapy in cervical cancer was
published in 2012 by the NOGGO-AGO Intergroup. Their study evaluated the use



180 A. Mota-Garcia et al.

of neo-adjuvant therapy in patients with a high risk of recurrence. A total of 271 of
such CxCa patients were treated with either carboplatin and paclitaxel followed by
radiotherapy or with standard chemo-radiotherapy. The study found that there was
no significant difference in OS (86% vs 79%). They did demonstrate that the toxic-
ity profile was different in every scheme, with nausea, vomit and hematologic toxic-
ity displayed in the chemo-radiotherapy group and balding and neurotoxicity
displayed in the group in which carboplatin and paclitaxel were sequentially admin-
istered [8].

It is reasonable to consider the use of brachytherapy in margin-positive
patients [9]. In patients with broad residual disease, treatment with interstitial
brachytherapy is the right choice. Furthermore, brachytherapy can be considered in
cases where the parametrial tissue or the vagina has been compromised.

12.3 Irradiation Techniques

If a patient has early-stage cervical cancer (i.e. pre-invasive stages and up to 1A2)
and refuses or cannot be taken into surgery because of a comorbidity, treatment with
radiation therapy is feasible. However, in these cases, brachytherapy as a sole
modality is preferred because the risk of lymph node involvement is low. The instal-
lation of brachytherapy devices is performed in the operation room, often while the
patient is under sedation. The choice of device depends on the anatomy of the vagina
(i.e., its size, length and compliance) and especially the target volume that needs to
be covered.

There are several treatment schemes for brachytherapy. The choice should be
based upon whether the treatment is going involve low dose rate (LDR) or high dose
rate (HDR) brachytherapy. For LDR, the prescribed dose is approximately 65-75 Gy
to the vaginal vault, and with HDR, the dose is 35—45 Gy and is given in fractions
of 6-7 Gy. Using Manchester and GEC-ESTRO Systems, the treatment is adminis-
tered at a 5 mm depth from the vaginal mucosa.

For patients with stages IB to IIA, the treatment consists of pelvic external radio-
therapy and intracavitary brachytherapy with a prescription to point A. Two-
dimensional treatment (2D) is based on predefined bone limits, which are localized
using fluoroscopy. The tumor, uterus and pelvic lymph node tissue should be cov-
ered. The field’s arrangement more commonly uses an anterior, posterior and two
lateral (pelvic box) approaches. The superior border, which is determined based on
bone anatomy, is delimited by L4-L5. This is the level at which the bifurcation of
the aorta most commonly takes place. The lower border is marked by the inferior
limit of the Obturator Foramen. The lateral border of the posterior and anterior
fields is indicated by a line that is marked as an imaginary line 2 cm beyond the true
pelvic ring. For the lateral fields, the anterior border is 1 cm beyond the pubic sym-
physis, and the posterior border is along an imaginary vertical line that is traced at
the level of S2. The superior and lower borders of the lateral fields are the same as
the ones for the anterior and posterior fields.
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Three-dimensional radiotherapy treatment is based on anatomical limits accord-
ing to the lymph node region and the extension of the tumor, which are observed on
tomography. The region should cover the common, internal and external iliac lymph
nodes and the pre-sacral lymph nodes, and the dose should be localized in the
Obturator foramen. It also should cover the whole cervix, the uterus, the parametrial
tissue that lies on the way from the cervix to the pelvic wall, the uterus-sacral liga-
ments and the upper half of the vagina. The peri-rectal lymph nodes should be
covered if the pelvic lymph nodes are affected. Prophylactic radiation to the para-
aortic lymph nodes is not routinely indicated unless these nodes appear to be
affected. If that is the case, these nodes should be covered above the renal vessels,
at approximately the T12-L1 level [10].

Brachytherapy should be administered during or after treatment with external
radiotherapy. The protocol will depend on the preferences of the oncologic center,
the patient’s vaginal capacity, the grade of tumor regression and the concomitant use
of chemotherapy. If the patient was not previously treated with surgery, treatment
with brachytherapy should be performed using a uterine probe and ovoids (Tandem)
to cover the entire cervix. If the patient no longer has a uterus, the treatment should
be performed using a cylinder or ovoids, depending on anatomy and the volume that
needs to be treated.

According to the Manchester System, which is evaluated by the ICRU 38, the
dose should be administered to the A point. When using the GEC-ESTRO System,
the dose should be targeted to the affected region regardless of pre-determined
points of administration. This indicates that the residual tumor and the area present-
ing a high risk of recurrence should be covered. The final dose of radiotherapy to the
A point or PTV (according to the type of brachytherapy) will depend on the clinical
stage, which can vary from 65 to 75 Gy in stage IA1 and up to 85 Gy in stage IB and
A [11].

12.4 Locally Advanced Cervical Cancer

Cervical Cancer is one of the most common types of cancer in the female Mexican
population, and unfortunately, in almost half of all cases, the patient presents in a
locally advanced clinical stage [12]. The reason for this is probably related to a lack
of coverage by Pap-smear tests and, in many other cases, the fact that women tend
to seek medical attention long after the appearance of the first symptoms. This
results in the fact that surgical treatment can only be offered to a small percentage
of presenting patients. The reason for this is that beginning with clinical stage IB2,
treatment should preferably involve concomitant chemo-radiotherapy followed by
brachytherapy. This protocol has already been described in several works, which
have shown that there is an inverse relationship between size of the tumor and the
probability of controlling the cancer. That is, the larger the tumor size, the less
likely the treatment will be successful. This is because the effect of radiation
depends on the amount of oxygen in the tissue. A large tumor generally has extended
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areas of necrosis and decreased blood flow. This results in a compromised oxygen
supply, which means that less oxidation damage is applied to malignant tissues. At
the end of the 1990s, a series of publications changed the standard treatment for
locally advanced cervical cancer patients, making concomitant chemo-radiotherapy
the primary treatment option because it proved that it provided better results than
when radiotherapy was used as the sole modality [14—17]. The fundamental idea
behind the use of combined treatment is based on the synergistic effect between
both modalities: chemotherapy acts as a radio-sensitizing agent that increases the
tumor’s susceptibility to the effects of radiation. This complicity between both
treatments has several mechanisms of action, but it mainly inhibits the repair of sub-
lethal damage and synchronizes cells in a particular radio-sensitive phase [18].
Also, the combined use of these treatments makes the effects of radiation less
oxygen-dependent. The first concomitance studies were performed using hydroxy-
urea [14]. However, hematological toxicity was considerably high, and a random-
ized study was therefore carried out that compared the results of treatment with
pelvic radiotherapy (at a mean dose of 50 Gy in conventional fractioning, i.e. 2 Gy)
combined with the following three chemotherapy agents: cisplatin, fluorouracil and
hydroxyurea or with hydroxyurea alone [13]. In all, 526 patients with stages IIB-
IVA were included, and the results demonstrated that in both of the groups in which
Cisplatin was administered, there was an improvement in OS and PFS, whereas
more toxicity was observed in the group that received all three drugs than in the
group that received cisplatin as the only drug. This is the reason why the standard
treatment for locally advanced cervical cancer is currently radiotherapy plus cispla-
tin, with both treatments used concomitantly [13]. In a different study that was
aimed at patients with a voluminous IB clinical stage, two groups were compared:
patients that underwent hysterectomy after radiotherapy and those who were treated
with chemo-radiotherapy. In this study, OS and PFS were better in the patients who
were treated with the combined treatment (CT and RT) [16]. Finally, another study
supported the superiority of treatment results gained using pelvic radiotherapy
(50 Gy medium dose) combined with chemotherapy compared with pelvic and
para-aortic region radiotherapy treatment without chemotherapy [15]. These results
were confirmed in an updated publication on 2004 [19]. These studies are the basis
for what is currently considered the standard treatment for locally advanced Cervical
Cancer (Fig. 12.2).

Regarding the choice of treatment technique, several factors can be outlined. In
patients with disease confined to the pelvic region (e.g., the cervix, pre-sacral region
and high-risk lymph regions such as the iliac lymph nodes and obturator foramen),
the four field technique can be used (e.g., AP-PA and opposing laterals) until
45-50 Gy is administered in conventional fractionations (e.g., 1.8 to 2 Gy per frac-
tion), and in case of an enlarged lymph node (determined using imaging), these
could be treated with a booster dose of 60—70 Gy. To achieve this high dose, we can
use intensity-modulated radiotherapy (IMRT) because we need high dose gradients.
In the absence of the availability of this technique, 3D conformal RT with medial-line
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Fig. 12.2 Treatment volume in a patient with locally advanced cervical cancer. A contour has been
drawn around the uterus, the cervix, the proximal one-third of the vagina, and the lymph node
regions at risk (i.e., the iliac, presacrum and Obturator Foramen). In a head to tail orientation, the
field extends traditionally from the bifurcation of the aorta (common iliac chain) to the point at
which the tumor mass finishes with a 2 cm margin or down to Obturator Foramen. Lateral fields
covered the region from the pubic symphysis to an imaginary line that was drawn at the level of S2.
It is worth mentioning that these limits are the same that were used when planning with fluoros-
copy (2D). Tomography is currently widely used to define treatment volumes

structure blockade (e.g., of the rectum, vagina and intestine) can also be performed
[15]. It is worth mentioning that even though the availability of IMRT is increasing
around the world, its use is not considered standard for this type of tumor because
of the ongoing debate concerning factors that negatively affect local-regional con-
trol, such as how the target tissue is outlined, inter and intra-fraction movement, and
tumoral regression during treatment [20-22]. Another alternative treatment that is
increasingly accessible is stereotaxic radiotherapy (SBRT). This treatment consists
of delivering high doses of radiation to a small target over a few sessions (generally
no more than five). There are already reports of this technique being used on patients
who are not candidates for brachytherapy after external radiotherapy. One of the
largest series that has been performed reported highly motivating results in which
no 3 or 4 toxicities were reported and satisfactory local control rates were achieved
Fig. 12.3 [23].
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Fig. 12.3. Stereotactic
radiation therapy after
receiving conventional
pelvic radiotherapy [23]

Table 12.1 The three risk stratification groups into which patients with cervical cancer were
assigned

Low risk Intermediate risk High risk
Clinical stage IA and 1B1 patients Deep stromal invasion Positive lymph nodes
with additional risk factors Lymphovascular invasion | Positive margins
Tumor size >4 cm Parametrial invasion
No further treatment Adjuvant radiotherapy Adjuvant
chemo-radiotherapy

Each group underwent surgical treatment. It was recommended that patients in the lower risk
group did not need to receive any adjuvant treatment, whereas intermediate risk patients should
receive adjuvant radiotherapy (tele-therapy and brachytherapy), and high-risk patients must be
treated with adjuvant chemo- and radiotherapy (tele-therapy and brachytherapy)

12.5 Adjuvant Treatment in Locally Advanced Cervical
Cancer

Approximately 80% of the cervical cancer cases in clinical stage I are cured by
surgery and require no further treatment [24]. However, some well-known factors
increase the risk of recurrence, thereby negatively impacting OS in these patients.
The presence of positive lymph nodes is associated with a reduced 5-year survival
rate [25]. A tumor size higher than >4 cm, deep invasion into the cervical stromal
tissue and lympho-vascular invasion are all prognostic factors that increase the risk
of recurrence and therefore affect LC and OS [26-29]. To achieve a more straight
forward decision regarding whether a patient needs adjuvant therapy or not and
whether this adjuvant treatment will be radiotherapy alone or radiotherapy concur-
rent with chemotherapy. A stratification risk has been develop to help the oncologist
taking the decision. As shown in Table 12.1, low, intermediate and high risk of
recurrence has been established.
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In conclusion, approximately 20-25% of the patients that undergo surgery will
possess an unfavorable prognostic factor that will dictate their need for adjuvant
treatment. The adequate selection of such patients, both before and after surgery, is
extremely important so that we can always offer the best treatment options accord-
ing to the clinical and pathological characteristics of each patient. This allows us to
guarantee the best possible oncological.

12.6 Brachytherapy

Radiotherapy has been successfully used in cervical cancer for approximately a
century. Cervical tissues are particular sensitive to radiation. A combination consist-
ing of external radiotherapy and brachytherapy has been shown to be an effective
treatment option [30, 31]. Several studies have reported that brachytherapy as a
boost after tele-therapy decreases the risk of recurrence and increases the survival
rate. In selected cases, it may be used as the only component of a treatment scheme
during the early stages of cervical cancer, and it is characterized by a close disposi-
tion between the radiation source and the tumor or vaginal vault [2]. The ICRU 38
defines the brachytherapy dose rates as follows: low dose rate (LDR) 0.4-2 Gy/hr.,
medium dose rate 2—12 Gy/hr. and high dose rate over 12 Gy/hr [32].

Low dose rate brachytherapy

This scheme has a long history as a treatment for cervical cancer. Initially, Radium
226 was used, but it was then replaced by Cesium 137, a radioisotope with similar
physical characteristics, except that it has a lower half-life (30 years) than radium
226 (>1000 years) and results in health care providers being exposed to less radia-
tion. According to ICRU 38, the permitted dose rate range for low dose brachy-
therapy is from 0.4 to 2 Gy/hr [33].

Pulsed dose brachytherapy

This is the most recent modality, and it was first used in San Francisco in 1992. It
combines the physical advantages of a high dose rate and the radiobiological advan-
tages of a low dose rate. It delivered radiation pulses in pre-established time inter-
vals using Iridium 192 and the dose ranges described by the ICRU 28 are from 2 to
12 Gy/hr [34, 35].

High dose rate brachytherapy

This technique was first used on 1950, and the used of this treatment modality has
increased considerably during recent decades. Currently, iridium 192 is used, and
the ICRU 38 approves a dose from 12 Gy/hr. Among the advantages acquired with
this kind of treatment in comparison with the low dose rate is that it avoids exposing
the personnel in charge of patient care, allows dose optimization and higher repro-
ducibility and is an ambulatory treatment. Several studies and meta-analyses found
no difference in oncologic results or toxicity between the low dose and high dose
rates [35]. Hence, independent of the absolute dose, the equivalent biological dose
is the same for both modalities.



186 A. Mota-Garcia et al.

Applicators
Different applicator systems have been used to position the source of radiation
inside the uterus and the vagina. These have included ovoids, a ring and a probe, a
cylinder and a probe, and ovoids and a probe, but the most widely used ones are the
Fletcher-Suit-Delclos.

The position of the applicators is a critical determinant. Conditions required for
an adequate intracavitary insertion include:

1. The geometry of the insertion should avoid sub-dosification around the cervix.

2. The parametrial tissue most receive an adequate dose.

3. Doses to the vaginal mucosa, bladder and rectum should be monitored and main-
tained as the lowest possible level to decrease the risk of toxicity.

During the patient’s initial evaluation, a determination is made regarding which
applicators will be uses for the brachytherapy treatment, but the final evaluation will
take place once external radiotherapy has concluded, and the ideal applicators will
be selected based on the obtained response [34].

Planning of the treatment

Diverse methods have been used to determine the prescription points to be dosed
during the evolution of brachytherapy. However, because of the limited availability
of 3D images, most of the international instruction manuals continue to use orthog-
onal radiographies based on the definition of Point A and dose restrictions for the
bladder (absolute <75 Gy, relative <90%) and rectum (absolute of 70% Gy and rela-
tive <80%). This was the nomenclature that was approved by ICRU 38 [36].
Fig. 12.4 shows treatment performed in tandem in patients with a uterus.

Dose

The American Brachytherapy Society (ABS) recognizes that the dose of external
radiotherapy to the whole pelvis varies from one institution to another and that size
of the dose and the number of fractions of a high dose rate of brachytherapy will
depend on the doses given before in radiotherapy to the wholes pelvis. Some institu-
tions limit the dose of external pelvic radiotherapy in early-stage patients to 20 Gy
before performing the programmed brachytherapy. These institutions then complete
the dose to the whole pelvis in a second round while using central protection.
Nonetheless, most institutions prefer to first administer a 40-50 Gy dose of pelvic
external radiotherapy and then lower the brachytherapy dose [37].

The optimal high dose rate brachytherapy scheme remains undefined, and the
dose per fraction may vary by +/— 0.25 Gy. However, if goes higher than 7 Gy per
fraction, then special care should be taken with the organs that are at risk (especially
the rectum and bladder), given the long-term complications that exposure could
present. It is also recommend that the length of treatment should not exceed 8 weeks
to obtain the best results [34, 36]. The decision to use a higher dose in the external
radiotherapy than in the brachytherapy will depend on the initial volume of the
disease, the ability to separate the bladder and the rectum, the degree of tumor
regression observed during external radiotherapy and the preference of the institu-
tion [37]. The most widely used dose schemes, each of which is recommended by
the ABS, are listed below (Tables 12.2 and 12.3).
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Fig. 12.4 Planning of a high dose rate brachytherapy treatment using a probe and ovoids. Note the
position of the bladder (left of the blue dose curve) and rectal (right to the blue dose curve) probes.
These two structures assist in defining the dose to give to the bladder and the rectal wall while
determining dose tolerance limits

Table 12.2 Radiotherapy schemes recommended by the ABS to treat early-stage cervical cancer

External radiotherapy dose

Number of fractions

Dose per fraction

(Gy) (brachytherapy) (brachytherapy)
20 6 7.5

20 7 6.5

20 8 6

45 5 6

45 6 53

Table 12.3 Radiotherapy schemes recommended by the ABS to treat locally advanced cervical

cancer

External radiotherapy dose

Number of fractions

Dose per fraction

(Gy) (brachytherapy) (brachytherapy)
45 5 6.5

45 6 5.8

50.4 4 7

50.4 5 6

50.4 6 5.3

Another gynecological brachytherapy planning technique is one that is guided
by an image (3D). This is possible in both HDR and PDR. The localization of target
structures is carried out using tomography, simulation and sometimes magnetic
resonance imaging. The full GTV and CTV coverage is crucial and one of the most
important prognosis factors that is directly related with the final results. Instead of
choosing a prescription point, as in fluoroscopy panning methods, a prescription is
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made to treat the volume involved, and dose restrictions for organs are made in
association with the maximum prescribed dose (D2cc) [11].

The final dose of radiotherapy to point A or to the CTV (depending on the type
of brachytherapy) will depend on the clinical stage and can vary from 65 to 75 Gy
in stages IA1 and up to 85 Gy in locally advanced stages [11, 36].

12.7 Re-irradiation

It is estimated that approximately 35% of all patients with a cervical cancer diagno-
sis who are treated with radiotherapy will recur during the first 5 years after they
finish treatment. In young patients with good status performance and small central
recurrence, exenteration is the standard treatment. Complete resection (R0) signifi-
cantly impacts the outcome of treatment. R1 resection, especially in tumors that are
close to pelvic wall, can be treated with intra-operative radiotherapy [38]. However,
the majority of patients with local recurrences after radiotherapy have an advanced
age and severe comorbidities. For this reason, re-irradiation is often the preferred
option in these patients. In fact, there are time when this is the only curative option.
Whether external radiotherapy or brachytherapy is preferred generally depends on
the conformal dose distribution offered by each technique, with the optimal strategy
being the one with the possibility of delivering very high doses to the affected zone
and smaller doses to surrounding tissues. There is currently not enough information
available in the literature regarding the restriction of doses to at-risk organs 9, 10. In
a previously published small retrospective series, a dose that included a total of +/—
48 Gy in conventional fractionation was found to be safe. This study reported
disease-free survival and 5-year local control rates of 46 and 45%, respectively.
Severe complications were reduced by the implementation of 3D planning for
brachytherapy and IMRT. Nonetheless, there are adverse prognosis factors, such as
a short period before recurrence (< 6 months) and a tumor size larger than 3 cm. It is
very important to analyze the technique that was used previous to a recurrence (e.g.,
energy, volume, external radiotherapy dose and brachytherapy dose) and the time
that has elapsed between treatments to determine the feasibility of re-irradiation [39]

High dose rate brachytherapy, rate can be applied either in intracavitary or
interstitial form for re-irradiation but must be considered with extreme caution to
reduce the potential complications.

Conclusions

Intra-cavitary brachytherapy is a very important part of treatments for cervical can-
cer, whether it is used as a sole modality or in combination with external beam
radiotherapy. In multiple studies, a decrease in recurrence and an increase in sur-
vival have been reported when brachytherapy has been applied, given its capacity to
deliver very high, localized doses while reducing the amount of radiation delivered
to the surrounding tissues. This technique and dose fractionation schemes frequently
vary between different institutions [38].
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12.8 Toxicity and Complications Post-radiotherapy
in Cervical Cancer

In 1999, the National Cancer Institute (NCI) announced that the concurrent use of
chemotherapy and radiotherapy improved OS in locally advanced cervical cancer,
and this treatment method was subsequently considered the standard treatment
option. Pelvic radiotherapy plays a definitive roll in patients, but we cannot ignore
the toxicity that is often associated with it. Because complications normally arise
between 3-5 years after treatment, there is still much to investigate regarding long-
term morbidity in this patients [40]. As radiation oncologists, we must be aware that
even though our main concern and efforts are focused on controlling malignant
cells, we must understand that the complications associated with these treatments
can impact our patients’ quality of life in a negative way.

The definitions of acute and late toxicity vary in the literature. In some cases,
acute toxicity is defined as the presence of adverse effects that take place during
treatment and up to 42, 60 and 90 days after radiotherapy is complete. Late toxicity
refers to effects that present after 90 days or even years later. The incidence of late
sequelae in patients with early-stage cervical cancer who were treated with radio-
therapy is approximately 3.5%, whereas in patients with locally advanced disease,
the rate of complications is reported to be slightly higher (10-15%). The reason for
this difference is simple: the total dose to central structures tends to increase as the
clinical stage of the patient increases (e.g., 85-90 Gy are administered to the cervix
in clinical stage III and IV patients). We can conclude that the probability of com-
plications arising is directly related to the clinical stage, the volume of tissue being
treated, the patient’s anatomy and the total dose administered to individual tissues
[43].

Genitourinary toxicity

In cervical cancer, pelvic radiotherapy can result in complications in the lower uri-
nary tract. Acute toxicity (G1-2) is relatively common following external beam
radiotherapy (17-40%), depending on the report being described [41]. The risk of
developing adverse urinary effects (e.g., grade 3 or 4) is higher in the first 3 years
but has an actuarial risk of 0.25% per year for the next 25 years 44, and the annual
incidence increases between 18 and 28% after 3 and 5 years post-radiotherapy,
respectively [42].

It is estimated that 44% of these patients will develop adverse acute urinary
effects (<9 days post-radiotherapy), while only 7-9.5% will develop adverse late
effects44. However, the time required for these adverse effects to manifest can be
substantial. For instance, the presence of urethral stenosis and spontaneous bladder
rupture have been observed up to 30 years after radiotherapy is complete. From a
physio-pathological point of view, this technique results in damage to the basal
membranes of blood vessels, which can lead to occlusion, thrombosis, neo-
vascularization and an increase in the proliferation of fibroblasts [44]. These events
can subsequently lead to lesions in the urinary tract, with the bladder and the point
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at which the ureter inserts into bladder being the most susceptible to damage, given
their anatomical positions. Neo-vascularization is an important factor that contrib-
utes to radiation cystitis and the later development of hemorrhagic cystitis. The
most common urinary adverse effects (grade three or higher) are urethral stenosis,
vesicle-vaginal fistula, ureter-arterial fistula and hemorrhagic cystitis [43]. The risk
of severe toxicity after radiotherapy is significantly associated with higher radio-
therapy doses and the number of administered treatments [43, 44]. Urethral stenosis
has been reported in 5% of pre-operative radiotherapy patients and in 25% of
patients treated with definitive radiotherapy alone.

Gastrointestinal toxicity

Acute gastrointestinal toxicity can appear up to 90 days after radiotherapy treatment
and is characterized mainly by diarrhea, tenesmus, and pain or hemorrhoids with
rectal bleeding that can be controlled with symptomatic medication. Late toxicity
could appear during the first 2 years or more after radiotherapy and is characterized
mainly by proctitis, stenosis and rectal fistula.

Several risk factors can increase the chances of a patient experiencing toxicity
due to radiation. Prior abdominal or pelvic surgery can increase the risk of intestinal
obstruction or adherence formation in patients treated with radiation therapy (> 50
Gy). Additionally, patients with coexisting comorbidities, including previous pelvic
inflammatory disease, atherosclerosis, diabetes, vascular disease, collagen disease,
tobacco consumption history or intestinal inflammatory disease, might have an
increased risk of developing acute or long-term secondary effects following radia-
tion therapy [45].

Eifel et al. [43] reported increase in toxicity and a higher risk of chronic adverse
effects in patients with cervical cancer who were treated with radiotherapy. The risk
was higher during the first 3 years of treatment, with 7.7% of patients presenting
with G3 complications within 3 years. The incidence of rectal complications was
1% during the first 2 years and lowered to 0.68% from 2 to 25 years. The incidence
of fistula was approximately twice as high in patients who were subjected to extra-
fascial hysterectomy and adjuvant treatment. These patients presented with this
complication at rates of 5.3% and 2.3%, respectively, at 20 years post-radiation, and
5.2% and 2.9%, respectively, in patients who were previously subjected to laparot-
omy. The risk of intestinal obstruction is also increased in patients subjected to lapa-
rotomy (14.5% and 3.7%, respectively, after 10 years), and patients who weighted
<120 1b. (8.2% and 3.6%, respectively). The cumulative risk of complications was
higher in young patients because they had a stronger probability of survival and
were therefore exposed for a longer period of time.

Mitchel et al. [46] evaluated 398 patients with clinical stage I-III cervical cancer who
were treated with definitive radiotherapy. The patients were divided into two groups, as
follows: those who were 35-69 years old and those who were >70 years old. The fre-
quency and severity of acute and late adverse effects were equivalent in both groups.
Age was therefore not associated with higher rates of acute or chronic toxicity.

There is a direct correlation between the incidence of complications and the dose
administered. Pérez et al. [47] reported that with doses <75-80 Gy the risk of G2-3
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complications in the urinary tract and rectum is approximately 5%. However, this
percentage increased >10% when higher doses of radiation were applied. In the
small intestine, the incidence of morbidity was lower (2%) in patients treated with
less than 50 Gy than in those treated with >50-60 Gy (5%). It has been demon-
strated that patients who experienced treatment sequelae had slightly better survival
rates than patients without complications. This result was associated with better
tumor control when administering high doses of radiotherapy.

The effects of the total dose of radiotherapy on the bladder, rectum and point A
are also correlated with the severity of the complications. Eiffel et al. evaluated
1456 patients who were treated with external radiotherapy and LDR brachytherapy
consisting of a total dose of 70-90 Gy. The frequency of G2 morbidity in these
patients was 10—12%, and the frequency of G3 morbidity was 10%. The most
important adverse effects ere cystitis and proctitis (G2) (0.7-3%), vesicle-vaginal
fistula (G3) (0.6-2%), rectal-vaginal fistula (0.8-3%) and intestinal obstruction
(0.8-4%). In the bladder, doses <80 Gy were correlated with a <3% incidence of
morbidity, and this incidence increased to 5% with higher doses. In the rectal wall,
the incidence of morbidity was <4% when <75 Gy was applied. In the small intes-
tine, the incidence of morbidity was <1% when 50 Gy or less was administered, 2%
for 50-60 Gy and 5% for higher doses [48].

There are a variety of dosimetry parameters that are tightly correlated with the
incidence of morbidity in patients who were treated with definitive radiotherapy.
Hence, we should pay special care and attention to these related factors, which
will help us reduce morbidity to a minimum without compromising tumor
control.

The correlation between tobacco and late complications following radiotherapy
is of particularly interest. A significant difference has been observed in the inci-
dence of intestinal complications between smokers and non-smokers, and this dif-
ference was associated with the intensity of tobacco consumption. These data
provide evidence regarding a synergistic effect between tobacco use and the effects
of normal tissue radiation [13].

Sexual function after pelvic radiotherapy

The most common gynecological complications following radiotherapy are ovarian
insufficiency in pre-menopause patients and vaginal stenosis in patients that receive
vaginal radiation. Vaginal stenosis is defined as a tightening or reduction of the vagi-
nal canal that can interfere with a physical exam or sexual function. Its incidence
varies between 20 and 88%. In patients who are initially subjected to surgery and
then later receive vaginal HDR brachytherapy, the incidence is lower 2.5% [16]. It
is most common for this complication to occur during the first year post-radiotherapy,
but it has been observed at intervals ranging from 26 days up to 5.5 years. The risk
factors associated with vaginal stenosis include high doses of radiation, patients
who are >50 years old, insufficient use of the dilator, and concomitant chemo-
radiotherapy. Doses >80 Gy have been associated with a 10-15% increase in the
risk of G2 vaginal toxicity, including vaginal stenosis [49]. Radiation-induced
menopause generally occurs within 6 months after treatment.
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Hematologic toxicity

High doses of radiation can induce chronic myelo-suppressive effects and lower
tolerance to chemotherapy by damaging the bone marrow micro-environment. The
results of prospective studies have reported a 25% incidence of hematological toxic-
ity >G3 when using cisplatinum-based chemo-radiotherapy. Irradiating an extended
field that includes the covering over the para-aortic lymph nodes results in more
irradiation of total bone marrow and therefore a higher rate of hematological toxic-
ity. It is important to consider this complication and to monitor hematological toxic-
ity because it predisposes patients to infections, frequent hospitalizations, multiple
transfusions and delays in receiving chemotherapy [50, 51].

Brachytherapy toxicity

In a meta-analysis published by Cochrane in 2010, LDR and HDR intracavitary
brachytherapy were compared in locally advanced cervical cancer. All of the
included studies, which involved 1265 patients, provided detailed information
regarding the complications that presented. The tissues found to be at risk of late
complications were the bladder, sigmoid rectum and small intestine. The relative
risk for late complications was 1.33 in the bladder, 1.0 in the sigmoid rectum and
3.37 in the small intestine. These results indicate that except for a slight increase in
the complications that presented in the small intestine, there were no significant dif-
ference in complication in patients treated with a high dose [31].

Complications of concomitant radiotherapy/chemotherapy

Concerning the recent application of chemo-radiotherapy, it has been clearly dem-
onstrated that this combination results in higher rates of acute toxicity, particularly
hematologic and gastrointestinal complications, than radiotherapy alone.

Kiran et al. [52] carried out a review of acute and late toxicology following
chemo-radiotherapy in 1766 patients. They found that G1 and G2 hematologic tox-
icity effects occurred more often in the chemo-radiotherapy group. A significant
difference was observed in G3 and G4 hematological and gastrointestinal toxicity.
Late toxicity has been described in eight assays, seven of which reported a signifi-
cant difference. However, the survival benefit obtained from applying chemo-
radiotherapy makes up for the toxicity observed in these patients, and this makes
this strategy an acceptable option.

In spite of the fact that there is not sufficient data on late toxicity to support its
results, the data obtained from meta-analyses performed in the RTOG 900198
study [53, 54] suggests that there may not be any significant difference in the type
or severity of the late effects produced by chemo-radiotherapy or radiotherapy
alone. Only a small percentage of women (1-3%) presented with severe late toxic-
ity, and these complication primarily affected the rectum, bladder, intestines and
vagina.

New radiation techniques aim to improve toxicity

As new radiation techniques have been developed, it has now become possible to
minimize or substantially prevent G1 toxicity. The use of multiple fields avoids a
lack of homogeneity in drug dose delivery. Additionally, the physical displacement
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of the intestines can be optimized by using a “belly board” while the patient lies in
a prone position, and the procedure is now generally performed while the patient
has a full bladder. Improved moderate radiotherapy treatment (IMRT) may contrib-
ute even further to reducing the rate of G1 toxicity. Moderate radiotherapy treatment
is highly conformal and uses many angles to better adjust the treatment to the
tumor’s geometry and minimize the dose applied to the normal surrounding tissues.
The most recent technique, image-guided radiotherapy (IGRT), permits some
adjustments during treatment and enables the practitioner to reduce the dose deliv-
ered to normal tissues by a higher percentage [55].

Ghandi et al. [56] published the results of a randomized study that evaluated
toxicity and clinical results in 44 patients with locally advanced cervical cancer who
received 3D pelvic radiotherapy vs IMRT with a dose of 50.4 Gy, which was deliv-
ered in 28 fractions that were administered concomitant with 40 mg/m2 cisplatin
and followed by HDR intracavitary brachytherapy. IMRT was associated with a
lower rate of acute G1, >G2 (63.3% vs 31.8%) and >G3 (27.3% vs 4.5%) toxicity
in addition to a lower rate of late G1 toxicity (50 vs. 13.6%). In a dosimetric com-
parison between both groups, IMRT applied a significantly lower dose to the small
intestine and rectum.

New techniques that involve 3D imaging, either with TAC or with IMR, help us
to better delimit the form of the surrounding tissues in patients that receive a high
dose of brachytherapy, which allows us to achieve reductions in toxicity.
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Chapter 13
Systemic Treatment of Cervical Cancer
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Horacio N. Lopez-Basave, and Jaime G. de la Garza-Salazar

Abstract In this section, we review the systemic management of patients with cer-
vical cancer (CC) at different stages of disease: locally advanced, metastatic, or
recurrent. The roles of chemoradiotherapy, neoadjuvant chemotherapy, and palliative
chemotherapy, as well as of biological therapy, in this pathology are also discussed.
Since the end of the 1990s, different meta-analyses have supported the use of com-
bination chemoradiotherapy based on evidence of an increase in overall survival.
Certain studies have reported that neoadjuvant chemotherapy offers a benefit sim-
ilar to that obtained with chemoradiotherapy in patients with advanced tumors (larger
than 4 cm) or complications such as hydronephrosis but with fewer side effects; how-
ever, these inferiority data do not support a change in the standard treatment.
Angiogenesis inhibitors are an efficacious, promising therapy in CC. Recent
clinical studies in metastatic and/or recurrent cancer suggest that new signaling
pathways in CC can be explored to identify novel molecular targeted therapies in
order to obtain better outcomes for patients with this disease.
Some of the therapies for infrequent histologic types are also briefly reviewed.
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13.1 Introduction

For centuries, surgery has rarely been the only therapeutic option for cervical cancer
(CQO). For several decades beginning in 1903, radiotherapy alone was considered the
superior option for the management of CC. Margaret Claves started treating patients
with radiotherapy in 1903 in New York. In 1913, Abbe reported a case of patient
with disease-free 8 years after treatment. Radium was the first element utilized in
radiotherapy [1].

With the advent of chemotherapy, small exploratory studies were performed to
test the efficacy of chemotherapeutic agents. However, epidermoid cancer is one of
the least chemosensitive types of cancer, but the few CC-active agents (Table 13.1)
were tested in patients receiving palliative care due to recurrent disease in previ-
ously radiated areas; such tumors are surrounded by avascular and fibrous zones
that impede drug penetration.

Some clinical trials were performed in patients with locally advanced disease to
reduce tumor size and ease surgical management. Although these trials revealed an
18% response rate for cisplatin-based monotherapy and a 29% response rate for com-
bination schemes, the responses only lasted for 4 months in the best scenarios, and the
impact on patient survival did not seem relevant; furthermore, there were no signifi-
cant differences in postoperative complications. Because there was no real improve-
ment compared to radiotherapy alone, these treatment regimens were not pursued.

In the 1990s, the use of chemotherapy-associated radiotherapy was expanded.
Prospective randomized clinical trials provided solid evidence for the benefits of
adding concurrent cisplatin to radiotherapy. Finally, in 1999, based on some of these
studies, the National Cancer Institute of the United States of America published a
statement on the benefits of concurrent chemoradiotherapy (QT/RT) compared to
radiotherapy alone [2—6], thereby permanently changing the way CC was treated.

Systemic treatment, integrating radiotherapy and concurrent chemotherapy, is
administered to all patients with locally advanced (stages IB2 to IVA) CC.

13.2 Standard Treatment: Chemoradiotherapy

Because of the previously mentioned series of studies published in the 1990s show-
ing the absolute benefit of combination QT/RT, we no longer consider radiotherapy-
or chemotherapy-free management of CC: combining these strategies is the new
standard [7]. Previous clinical trials evaluated platinum vs non-platinum schemes,
as well as the application periodicity (weekly vs more than once per week) and the
dose intensity (<25 vs >25 mg/m?/week cisplatin). These studies aimed to evaluate
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Table 13.1 Active agents in Drug Patients Response (%)

C.ervical cancer. Epidermoid Alkylating agents

lineage, single agent .
Cyclophosphamide 251 15
Chlorambucil 44 25
Dibromodulcitol 102 23
Galactitol 36 19
Ifosfamide 157 22
Melphalan 20 20
Heavy metal complexes
Carboplatin 175 15
Cisplatin 815 23
Antibiotics
Doxorubicin 266 17
Porfiromycin 78 22
Antimetabolites
Baker’s antifol 32 16
5-fluoracil 142 20
Methotrexate 96 18
Plat alkaloids
Vincristine 55 18
Vindesine 21 24
Other agents
CPT-11 55 24
Hexamethylmelamine 64 19
Paclitaxel 52 17
Topotecan 45 22
Gemcitabine 18 8

overall survival, the recurrence-free interval, and toxicity. The >25 mg/m*/week
cisplatin dosage was found to be the best radiosensitizer because it reduced the risk
of death by 20%.

The best radiotherapy scheme was also ascertained by comparing >45 Gy with
brachytherapy, >45 Gy without brachytherapy, and <45 Gy with brachytherapy. The
optimal duration of radiotherapy (<8 weeks vs >8 weeks) was also assessed. The
best results were obtained with a dose greater than 45 Gy for fewer than 8 weeks;
hence, the established radiotherapy dose is 50.4 Gy in 28 sessions, with a 4 field
“box” technique and an isocentric technique. Brachytherapy has two modalities:
low dose (with cesium 137; 35 Gy dose) and high dose (with iridium 192) at four
applications of 6 Gy twice a week.

In total, 4818 patients participated in the trials showing that simultaneous chemo-
radiotherapy provided a clear benefit in overall survival and the recurrence-free
interval with tolerable toxicity. Specifically, there was a 6% increase in overall sur-
vival and an 8% increase in 5-year recurrence-free survival [8].
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The conclusions of these studies are as follows:

1. The standard treatment for locally advanced CC is 40 mg/m? cisplatin starting on
day 1 and given every 7 days and radiotherapy at a maximum dose of 50 Gy in
combination with brachytherapy (8500-9000 cGy).

2. Combination treatment increases overall survival and the recurrence-free inter-
val. The risk of recurrence in patients with early-stage disease is 16-30%, with
the risk increasing to 70% in patients with advanced disease, for an overall risk
of recurrence of 50% [9].

3. Toxicity is manageable, and cases of grade 3—4 toxicity are infrequent.

Given the complexity of this pathology, there were various questions regarding the
therapeutic options and some controversies concerning the entire treatment regimen; the
primary question was whether additional therapeutic agents could achieve greater radio-
sensitization to produce a higher response rate. The use of doublets has been explored in
concurrent chemoradiotherapy, and such doublets have yielded higher complete patho-
logical response rates (77.5% vs 55%), albeit with higher rates of toxicity [10].

Are there alternatives to brachytherapy? Certain studies have compared brachy-
therapy to hysterectomy after chemoradiotherapy, and the results are similar in terms
of overall survival and recurrence-free survival. In 2013, a clinical trial was published
in which brachytherapy was compared to hysterectomy after chemoradiotherapy. In
this study, 211 patients with stage IB2-IIB disease who were treated with cisplatin/
gemcitabine concurrent with external radiotherapy were randomized to receive brachy-
therapy or hysterectomy. Although the study failed to demonstrate that hysterectomy is
superior to brachytherapy, proper interpretation of the data indicates that hysterectomy
is an alternative in health centers where brachytherapy systems are unavailable [11].

13.3 Neoadjuvant or Adjuvant Therapy

In spite of the impact of recently implemented therapeutics on overall and
recurrence-free survival, considerable challenges remain because we are far from
curing all patients. Thus, questions arise as to whether neoadjuvant chemotherapy
before definitive chemoradiotherapy has utility and whether adjuvant chemotherapy
after definitive chemoradiotherapy offers an increase in overall survival or
progression-free survival.

A series of studies attempted to answer these questions and demonstrated the
benefit of adjuvant chemotherapy after chemoradiotherapy: they reported an increase
of up to 19% in overall survival, although there was an increase in toxicity.

Given the response rates to combination chemotherapy schemes, it was assumed
that these new studies would show more responses that would impact recurrence-
free survival and overall survival.

Five of the seven studies failed to demonstrate a benefit of neoadjuvant therapy,
and only two studies reported a significant benefit in survival compared to radio-
therapy alone [9].

In a review of 323 patients with locally advanced disease who participated in con-
trolled clinical trials of carboplatin plus paclitaxel-based neoadjuvant chemotherapy,
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the response to neoadjuvant chemotherapy was approximately 67.8-70%, without
a significant impact on survival compared to the concurrent chemoradiotherapy
strategy [12].

As previously mentioned, small phase II studies have shown that adjuvant che-
motherapy after chemoradiotherapy has a modest impact on progression-free sur-
vival but is associated with increased toxicity.

13.4 Chemotherapy in Recurrent or Persistent Disease

Most cases of recurrent disease occur in the first 2 years after diagnosis, and 50-60%
of recurrences are located outside the pelvis; in these situations, palliative chemo-
therapy plays a fundamental role. Distant CC metastases are diagnosed in 8—17% of
cases. Historically, women with recurrent or persistent metastatic CC have had few
therapeutic options.

Recurrent disease is defined as local or distant tumor growth after a complete
response; if the disease is detected within the first 6 months of treatment or a
response, it is defined as persistent disease. The percentages of recurrent disease are
as follows for each clinical stage: IB: 10%; ITA: 17%; IIB: 23%; I11: 42%; and IVA:
74%. The median survival is 24 weeks for patients with nodal recurrence and
12 weeks for those with visceral disease.

Treatment options depend on the affected anatomical site and previous treat-
ment. Four different disease patterns can be distinguished: central lesion, pelvic
wall recurrence up to the pelvic bones, loco-regional nodal recurrence, and distant
metastasis, primarily to the supraclavicular lymph nodes (21%), bone (16%), liver
(8%), and lungs (7%). In all cases, a confirmation biopsy is recommended, espe-
cially if the lesions are small or isolated [13—15].

In patients who have not previously received radiotherapy or in whom the recur-
rence is outside the radiated field, the recommended treatments are radiotherapy,
cisplatin-based chemotherapy, and, in some cases, brachytherapy [15].

In patients with a central recurrence, pelvic exenteration must be considered
after radiotherapy; in properly selected cases, this treatment is associated with a
5-year survival rate of up to 50% [16]. Pre-exenteration chemotherapy has been
employed in an attempt to improve tumor resectability or prognosis in women who
are not initially candidates for exenteration. A study reported the outcomes of 17
patients treated with platinum-based chemotherapy: the clinical response rate was
53%, and 50% of the patients achieved a complete pathological response. Another
retrospective study reported the outcomes of 61 patients: 30 were treated with sur-
gery alone, and 31 received chemotherapy prior to surgery; no differences were
observed in terms of survival or complications. This is not the standard option, and
it must be considered in the context of clinical trials. However, clinical reports
describe experience with a limited number of patients; hence, their conclusions
must not be considered universal. For patients with a non-central, local recurrence,
the preferred treatment options include resection with intraoperative radiotherapy
and chemotherapy or medical support, depending on tumor location and patient
condition [16, 17].
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13.5 Chemotherapy in Metastatic Disease

In women with metastatic disease, chemotherapy has been shown to improve
progression-free survival and quality of life; it can even improve overall survival
when combined with targeted therapy.

The patient’s condition must be clearly established before treatment planning,
and the objectives of highest chance of survival and best quality of life must always
be considered. The clinicians must become acquainted with the patient and consider
her environment, resources, and treatment background. There are more treatment
possibilities for a patient with de novo metastatic disease than for a previously
treated patient with recurrent metastatic disease because poorer response and higher
toxicity rates are observed in the latter group.

Various chemotherapeutic agents have demonstrated activity as single drugs or
in combination. In the last 30 years, cisplatin has been the most utilized chemo-
therapeutic, with associated response rates of 18—-38%. The response rate to cispla-
tin is lower in the recurrent disease setting; thus, other drugs have been tested,
including carboplatin, capecitabine, docetaxel, 5-fluorouracil, gemcitabine, ifos-
famide, irinotecan, oxaliplatin, mitomycin C, paclitaxel, liposomal doxorubicin,
pemetrexed, topotecan, and vinorelbine [18].

Given the poor responses obtained with single-agent cisplatin, diverse strategies
and combinations have been tested. The first strategy consisted of increasing the
cisplatin dose; a phase III trial by the Gynecologic Oncology Group (GOG;
Randomized Trial of Three Cisplatin Dose Schedules in Squamous-Cell Carcinoma
of the Cervix) established 50 mg/m? every 3 weeks as the standard treatment regi-
men because higher doses were associated with increased toxicity without improved
overall survival [19].

Two randomized GOG studies supported important changes in treatment strate-
gies. The patients in GOG 169 and GOG 264 were randomized to receive 50 mg/m?
cisplatin or 50 mg/m? cisplatin + 135 mg/m? paclitaxel. A clinical response was
observed in 19% and 36% of the cases, respectively (p = 0.002). The median
progression-free survival was 2.8 vs 4.8 months, respectively (p < 0.001). There
were no significant differences in overall survival (8.8 months vs 9.4 months) or
quality of life [20]. In GOG 179, patients were randomized to receive 50 mg/m?
cisplatin every 3 weeks; 50 mg/m? cisplatin + 0.75 mg topotecan on days 1-3 every
3 weeks; or 30 mg/m? methotrexate on days 1, 15 and 22, 3 mg/m? vinblastine on
days 2, 15 and 22, 30 mg/m? doxorubicin on day 2 and 70 mg/m? cisplatin on day 2
every 4 weeks (M-VAC). The outcome objectives were survival, response rate, and
progression-free survival, and quality of life was also assessed. The M-VAC arm
was prematurely closed because of patient deaths. Patients who received cisplatin +
topotecan had a significantly better outcome than those who received cisplatin
alone: overall survival: 9.4 vs 6.5 months (p = 0.017); median overall survival: 4.6
vs 2.9 months (p = 0.14) and response rates: 27% and 13%. The FDA approved the
cisplatin + topotecan scheme as a treatment option for patients with advanced can-
cer in 2006 [21]. Later, GOG 204 [22] was designed to evaluate the most efficient
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Table 13.2 Noninferiority trial of carboplatin plus paclitaxel

Arm N Events  Median (m) [95% CI] 1-yr. OS 2-yr. OS 3-yr. OS
TP 123 106 18.3 m [16.1-22.9] 72.4% 38.8% 18.3%
TC 121 98 17.5 m [14.2-20.3] 67.6% 31.5% 21.3%

Proportion

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6

0.0 . . . .

Years after randomization

Fig. 13.1 Progress in survival in advanced and recurrent cervical cancer

doublet. Three cisplatin-based schemes were compared (combinations with vinorel-
bine, gemcitabine or topotecan) to the standard treatment of 50 mg/m? cisplatin +
135 mg/m? paclitaxel. In total, 513 patients were included in this study; no scheme
was superior to cisplatin + paclitaxel in terms of overall survival. There was a posi-
tive trend in response rate, progression-free survival and overall survival for cispla-
tin and paclitaxel (Table 13.2) [22]. However, the median survival remained at
12 months. Based on these studies, clinicians began to add targeted therapies to
chemotherapy, which will be discussed in another section.

A Japanese group performed the next study (JCOG0505) comparing 135 mg/m?
paclitaxel + 5 AUC carboplatin to 135 mg/m? paclitaxel + 50 mg/m? cisplatin.

Two hundred fifty-three patients were included in this study. The median over-
all survival was 18.3 months for paclitaxel + cisplatin and 17.5 months for carbo-
platin + paclitaxel. Therefore, the carboplatin/paclitaxel combination was not
inferior to the cisplatin/paclitaxel combination in terms of overall survival and
clinical benefit, and thus, it constitutes a viable alternative considering its toxicity
profile (Fig. 13.1) [23].

Palliative treatment in second- and third-line regimens is based on phase II stud-
ies and case series; before administering palliative treatment, a clinician should
evaluate the functional physical state, proper organ function, disease sites, and pre-
vious chemotherapeutic schemes, while also considering the patient’s desires.



206 F. Morales-Védsquez et al.
13.6 Targeted Therapy in Cervical Cancer

Patients with CC who are not candidates for surgery/radiotherapy and those with
advanced stage, metastatic, recurrent and persistent disease have a very poor prog-
nosis with a limited median survival of between 10 and 12.9 months [21, 22] upon
treatment with current chemotherapeutic agents, underscoring the need to design
and develop novel drugs.

Since the introduction of molecular targeted therapy in the realm of cancer thera-
peutics, there have been great expectations. However, with the exception of a few
select cases of spectacular results in a small proportion of solid tumors, the results
have been underwhelming, most likely because of the “gene addiction phenomenon”.
Unfortunately, this phenomenon appears to be the rule rather than the exception [24].

The novel biological agents that modulate different signal transduction pathways
include those that target the epidermal growth factor receptor (EGFR) and those that
inhibit angiogenesis, cell cycle progression, metalloproteases, cyclooxygenase-2
(COX-2), mTOR, the proteasome, and epigenetic mechanisms. In the present chap-
ter, we will discuss the most commonly used biological agents [25].

13.6.1 Targeting the Epidermal Growth Factor Receptor

The 170-kDa glycoprotein EGFR, also known as HER-1, is one of the four mem-
bers of the HER receptor family; these receptors are activated by ligand binding
(e.g., EGF) and subsequent homo- or hetero-dimerization, which enables self-
phosphorylation of the receptor and subsequent recruitment of specific intracellular
proteins. This receptor protein scaffold transduces the signal downstream through
the Ras/Raf/Mek or the phosphatidylinositol 4,5-biphosphate 3-kinase (PI3K) sig-
naling pathway, while phospholipase C-gamma (PLCy) and signal transducer and
activator of transcription (STAT), as well as other transcription factors, bind directly
to the receptor. PI3K can also directly bind to any of the erbB (HER-2, HER-3 and
HER-4) or EGFR heterodimers. Receptor endocytosis occurs via three different
routes: recycling, lysosomal degradation, or nuclear translocation. Once inside the
nucleus, EGFR can act as a transcription factor or a co-regulator to transactivate the
expression of genes associated with cellular proliferation, apoptosis evasion, and
metastasis [25]. Interestingly, at least three of the early HPV oncogenic proteins
(ES, E6, and E7) lead to the upregulation of EGFR in CC through transcriptional
and post-transcriptional mechanisms [25].

In CC, EGFR positivity ranges between 6% and 90%, depending on methodol-
ogy [26, 27]. EGFR overexpression has been associated with poor prognosis in
some studies, but these data were not reproducible by other authors [26]. Currently,
there are two pharmacological types of EGFR inhibitors: tyrosine kinase (TK)
inhibitors and anti-EGFR monoclonal antibodies. Goncalves et al. reported the effi-
cacy and tolerability of 500 mg/day gefitinib in the second- or third-line treatment
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of patients with CC with loco-regional recurrent metastatic disease in a multicenter
study. Twenty percent of the patients had stable disease, with a median duration of
111.5 days; the median time to progression was 37 days, and the median overall
survival was 107 days. A potential correlation between EGFR expression and anti-
tumor activity was not established [26].

Erlotinib is another EGFR small molecule inhibitor. In a study of 28 patients
with squamous cell CC, erlotinib was administered at 150 mg/day until disease pro-
gression or any adverse event. No objective responses were observed, although 16%
of the women achieved stable disease, and only one patient experienced progression-
free survival for 6 months or longer (4%). Erlotinib was well tolerated, and the most
commonly reported adverse events were gastrointestinal toxicity, fatigue, and pruri-
tus [27].

Erlotinib was also evaluated in a phase I study as a radiosensitizer in combina-
tion with cisplatin in locally advanced CC: erlotinib (50/100/150 mg) combined
with cisplatin (40 mg/m?, weekly, 5 cycles) and conventional radiotherapy. Fifteen
patients were included in this study, and overall, the combination was well tolerated.
The authors concluded that the maximum tolerated dose of erlotinib is 150 mg. In a
subsequent phase II trial of the same treatment scheme, the authors reported com-
plete responses in 23 patients (91.3%) with locally advanced CC (IIB-IIIB). The
treatment was again well tolerated, with grade 3 toxicities of diarrhea and pruritus
in 12% [3] and 20% [5] of the patients, respectively. The complete response rate was
within the range obtained with chemoradiotherapy, with a median follow-up of 9
(3-25) months. None of the patients progressed during the study, but the follow-up
period was short.

Lapatinib, a dual TK inhibitor that targets both HER-1 and HER-2, has also been
used in CC therapy. Another double-blind, randomized trial compared lapatinib and
pazopanib (a multikinase inhibitor of angiogenesis) alone or in combination.
However, the combination group was cancelled for toxicity reasons. The response
rates for lapatinib and pazopanib were 5% and 9%, respectively, with a median
overall survival of 39.1 vs 50.7 weeks, thus demonstrating the superiority of antian-
giogenic agents [28].

Monoclonal antibodies against EGFR are also being investigated for use in
CC. One of the best studied drugs in this group is cetuximab, which was evaluated
by the GOG as a single agent at conventional doses in a phase II trial in recurrent or
persistent CC.

As a single agent, cetuximab was well tolerated, and five patients (14.3%)
achieved stable disease; however, no objective responses were obtained in 36 evalu-
able patients. In a phase II multicenter study, cisplatin-based chemotherapy + con-
ventional topotecan was assessed; cetuximab was added at an initial 400 mg/m?
dose, followed by subsequent 250 mg/m? weekly doses, for patients with advanced
disease or prior treatment. This study was stopped due to excessive toxicity, mainly
myelosuppression. Although no complete clinical responses were reported, six par-
tial responses were observed (32%), as well as six cases of stable disease (32%).
The role of cetuximab in combination with chemotherapy requires further
exploration.
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Nimotuzumab was assessed in a phase II study (nimotuzumab + gemcitabine vs
nimotuzumab alone) in patients with recurrent or persistent CC who had received 2
or 3 prior lines of chemotherapy. Nimotuzumab was effective in maintaining stable
disease with little toxicity [29]. A randomized, double-blind phase III study is
underway to evaluate the efficacy of nimotuzumab in combination with cisplatin
and vinorelbine at conventional doses (NCT02083211). The results of this study are
eagerly anticipated.

13.6.2 Anti-angiogenic Therapy in Cervical Cancer

Angiogenesis plays a critical role in tumor growth and survival in various types of
cancer and is thus considered an attractive therapeutic target. Vascular endothelial
growth factor (VEGF) plays an important role in regulating angiogenesis, tumor
growth, and metastasis [30].

VEGEF production is upregulated in CC by many mechanisms. There is evidence
that HPV (human papilloma virus) directly stimulates VEGF production. Over-
expression of the oncogenic protein E6 is associated with VEGF production, and E6
apparently promotes VEGF production in a p53-independent manner. Furthermore,
HPYV 16 E6 and E7 have been shown to decrease the expression of anti-angiogenic
factors, such as thrombospondin-1 and mas-pin [30]. Pre-clinical studies of the
monoclonal antibody bevacizumab, which is currently used to treat colon, lung,
breast, and renal cell cancer, have been reported in CC. In a retrospective study, six
women with metastatic disease who received 5-fluorouracil and then bevacizumab
had a 67% clinical benefit with a median time to progression of 4.3 months [31].

In a phase II study by the GOG that evaluated bevacizumab efficacy and tolera-
bility, 15 mg/kg bevacizumab was administered intravenously every 3 weeks until
disease progression or intolerance due to toxicity. This study reported five partial
responses (10.9%) and 11 cases of stable disease (23.9%) in the cohort of 46
patients, for an average progression-free survival and overall survival of 3.4 and
7.9 months, respectively. The treatment was well tolerated [31]. These GOG results
prompted a phase III trial in advanced CC with three experimental groups and a
standard treatment group: group 1, cisplatin + paclitaxel; group 2, cisplatin + pacli-
taxel followed by bevacizumab; group 3, paclitaxel + topotecan (without cisplatin);
and group 4, paclitaxel + topotecan followed by bevacizumab. This study, GOG
240, showed increases in overall survival (17 vs 13.3 months) and progression-free
survival (8.2 vs 5.3 months) favoring the chemotherapy and bevacizumab group
(see Fig. 13.1). There was a tolerable increase in toxicity in this group [32].

Bevacizumab has also been studied as a radiosensitizer. The Radiotherapeutic
Oncology Group (RTOG) completed a phase II study in which bevacizumab was
followed by radiotherapy and cisplatin in patients with locally advanced CC (stages
IIB and ITIB). This treatment scheme achieved an overall survival rate of 81.3% and
a disease-free survival (DFS) rate of 67.8% in a 3-year period with tolerable toxic-
ity; thrombotic events and fistulae were not mentioned [33].



13 Systemic Treatment of Cervical Cancer 209

Pazopanib is a second generation TK inhibitor that targets VEGFR-1, VEGFR-2,
VEGFR-3, PDGFR-alpha, PDGFR-beta, and c-kit. In pre-clinical studies, pazo-
panib showed excellent anti-angiogenic and anti-tumor activity [34]. Pazopanib and
lapatinib (a HER-1 and HER-2 TK inhibitor), alone and in combination, were evalu-
ated in 230 patients with recurrent CC as first- or second-line chemotherapy. The
combination group was stopped, and the final analysis exclusively compared pazo-
panib to lapatinib. Pazopanib was well tolerated and showed improvements in the
main study objectives, DFS (HR, 0.66; 90% CI, 0.48-0.91; p = 0.013) and overall
survival (HR, 0.67; 90% CI, 0.46-0.99; p = 0.045). The response rate was 9% for
pazopanib and 5% for lapatinib [35]. Although this study did not have the power to
detect a difference in overall survival, an independent publication reported a median
patient survival of 44.1 weeks for lapatinib and 49.7 weeks for pazopanib (HR,
0.96; 90% CI, 0.71-1.30; p = 0.407).

13.6.3 Epigenetic Therapy

Targeting epigenetics is a promising approach for cancer therapeutics that predomi-
nantly relies on the use of DNA methyltransferase (DNMT) and histone deacetylase
(HDAC) inhibitors as single agents or in combination. Currently, two different
HDAC inhibitors, vorinostat and depsipeptide, have been approved for use in cuta-
neous and T cell lymphoma, and two DNMT inhibitors, decitabine and azacitidine,
have been approved for use in myelodysplastic syndromes. The presence of epigen-
etic alterations in CC has been established. We currently know that the HPV E6 and
E7 proteins interact with DNMTs and HDACs. In addition to cellular transforma-
tion, this could impact the inactivation of certain tumor suppressor genes. Pilot stud-
ies on DNMT inhibitors alone or in combination with cisplatin in advanced CC
showed modest antineoplastic activity. However, myelosuppression was a limiting
factor [33, 34]. Moreover, we currently have limited information on HDAC inhibi-
tors in CC; there is a report of sustained stable disease in a patient treated in a
phase I trial of the HDAC inhibitor MS-275 and a prolonged response in a patient
with refractory CC who was treated with an HDAC inhibitor and epirubicin [36].
Hydralazine, a hypertensive agent repositioned as a DNA methylation inhibitor,
showed a growth inhibitory effect in vivo and in vitro in combination with valproic
acid; furthermore, it exhibited chemosensitizing activity, had a synergistic effect on
global gene expression, and upregulated class I human leukocyte antigen expression
and the antigen-specific cytotoxic T lymphocyte response in CC cells. In a pilot
study in locally advanced CC, valproate plus hydralazine in combination with cis-
platin showed a 100% complete clinical response rate after radiotherapy, thus con-
firming the previously mentioned radiosensitization characteristic of epigenetic
drugs in experimental models.

A phase III first-line trial of 36 patients with advanced CC evaluated cisplatin +
topotecan with or without hydralazine and valproic acid (HV): 17 patients were
assigned chemotherapy + HV, and 19 were given chemotherapy + placebo. The
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treatment was well tolerated, although more haematologic toxicities were observed
in the experimental group, independently of toxicity the results in terms of response
are better. There were increases in the response rate and the achievement of stable
disease in the HV group during a median 7-month follow-up period (range:
1-22 months), with a progression-free survival of 6 months in the chemotherapy +
placebo group and 10 months in the chemotherapy + HV group (p = 0.0384, two-
way analysis) [37]. Although these results are preliminary, this was the first random-
ized clinical trial to show a significant advantage in terms of progression-free
survival for an epigenetic drug plus chemotherapy regimen in advanced CC. These
results suggest that epigenetics-targeted treatments could play an important role in
CC. Nonetheless, it is necessary to confirm these results in future clinical trials.

13.7 Systemic Treatment in Special Histologies

13.7.1 Small Cell Cervical Carcinoma

The reported annual incidence of small cell CC is 0.6 in 100,000 women, compared
to an incidence of 6.6 and 1.2 for the squamous cell and adenocarcinoma types,
respectively [38].

Neuroendocrine tumors constitute a rare histology that represents 2% of all cer-
vical neoplasias. They can be characterized as well differentiated (typical and atypi-
cal carcinoids) or poorly differentiated (small and large cells), with different
biological behaviors. The small cell type is the most frequent variant. This form of
CC is usually diagnosed in young women, and its prognosis is worse compared to
the corresponding clinical stages of the squamous and adenocarcinoma histologies.
Small cell CC has a higher propensity for lymphovascular invasion, nodal and
hematogenous dissemination, and early metastasis to liver, lung, bone, and brain. It
also has a shorter 5-year overall survival of 36% compared to 61% and 70% for the
squamous cell and adenocarcinoma histologies, respectively [39].

Small cell CC may be difficult to diagnose because the expression of classical
neuroendocrine markers may be focal or negative. TTF1 has shown positive expres-
sion in 71% of nuclei, and the expression of AE1/3, chromogranin, synaptophysin,
CD56, and CK7 has also been reported. Similar to the epidermoid histology, small
cell CC has been associated with the presence of HPV 16 and 18 [40].

Treatment strategies are based on series and case reports. In the early treatment
stages, radical surgery is preferred, but this treatment modality has a reported distant
recurrence rate of up to 43% and a mortality rate of up to 85% in a 30-month period.
This observation highlights the need for aggressive multimodal treatments [41].

Most published series have included systemic treatment, surgical treatment and
radiotherapy, even in early-stage disease. Zivanovic et al. analyzed progression-free
survival and overall survival in 17 patients to determine whether cisplatin chemo-
therapy offered a real benefit. In the early-stage group, the 3-year recurrence-free
survival was 83% for those who received chemotherapy and 0% for those who did
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not receive chemotherapy as part of their initial treatment regimen (p = 0.025).
Therefore, the benefit of chemotherapy and radiotherapy in small cell lung carci-
noma can be extrapolated to small cell CC.

Cohen et al. analyzed 188 patients from different series, including 135 patients
with stage I-ITA disease, 45 with stage IIB-IVA disease, and 8 with stage IVB dis-
ease. Overall, 55.3% of the patients underwent surgery, 16% received chemotherapy
in combination with other treatment, 12.8% had radiation, and 3.2% received chemo-
therapy alone. The 5-year survival decreased according to clinical stage progression:
36.8%, 9.8%, and 0% for I-1IA, IIB-IVA, and IVB, respectively (p =0.001). Adjuvant
chemotherapy or adjuvant chemoradiotherapy was associated with increased sur-
vival in patients with stage I[IB-IVA disease compared to those who did not receive
chemotherapy (17.8% vs 6%; p = 0.04). The most frequently utilized chemotherapy
regimens were cisplatin + etoposide, VAC, and carboplatin + paclitaxel.

Skull prophylactic radiotherapy is not recommended [42—45].

13.7.2 Other Histologies

Clear Cell Carcinoma

This histology represents 4-9% of all cases of cervical adenocarcinoma and, in
some cases (mostly in young women), is associated with in utero exposure to dieth-
ylstilbestrol. Other etiologic factors include microsatellite instability, HPV infec-
tion, Bcl-2 overexpression, and p53 mutation. The literature does not support the
fact that this entity has a worse prognosis than its epidermoid equivalent, and thus,
specific therapeutic approaches are not being pursued [46].

Glassy Cell Carcinoma

This histology represents 1-5% of all cases of CC. It is a poorly differentiated vari-
ant of the adenosquamous histology that is associated with earlier age at onset,
Her2/neu overexpression (45% of cases), and recurrence in the first 2 years after
treatment. According to the reported cases, multimodal treatment is beneficial; car-
boplatin and paclitaxel neoadjuvant therapy achieved a 67% response rate when
administered to patients with locally advanced disease [47].

13.8 Conclusions

The systemic management of patients with CC poses considerable challenges.

1. For well-functioning patients with locally advanced CC, platinum-based schemes
with single-agent radiosensitizers are proposed. The use of doublet therapies,
including chemotherapy and molecular targeted therapy, must be further explored.

2. Hysterectomy is an alternative to brachytherapy after chemoradiotherapy in health
centers where brachytherapy is unavailable. The two most important factors to
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consider are the skills of the oncology surgeon and the time between the end of
combination therapy and surgery, which must not exceed 6 weeks.

. The implementation of concurrent chemoradiotherapy as the standard treatment

for locally advanced cancer has decreased the risk of recurrence.

. Neoadjuvant or adjuvant chemotherapy has not been proven superior to chemo-

therapy alone.

In metastatic or recurrent disease, combinations of chemotherapy and molecular
targeted therapy have the most potential; the combination of bevacizumab and an
anti-angiogenic agent offers the greatest increase in overall survival to date.
However, there are numerous opportunities for drug discovery in CC
therapeutics.

In general, the rarer histologies are treated in the same way as the predominant
lineages (epidermoid and adenocarcinoma) because cases of the other histolo-
gies are infrequent. Although some lineages have been proposed to exhibit more
aggressive biological behavior, there are not enough clinical studies to support
changes in their management recommendations. As a general rule, the rarer his-
tologies require a multimodal approach, and it is acceptable for clinicians to
adjust the systemic management of these CC subtypes depending on the patient’s
situation. Nonetheless, currently, there are no strict guidelines for each variant.
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Chapter 14
Immuno-Oncology in Cervical Cancer

Juan P. Marquez-Manriquez, Erik Ramos, and Dolores Gallardo-Rincén

Abstract Cervical cancer (CC) remains a challenging disease despite the approved
preventive vaccines against HPV, which is the cause of this type of tumor. Immune-
mediated treatments, or immuno-oncology, currently represent 6% of cancer thera-
pies, and in the next 10 years, this percentage is expected to increase up to 70%.
There are ongoing efforts to develop specific immunotherapies, such as immuno-
modulatory drugs and antibodies, to treat CC in combination with standard-of-care
regimens. However, currently, there are no clinically available active antigen-
specific immunotherapies that effectively treat CC, despite multiple studies in ani-
mal models that have mainly focused on the viral early proteins (E2, ES, E6, and
E7). There are data from clinical trials using DNA, proteins, and peptide vaccines
targeting these viral early proteins as treatments for CC, but there has been limited
clinical success. It is clear that the adaptive immune system plays an important role
in CC; multiple studies have shown that immune infiltration is related to prognosis.
Non-viral targets are also potential candidates for targeting by next-generation
immunotherapies for CC and vaccines to prevent relapse.
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14.1 Introduction

Cervical cancer (CC) remains an important disease despite the approval of preven-
tive vaccines against human papillomavirus (HPV) in 2006 and 2009 [1]. However,
the available prophylactic vaccines against HPV do not protect against established
pre-malignant lesions, such as cervical intraepithelial neoplasia (CIN) grades I, 11
and III, or against CC [1], as they target proteins that are no longer relevant in these
clinical conditions. In order to treat CIN and CC, we need a vaccine that can elicit
an active antigen-specific response against proteins that are important in established
disease.

There are several pre-clinical and clinical efforts underway to develop active
antigen-specific immunotherapy (immunotherapy) to treat established pre-malignant
lesions and CC [2]. Most of the studies have focused on HPV proteins, such as E2,
ES5, E6 and E7, which are known to be involved in HPV-induced cancer. However,
the clinical results have been mixed, and there is not yet a clinically approved immu-
notherapy for CC [2] (Fig. 14.1).

Clinical trials for HPV-associated cancer

Vaccine Antigen(s) Phase
ADXS11 -001: HPV-16 | Cervical cancer
Lm seceting fusion to LLO-HPV-16 E7 protein E7 | HPV-oropharyngeal cancer
(Lm-LLO-E7)
1l Recurrent cervical carcinoma
TA-HPV: Recombinant vaccinia virus expressing E6 and E7 of | Stage Ib and lla cervical
E6 and E7 from both HPV-16 and HPV-18 HPV16 and HPV-18 cancer
1l Advanced cervical cancer
1] Stage Ib and lla cervical
PADRE peptide linked to E7 Lipopeptide HPV-16 E7 | Cervical cancer
HPV-16 E7 epitopes emulsfied in montanide HPV-16 E7 /1l Cervical cancer

ISA-51 adjuvant

13 overlapping long peptides covering whole E6  HPV-16 E6 and E7 | Advanced cervical can cervical

and e7 sequences of HPV 16 plus montanide cancer

ISA-51 adjunvant I

DC pulsed with HPV-16 E7 HPV-16 E7 | Recurrent cervical cancer
pNGVL4a-Sig/E7/Hsp70: DNA plasmid HPV-16 E7 I Advanced HNSCC
expressing mutated HPV-16 E7 fused to Sig and

Hsp70

Fig. 14.1 Clinical trials for cervical cancer immunotherapy



14 Immuno-Oncology in Cervical Cancer 217

Phase one of immunoediting plays an important role in CC development as this
barrier of the immune system against cancer can be overcome by persistent infection
with high-risk HPV [3]. Most (90%) cervical HPV infections are cleared within
2 years [3]. In cases that progress to CC, the immune response paradoxically contributes
to tumor development rather than to tumor eradication [3]. The type and number of
immune cells present in the CC microenvironment are crucial for clinical outcome [4].
T helper 1 (Thl) cells are required to overcome HPV and other oncogenic drivers by
inducing a tumor antigen-specific response [4]. Th2 cells protect against extracellular
pathogens, and these cells have been shown to support CC progression in immune
infiltration studies [4]. Another T cell subtype that has been related to poor survival in
several CC studies is Foxp3-positive T regulatory cells (Tregs) [5]. Several CC studies
have reported the number and distribution of intraepithelial and stromal T, Treg, Th1,
Th2, and Th17 cells, as well as other adaptive and innate immune cells [5, 6]. The
infiltration of both adaptive and innate immune cells may predict the prognosis of
patients with CC [6]. In particular, adaptive immune cells such as antigen-specific Th1
cells are the most attractive targets for testing which epitopes derived from HPV and
non-HPV oncogenic driver proteins are biologically and clinically relevant in the
development of effective active antigen-specific immunotherapies for CC [7].

Importantly, although E6 and E7 are the most studied viral proteins and are
immunogenic, we do not yet have a clinically available immunotherapy for pre-
malignant cervical lesions or CC based on these proteins [7]. However, it is impor-
tant to remember that independently of CC is caused by HPV the most attractive
targets are viral proteins from the virus, but once malignant transformation occurs,
other oncogenic driver proteins are potential targets for the development of active
antigen-specific immunotherapies [6, 7]. Such therapies can include both viral and
non-viral proteins to improve the cellular and/or humoral immune response and
eventually increase the clinical efficacy of immunotherapies for CC [8].

However, CC cells can escape immune system surveillance by promoting an
immunosuppressive state in their microenvironment [4, 5]. Many studies have
shown that various immunosuppressive cells and molecules are recruited to a pri-
mary cervical tumor site [5].

Higher frequencies of CD4+ and CD8+ T cells expressed the immune check-
point molecules PD-1 and CTLA-4 in positive lymph nodes in patients with CC [9,
10]. Several studies have found high numbers of PD-L14+CD14+ antigen presenting
cells (APCs) and T regulatory cells in the microenvironment of positive lymph
nodes in CC patients, and the presence of these cell types is correlated [10].
Therefore, a combinatorial active antigen-specific immunotherapy including check-
point inhibitors and immune modulators might block this immunosuppressive cycle
and induce effective anti-tumor immunity to halt metastatic spread in patients with
CC (Fig. 14.2).

The main goals of CC immunotherapy using active antigen-specific approaches
are to induce an effective Thl immune response and to overcome some of the
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Fig. 14.2 Clinical impact of the ratios of subpopulations of immune infiltrates in cervical cancer

inhibitory mechanisms that impede an effective immune response, as mentioned
above. Furthermore, immunotherapy must target the more protected Thl epitopes
on several viral and non-viral proteins to increase the successful induction of an
immune response against biologically and clinically relevant oncogenic drivers
[11]. Achieving a state of remission does not necessarily imply the elimination of all
CC cells and cancer stem cells, as shown by the frequency of CC recurrence after
standard-of-care treatment [12]. The administration of active antigen-specific
immunotherapy before, during and after standard-of-care regimens to treat CC is an
attractive alternative to destroy transformed tumor cells and to provide long-term
protection through the generation of memory T cells and antibodies classically
induced by active immunotherapy. Despite the limited success in early clinical tri-
als, several new studies using peptides and DNA immunotherapies have shown
some success in treating CC and preventing relapse [13].

14.2 Immune Infiltration and Immunogenicity of Cervical
Cancer

The role of immune infiltration in opposing tumor growth has only recently been
widely appreciated [14]. After years of controversy, it is now established that reac-
tivating the immune system is a potent tool for eradicating some forms of cancer
[14]. Recent studies have improved our understanding of the relationship between
the innate and adaptive immune systems and cancer development, and there is con-
sistent evidence that lymphocytic infiltration into solid tumors is a beneficial prog-
nostic marker [15] (Fig. 14.3).
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Fig. 14.3 Immune changes during the progression from human papilloma virus infection to cervi-
cal cancer

In 2006, Jerome Galon and his colleagues used microarray analysis and immu-
nohistochemistry to document that the presence, type, and location of CD8+ T
cell infiltrates in human colon cancer were associated with longer patient
survival [14].

Jordanova et al. studied whether the infiltration of T cell subpopulations was
correlated with patient survival in cases of cervical adenocarcinoma and squamous
cell carcinoma (SCC) (n = 67). They analyzed the frequencies of tumor-infiltrating
T cells, Tregs, Th17 cells and IL-17+ cells [15] and found that a high total number
of Tregs was significantly correlated with improved disease-specific survival (DSS)
and disease-free survival (DFS) (p = 0.010, p = 0.007). Within the tumor epithe-
lium, a high number of T cells was significantly correlated with improved DFS
(p = 0.034). In particular, a low number of both Tregs and IL-17+ cells was corre-
lated with poor DSS (p = 0.007). A low number of Tregs in the presence of Th17
cells was also correlated with poor survival (p = 0.018). These data in cervical
adenocarcinoma contrast the correlations described in SCC, suggesting a differen-
tial contribution of the local immune response to tumor growth in cervical adeno-
carcinoma versus SCC [15].

In another CC study conducted by Van der Burg et al. (n = 58), the infiltration of
Tbet+ cells, but not of Foxp3+ cells, was positively associated with DFS and DSS,
indicating that the type 1 immune response of the infiltrate, rather than the overall
number of immune cells, is an important predictor of the response to subsequent
therapy [16].
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There are also indications that marked infiltration by Tbet+ cells is associated
with better clinical outcome in patients with HPV-induced pre-malignant lesions
[16]. Furthermore, tumors from patients without lymph node metastasis had a
larger average area occupied by CD45+ immune cells and displayed greater
Tbet+ cell infiltration compared to tumors from patients with lymph node metas-
tases [16].

Jordanova et al. investigated the composition of tumor-infiltrating myeloid cells
and their relationship to other tumor-infiltrating immune cells, tumor characteristics
and the DSS of patients with CC (n = 86). Substantial intraepithelial infiltration of
CD141 cells, and more specifically, mature M1 macrophages [17], was associated
with a large influx of intraepithelial T lymphocytes (p = 0.008) and improved DSS
(p = 0.007) and was identified as an independent prognostic factor for survival
(p = 0.033). The ratio of intraepithelial CD8 T cells to Tregs was also an indepen-
dent prognostic factor (p = 0.010). Furthermore, the combination of these two prog-
nostic factors revealed a further increased survival benefit in patients whose tumors
displayed dense intraepithelial infiltration of mature M1 macrophages and a high
CD8 T cell/Treg ratio, indicating that both populations of immune cells simultane-
ously improve survival [17]. They concluded that the reinforcement and activation
of intratumoral M1 macrophages might represent an attractive option for modulat-
ing the CC microenvironment [17].

In another study, Yu et al. studied immune infiltration in CC to predict local
recurrence [6]. The objective was to establish a predictive model of local recurrence
by assessing the prognostic significance of clinicopathologic features and five mark-
ers within the tumor microenvironment. The expression of CD3, CD4, CD8, Foxp3,
and IL-17 was assessed by immunohistochemistry in tumor tissue (n = 153) after
radical resection for CC. Local recurrence was observed in 34% of the patients.
Independent predictors of tumor recurrence were lymph node status (p = 0.004),
lymphovascular space invasion (p = 0.012), and the number of intratumoral IL-17+
cells (P = 0.003). The risk of local recurrence was the highest in patients with few
intratumoral IL-17+ cells [6].

14.3 Targets for Immunotherapy in Cervical Carcinoma

Typically, for cancers that are induced by viruses, such as CC, the immunotherapy
targets and biomarkers are viral proteins that are important for tumor formation and
progression [18]. However, despite the identification of several viral early proteins,
such as E2, ES, E6, and E7, as potential targets in CC, no effective active antigen-
specific immunotherapy targeting these proteins has been approved for clinical use
[18]. Moreover, some viral proteins may not be biologically relevant for tumor sur-
vival, but the virus or transformed CC cells may aberrantly express other proteins
that could serve as targets for active antigen-specific immunotherapy [19].
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Several studies in CC have been conducted to identify and characterize aber-
rantly expressed proteins that, if immunogenic, could be included in active antigen-
specific immunotherapy for CC [20].

For example, NQOI was studied in uterine cervical lesions, including non-
neoplastic cervical tissue (n = 25), CIN (CIN-1 n = 28; CIN-2 n = 38; and CIN-3
n = 27), and squamous CC (n = 177), from patients aged 2276 years [20].

The investigators found that NQO1 protein was expressed at high levels in sev-
eral tumors. NQO1 expression in SCC of the uterine cervix and the other above-
mentioned clinical conditions was evaluated to ascertain the relationship with
clinicopathological parameters and its prognostic value in squamous CC based on
survival data [20].

Immunofluorescence staining revealed high NQO1 expression levels in CC
(80.23%). The rate of positive NQOI protein expression was only 12% in non-
neoplastic cervical tissues but was significantly higher in CIN lesions (CIN-1
41.38%; CIN-2 52.63%; and CIN-3 55.56%) (p = 0.01) [20].

Patients with SCC whose tumors overexpressed NQO1 had lower DFS (p <0.01)
and 5-year OS rates (p < 0.01) than those whose tumors had low NQO1 expression.
In early-stage cervical SCC, patients with high-level NQO1 expression had lower
DFS and 5-year OS rates compared with those with low-level NQOI expression
(p <0.05) [20].

Song et al. evaluated astrocyte elevated gene-1 (AEG-1), which plays an impor-
tant role in the development and progression of certain types of human cancer [21].
In this study, immunohistochemistry was utilized to investigate AEG-1 expression
in CIN and CC, and a multivariate analysis was performed. AEG-1 expression
increased from CIN-1 to CIN-3, and the high expression in CC (61.1%) was associ-
ated with shorter patient survival, as evidenced by univariate and multivariate analy-
ses (p < 0.05). This study was the first to show that high AEG-1 expression is
significantly associated with CC progression [21] (Table 14.1).

Table 14.1 Potential Cervical cancer percent of
non-viral targets for active Protein expression N
antigen-specific AEG-1 61 90
1Cr;1rrlrclz;10therapy in cervical NQOI 8023 177
LAPTM4B-35 72.57 113
EZH2 68.3 101
HIF-alpha 94.6 74
API-5 80.3 122
URG4 35.13 167
C140RF166 39.9 148
FASCIN 67 27
EIF5A2 64 314

B7-H4 69.6 102
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14.4 Checkpoint Inhibitors in Cervical Cancer

Checkpoint inhibitors have been barely explored in CC [22].

However, active antigen-specific immunotherapy for CC might be improved by
the co-administration of immunomodulatory antibodies that block immunosuppres-
sive signaling, such as that by CTLA-4 or PD-1, to more effectively promote anti-
tumoral T cell responses.

Thus far, limited data suggest that tumor-infiltrating Tregs are present in CC and
many types of cancer and usually indicate a poor prognosis [23]. One study found
an increased Treg/CD8 ratio in CC, and a similar intratumoral lymphocyte pattern
was observed in the TC-1 mouse model of CC [23]. In this animal model of CC,
systemic Treg depletion was ineffective at controlling tumor growth. However,
when local anti-CTLA-4 antibody production was combined with Treg inhibition,
permanent TC-1 tumor regression and immunity were induced. Importantly, no
signs of autoimmunity were detected in mice that received local CTLA-4 blockade
alone or in combination with Treg depletion [23].

Thus, CC immunotherapy might be combined with immunomodulatory drugs or
antibodies that combat local immune suppression in the CC microenvironment.
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Chapter 15
Palliative Care in Cervical Cancer Patients

Silvia Allende-Pérez, Emma Verastegui-Avilés, Dana A. Pérez-Camargo,
Georgina Dominguez-Ocadio, and Frank D. Ferris

Abstract The use of aggressive treatments in patients with advanced cervical can-
cer at the end of life is frequent. Different studies have suggested no appreciable
difference in survival between patients treated aggressively versus those that
received palliative care, the term is frequently misconstrued as synonymous with
end-of-life. Palliative care is focused on the relief of suffering, in all of its dimen-
sions, throughout the course of a patient’s illness. A provisional clinical opinion
released by the American Society of Clinical Oncology recommends the use of pal-
liative care alongside standard oncologic therapy for patients newly diagnosed with
metastatic cancer, according with the patients’ needs. The purpose of the chapter is
to highlight the importance of palliative care (PC) as an integral part of the care of
CaCu patients. A better understanding of PC would help the oncologist to identify
potentially eligible patients for PC; researchers to standardize the design for future
trials and administrators promote the implementation of PC programs and allocate
proper resources.
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15.1 Introduccion

Non-communicable diseases, including cancer, are becoming the leading health-care
threat in middle-income and low-income countries [1]. Latin American and Caribbean
countries are struggling to respond to increasing morbidity and death from advanced dis-
eases, such as cancer, even though the overall incidence of cancer is lower in the Region
than in Developed countries; the mortality burden is greater, mainly due to presentation at
more advanced stages, and partly related to poorer access to cancer care [1-3].

Health-care systems in Latin America are characterized by a lack of health-care
coverage for populations with no formal employment; therefore, families are exposed
to a high risk of catastrophic expenses, particularly for chronic illnesses [1].
Fragmented health-care systems and poor financing schemes causes diagnostic fail-
ures, late referrals and treatment delays that contributes to advanced disease at pre-
sentation [1]. Cervical Cancer (CaCu) is a clear example of it, is second most common
cause of cancer in Latin America and is a leading cause of cancer mortality among
women. Gaps in prevention, screening, diagnostic, and treatment capacities, contrib-
ute to poor 5-year survival rates [1, 3]. In consequence, 31,000 women of the close to
70,000 diagnosed with CaCu in Latin America will die of the disease [1-4].

Management of early-stage; locally advanced or metastatic cervical cancer
involves multispecialty care, including gynecology oncology, medical oncology,
radiology, pathology, radiation oncology, and palliative care [5]. Women with meta-
static or recurrent cervical cancer have heterogeneous manifestations and therefore
no standard treatment is available at the present time [6—10].

Mexico, promote a major legislative health-care reform leading to universal
health coverage through integration of health insurance for poor and uninsured pop-
ulations, known as Seguro Popular. (SP) [11]. Furthermore, an additional mecha-
nism was also designed to include the coverage of several high cost intervention
defined as “Catastrophic health spending” and treatment for CaCu became the first
type of adult neoplasm included [12, 13].

The availability SP for the treatment of CaCu has increased the adherence to
therapy; however, advanced and recurrent CaCu continues to be a major problem in
Mexico, mostly on highly social and economic vulnerable population. In addition to
the poor prognosis, patients with advanced CaCu experience several stressful physi-
cal symptoms associated tumor location and treatment complications include pain,
vaginal bleeding, fatigue, lymphedema, sexual dysfunction, proctitis, cystitis, consti-
pation, diarrhea, foul odor, and recto-vaginal fistulas [14]. They also experience dis-
turbing psychological symptoms depression and anxiety, sleep disturbance, and
concentration difficulties, in addition to complex economic and social problems [15].

Despite advances in cancer treatment, a large proportion of CaCu patients still
eventually die as a result of their disease. Patients with advanced-stage cancer are
receiving increasingly aggressive medical care at the end of life [16]. Indicators
of overly “aggressive” end-of-life care includes: (1) repeated hospitalizations or
emergency department visits or admission to an intensive care unit within the last
month, (2) chemotherapy <2 weeks before death, and late or absent palliative care
referrals [17, 18]. All these practices contributes to poor quality of care, accord-
ing to the definition provided by the National Cancer Policy Board “practices of
known effectiveness are being underutilized, practices of known ineffectiveness are
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being overutilized, and when services of equivocal effectiveness are being utilized
in accordance with provider rather than patient preferences [19]”. Assessment of
these three areas may be useful to identified poor-quality care from the administra-
tive point of view [18].

Several studies have shown that the use of chemotherapy near the end of life
may not provide benefit, and suggest that one of the major drivers to recommend
it, is physician practice style [20, 21], The discussion about providing symptomatic
and supportive care is a difficult, and often is easier to recommend another line of
chemotherapy, particularly nontoxic targeted agents [22-24]. From the patient per-
spective, the request to receive an aggresive treatment right before the end of life,
end could be caused because they do not understand their prognosis; therefore, have
unrealistic expectations about the benefits of chemotherapy, want to “keep fight-
ing”, among several other reasons [25-29].

Aggressive end-of-life care is an indicator of poor quality care; however, if high-
quality palliative care is not available, oncologists will continue giving chemother-
apy longer than they otherwise would. Uneven access to hospice and palliative care
has been documented, particularly in Low and Middle income countries [30, 31].

The purpose of the chapter is to highlight the importance of palliative care (PC)
as an integral part of the care CaCu patients. A better understanding of PC would
help the oncologist to identify potentially eligible patients for PC; researchers to
standardize the design for future trials and administrators promote the implementa-
tion of PC programs and allocate proper resources.

15.2 What Is Palliative Care?

The World Health Organization defines Palliative Care as an approach that improves
the quality of life of patients and their families facing the problem associated with
life-threatening illness, through the prevention and relief of suffering by means of
early identification and impeccable assessment and treatment of pain and other
problems, physical, psychosocial and spiritual [32].

Palliative care:

o provides relief from pain and other distressing symptoms;

* affirms 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, includ-
ing bereavement counselling, if indicated;

* will enhance quality of life, and may also positively influence 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, and
includes those investigations needed to better understand and manage distress-
ing clinical complications.



228 S. Allende-Pérez et al.

According to the Worldwide Palliative Care Alliance (WPCA), worldwide, over
6 million people with cancer are estimated to require palliative care at the end of life
every year, the majority are adults over 60 years old living in low and middle-
income countries [30, 31].

15.2.1 Integrative Model of Palliative Care in Cancer Patients

Palliative care is frequently misconstrued as synonymous with end-of-life care.
Palliative care is focused on the relief of suffering, in all of its dimensions, through-
out the course of a patient’s illness. The use of hospice and other PC services only
at the end of life limits the benefit they may gain from these services. Therefore,
based on data from several clinical trials, The American Society of Clinical
Oncology (ASCO) released a provisional clinical opinion (PCO) recommending
the use of PC alongside standard oncologic therapy for patients newly diagnosed
with metastatic cancer, according with the patients’ needs [33]. PC is an all-
encompassing approach to cancer care that focuses not only on symptom control,
but on other aspects of life important to patients and families in an attempt to pre-
vent and/or alleviate suffering [34].

Despite the support for an early PC referral, at the present time there are not
universal criteria for doing so. Most authors agree that the presence of cancer
diagnosis, prognosis, physical symptoms, performance status, psychosocial dis-
tress, and end-of-life care planning needs, are important issues to be considered.
It is important to validate and/or personalize to the local needs the assessment
tools, to facilitate and complement clinical judgment for appropriate referrals
[35]. An integrative PC model is feasible mainly in tertiary cancer care facilities;
however, if not available, the oncologist could manage many PC problems, and
could ask for PC consultation for more complex or refractory problems [36, 37].
Basic PC needs should be addressed by the oncologist, including pain and other
symptoms, also must have skills to have discussions about prognosis; goals of
treatment; suffering and do not resuscitate orders. Referrals to a PC specialist
should include the management of refractory symptoms or complex psychosocial
issues [36]. When such consultations are initiated, consideration should be given
to returning the patient to the oncologist for ongoing PC management, allowing
increased access to expert PC consultation and reinforces the patient confidence in
his/her care [38].

15.2.2 Palliative Care Assessment Tools

Although there is not a standard format of clinical PC assessment tool, it includes
traditional components of medical evaluation (medical and psychosocial history,
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physical examination), comprehensive palliative assessment involves unique con-
tent, focus, and sources of information [39].

A. The content includes six areas examined in a structured manner:

(a) Pain and other physical symptoms;

(b) Psychological, psychiatric, and cognitive symptoms;

(c) Illness understanding and care preferences (ie, personal goals, expectations,
understanding of illness trajectory and risks versus benefits of therapies);

(d) Existential and spiritual concerns;

(e) Social and economic resources and needs of patients and caregivers, includ-
ing for care in the home;

(f) Continuity of and coordination of care across settings.

B. The components of care in palliative are patient-focused and family oriented.

C. Information about the patients not only from the patient, family, medical records.
The palliative evaluation utilizes a broad range of sources, each contributing to
the final assessment (nursing staff, phycologist, social workers, and nutritionists
perform discipline-specific evaluative tasks, together developing the compre-
hensive palliative assessment).

Effective symptom management requires a good symptom assessment. Different
measurement instruments have been created to identify symptoms in oncology
practice. Comprehensive reviews of assessment tools and scales are available. For
clinical purposes, the Brief Pain Inventory (BPI and its short-form version (BPI-SF)),
the revised Edmonton Symptom Assessment Scale (rESAS).

15.2.2.1 Edmonton Symptom Assessment System

In the original version is composed of 10 visual-analogue scales, represented on
the left as the least intensity or lack of a symptom and at the right as the worst pos-
sible intensity of symptom. The patient marks in her opinion the most appropriate
place [40].

15.2.2.2 Quality of Life (QoL)
Is a multidimensional concept regarding self-assessment of patients’ situation that

to a significant extent is determined by individual needs, beliefs, values, attitudes,
which are changing with time.

15.2.2.3 One of the Possibilities of Screening

The psychological state of cancer patients is a distress thermometer that on a scale
from O to 10 indicates no stress (0) to the strongest psychological distress.
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15.2.2.4 The EORTC Quality of Life Questionnaire—Cervical Cancer
(QLQ- CX24)

Has been developed and validated to assess the disease- specific and treatment-
specific aspects of HRQOL (Health Related) in patients with cervical cancer in a
multicultural setting. The QLQ-CX24 consists of 3 multi-item scales and 5 single-
item scales [41, 42].

15.2.2.5 Prognostic Scales

Predicting prognosis in advanced cancer aids physicians in clinical decision making
and can help patients and their families to prepare for the time ahead. Clinical pre-
diction of survival alone is fairly inaccurate and often presents a bias oriented
towards overestimation. Its prognostic capability can potentially be improved by
assessing and evaluating a number of clinical symptoms and syndromes. Clinical
factors seems to be highly indicative of prognosis in far advanced and palliative
phases, (Cancer Anorexia-Cachexia Syndrome), Performance Status Indexes,
symptoms such as dyspnea and delirium, and biological parameters, for example,
leukocytosis, lymphocytopenia, and C-reactive protein. Several Scales have been
validated the most used are the (A) Palliative Prognostic Score (PaP Score), (B)
Delirium-Palliative Prognostic Score (D-PaP Score), Table 15.1 (C) Palliative

Table 15.1 Palliative Criterion Assessment Partial score
Prognostic Scale (PaP) Dyspnea Yes 0

No 1
Anorexia Yes 0

No 1.5
Performance status >30 0

10-20 2.5
Clinical prediction >12 0
(weeks) 11-12 2

7-10 2.5

5-6 4.5

34 6

1-2 8.5
Total WBC <8.5 0

8.6-11 1

>11 2.5
Lymphocyte 20-40% 0
percentage 12-19.9% 1

<11 2.5
Risk group 30 Day survival Total score
A >70% 0-5.5
B 30-70% 5.6-11

C <30% >11
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Table 15.2 Palliative prognostic index

Prognostic domain Partial score value

Palliative performance status*

10-20 4.0

30-50 2.5

>60 0

Clinical symptoms

Oral intake

Moderately reduced 1.0

Severely reduced 2.5

Normal 0

Edema 1.0

Dyspnea at rest 3.5

Delirium 4.0

Total score

Median survival 0-2.0 =90 days
2.1-4.0 = 61 days
>4.0 = 12 day

Modified from: Morita et al. [45]
*The Palliative performance status represents a modified version of the Karnofsky performance scale

Prognostic Index (PPI), Table 15.2 [43-46]. Although there is not consensus, there
is a suggestion that the PaP score and especially D-PaP showed slightly better over-
all accuracy than PPI or PPS [47, 48].

15.3 Palliative Care in Cervical Cancer Patients

Patients with advanced CaCu are a special group of patients to deliver palliative
care, they experience a several distressing physical symptoms associated with the
anatomic location of their disease, in addition of the physical complications of
surgery and/or chemotherapy and radiotherapy. Most of the patients have dis-
tressing psychological symptoms related to their frequently low socioeconomic
status, complex family issues and the burden of the disease. Common physical
symptoms include pain, fatigue, lymphedema, sexual dysfunction, proctitis, cys-
titis, constipation, diarrhea, foul odor, thrombosis, vaginal bleeding, anorexia,
and fistulas. However, despite the appalling impact that the symptoms can have
on quality of life, there is no standardized tool for assessing symptoms of gyne-
cologic cancer, and symptom assessment is rarely a part of routine cancer care
[49, 50].
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15.3.1 Symptoms
15.3.1.1 Pain

Studies conducted by the International Association for the Study of Pain (IASP) have
demonstrated that approximately 90% of patients with cancer experience pain [51]. Is
one of the most common and devastating symptoms among patients with advanced
cancer. It is a multidimensional syndrome that has physical, psychological, and behav-
ioral components, and a multidimensional approach is required for its management.

Pain management is a key element in palliative care and the skills required to
provide comfort and relieve other sources of suffering should be acquired by all
clinicians involved in the care of populations with life-threatening illnesses. With
appropriate use of available pharmacologic agents and other approaches, pain asso-
ciated with advanced illness in the last weeks of life usually can be controlled.

The pain assessment begins with a detailed characterization of the pain. Specific
questions should be directed to pain location; onset, duration, course and daily fluc-
tuation; severity; quality; factors that relieve or provoke the pain; and associated
symptoms. The impact of the pain on varied functional domains, including physical
activity, mood, interactions in the family and others, should be clarified. Information
about the prior evaluation of the pain and the outcomes of prior and existing analge-
sic therapies should be noted.

(a) Site
(b) Type of pain

¢ Somatic nociceptive pain involves injury to somatic structures like skin,
bone, joints, or muscles. It is usually well localized, and often described by
patients as “aching”, “stabbing” or “throbbing”, in quality.

* Visceral nociceptive pain results from distension, injury to, or inflammation of
visceral organs. It is usually poorly localized, and characterized as “gnawing”
or “crampy” when arising from the obstruction of a hollow viscus (eg, the
bowel lumen), or as “aching” or “stabbing” when arising from other somati-
cally innervated visceral structures, such as organ capsules or parietal pleura.

* Neuropathic pain is sustained by abnormal somatosensory processing in the
peripheral or central nervous system, or direct damage to nerves. Examples
include postchemotherapy neuropathy. Patients may describe unpredictable
shooting, burning, numbness, or pruritus.

* Most patients with chronic cancer pain experience periodic flares, often
referred to as Breakthrough pain.

(c) Severity and QOL impact. There are a number of simple ways to assess pain
severity, including a Faces scale) and Visual Analog Scale.

e Formal instruments have also been developed to rate pain severity in multi-
ple dimensions. The McGill Pain Questionnaire and the BPI have been trans-
lated into several languages.
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(d) Aggravating and alleviating factors.

(e) Associated symptoms — This includes paresthesias, weakness, nausea.

(f) Temporal patterns — Temporal assessment of the pain may include information
about onset, duration, and fluctuation. Both the extent and duration of relief
provided by interventions should be determined.

15.3.1.2 Treatment

The WHO analgesic ladder for cancer pain relief is widely accepted as the standard
approach in cancer pain control. The foundations for the WHO analgesic ladder
were first developed in the early 1980’s and the guidelines were published in 1986
[52]. It employs three steps: Step 1: Non-opioid analgesia, e.g. paracetamol/acet-
aminophen. Step 2: Weak opioid, e.g. codeine. Step 3: Strong opioid, e.g. morphine.
Initial studies assessing the efficacy of the WHO ladder showed approximately 80%
of patients with cancer pain, will respond to treatment using this. The WHO ladder
was quick to be adopted and by 1995, 40 countries had developed policies for the
management of cancer pain [53].

Opioids are the standard choice for pharmacologic management of cancer pain,
with the goal of analgesic effects with minimum toxicity [54].

A. Opioids

Opioids act by binding to specific receptors, the best characterized of which are
the mu, kappa, and delta receptors. These receptors are present in tissues throughout
the body, including both the peripheral and central nervous systems [55].

Based upon their effects on the mu receptor, opioids are conventionally divided
into pure agonists, agonist-antagonists (of which there are two subtypes: partial
agonists and mixed agonist-antagonists), and pure antagonists. Mu receptor antago-
nists have no intrinsic analgesic properties; they are used to prevent or reverse opi-
oid effects.

(a) Morphine. Is usually considered to be a standard for comparison across opioid
drugs. The morphine is primarily metabolized in the liver and its metabolites
are excreted renally. Two active metabolites have been extensively studied,
morphine-6-glucuronide (M6G) an opioid, contributes to the analgesia and
other opioid effects produced by the administration of morphine and morphine-
3-glucuronide (M3G) is not an opioid, binds to other receptors and may be
associated with toxic effects.

(b) Oxycodone. Have short half-lives similar to morphine and are available in mul-
tiple formulations, including an oral formulation and modified release
formulations.

(c) Fentanyl. Is a synthetic opioid that is available in transdermal, and inject-
able formulations. Fentanyl may be useful when rotating from one opioid
to another and may offer particular advantages for patients who have itching
or urticarial in response to opioids, or those with renal insufficiency.



234 S. Allende-Pérez et al.

The transdermal formulation, which has duration of effect of 2-3 days, may
not be as useful if rapid titration of dose is needed. Furthermore, heat changes
the dose delivery rate from the patch. Thus, patients with advanced illness
who have recurrent fevers may be at increased risk of unexpected toxicity.

(d) Methadone. The use of this drug for pain in populations with advanced illness
has steadily increased, driven by its low cost and longstanding clinical benefits.
The safe use of methadone requires an understanding of its challenging
pharmacokinetic-pharmacodynamic profile [56]. Therefore, uncertainty about
how long will take for the patients to reach a steady state after stable dosing
begins is always a clinical question. In addition because methadone can prolong
the QTc interval, an electrocardiogram (ECG) prior to therapy is recommended.
Methadone should be prescribed by a clinician with experience in prescribing
and monitoring this drug with complex pharmacokinetics.

(e) Buprenorphine. Is a partial agonist. Transdermal buprenorphine, has been
licensed in Europe and is commonly prescribed for chronic pain. A 2009 con-
sensus statement from an international panel with expertise in palliative care and
pain treatment endorsed the use of transdermal buprenorphine where available.

B. Opioids Side Effects

Some patients experience treatment-limiting side effects as the dose of the opioid
is increased. Those who initially appear to be poorly responsive to an opioid regi-
men may have a favorable outcome if the side effects are successfully managed so
that the patient can tolerate the dose associated with adequate pain control.

The assessment of opioid side effects in those with advanced illness can be chal-
lenging because of the existence of disease complications or comorbidities that may
contribute to the problem, change the presentation, or alter the usual approach to ther-
apy. The goals of care may be continually shifting in the context of far advanced illness
and the appropriateness of interventions, such as a strategy to reduce somnolence, may
change over time. Indeed, near the end of life, somnolence may be viewed as a positive
effect of treatment. The most common problems related to pain management in popula-
tions with advanced illness are constipation and somnolence or cognitive impairment.

C. No opioid drugs

The no opioid analgesics may be used for mild or moderate pain and can provide
analgesia that is additive to that produced by the opioids.

Adjuvant analgesics are usually defined as drugs that are indicated for reasons
other than pain (eg, depression, epilepsy) but are analgesic in specific circumstances
(e.g., gabapentin, pregabalin, and duloxetine).

D. Neuropathic pain

Neuropathic pain may be directly related to an illness (eg, nerve compression
from tumor) or to a comorbid condition (e.g., chronic back pain with radiculopathy,
diabetic peripheral neuropathic pain, or postherpetic neuralgia). When associated
with serious illness, opioid therapy usually is tried first. If response is relatively
poor, a trial of an adjuvant analgesic often is considered.
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15.3.1.3 Special Circumstances for Pain Management

(a) Chemical Coping. Opioids are also capable of binding p receptors in the limbic
system to induce reward responses [57]. This double-edged effect of opioids
may result in opioid-related problems in patients, including drug-seeking
behaviors and a tendency toward dependence. Chemical coping occurs when
patients use medications, mainly opioids, in a no prescribed way to cope with
the various stressful events associated with the diagnosis and management of
cancer, incidence may be as high as 18% of palliative care if diagnosed as by
palliative medicine specialists [58].

(b) Pseudo addiction. Describes a situation in which a patient’s legitimate chronic
pain condition is undertreated with pain medication, leading the patient to act in
a way that resembles addictive behavior (requesting extra medications and
demanding attention); such patients are often labeled as demonstrating “drug
seeking behaviors”. A careful pain history that emphasizes perceived pain relief
will help clarify the issue.

15.3.1.4 Risk Assessment and Management for Patients Receiving
Opioids

The public health consequences of opioid abuse drive the imperative that all physi-
cians assume responsibility for risk management; therefore, in some countries the
government has taken additional steps to regulate opioids. In the US a Risk
Evaluation and Mitigation Strategies (REMS), was designed, one for extended-
release and long-acting opioids including transdermal preparations and methadone
analgesics, and one for transmucosal immediate release fentanyl formulations
(TIRFs) [59]. REMS, prescriber education and patient counseling, are strongly
encouraged, but not mandatory. In the US, for transmucosal fentanyl (not available
in Mexico) REMS require registration of outpatient prescribers, pharmacies, dis-
tributors, and patients in the TIRF REMS access program.

However, clinicians have raised concerns, that the effort to reduce risk could cre-
ate barriers for cancer pain alleviation. Principles for balancing opioid access with
the need to curb misuse and abuse are addressed in a 2016 policy statement on
protecting access to opioid treatment for cancer-related pain from the American
Society of Clinical Oncology (ASCO) [60].

15.3.2 Total Pain

The perception of discomfort and burden of illness among palliative care patients is
highly individualized. To address the complexity of suffering, Dame Cicely
Saunders, the foundress of modern hospice and palliative care, introduced the term
“total pain.” Recalling one of her patient’s testimonies, “...The pain began in my
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back, but now it seems that all of me is wrong. My husband and my son were mar-
velous but they were at work and they would have to stay off and lose their money.
Everything seemed against me and nobody seemed to understand...” Dr. Saunders
observed that her patient’s pain included not only physical but also “...emotional
and mental suffering, her social problems, and her spiritual need for security and
meaning [61-63]". Accordingly, the concept of “total pain,” which provides a defin-
ing framework for patient assessment in palliative care, refers to the complex mech-
anisms and manifestations of suffering, including its physical, emotional,
socioeconomic, and spiritual components.

15.3.3 Fatigue

Fatigue is a prevalent and poorly understood symptom in patients with advanced
serious and/or life-threatening illness. In CaCu patients seen at the palliative Care
Service of INCan, up to 99 percent of patients have fatigue.

The assessment of fatigue in palliative care patients can be complex given its
subjective and multidimensional nature. Different instruments have been developed
for assessment of fatigue in cancer (CRF) patients which assess both severity and
functional impact (e.g., the Brief Fatigue Inventory) [64, 65]. Fatigue severity can
also be quantified using a 0—10 visual analog scale such as provided in the revised
Edmonton Symptom Assessment Scale. The cause of fatigue in palliative care
patients is typically multifactorial; therefore, a complete history and physical exam-
ination should be undertaken to ascertain the various organ systems affected by the
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underlying disease and the impact of fatigue on activities of daily living and quality
of life, to search for potentially reversible or treatable contributory factors, and to
direct the diagnostic work-up. Review of all medications (both prescribed and over
the counter, including complementary/alternative therapies) is important.

Potentially treatable causes of fatigue should be sought. These include comor-
bidities (e.g., anemia, electrolyte abnormalities, alcohol/substance abuse, endocrine
dysfunction [e.g., hypothyroidism, hypogonadism, adrenal insufficiency], cardiac,
pulmonary, or renal dysfunction), medications, emotional distress, sleep disturbance,
pain, nutritional issues (changes in weight/caloric intake), and deconditioning/loss of
muscle mass. Symptoms that may contribute to fatigue should be managed appropri-
ately (e.g., pain, dyspnea, nausea, sleep disturbance, depression, anxiety, and anorexia

For patients with cancer-related pain who are receiving opioids, these should be
titrated or the schedule/agent modified so as to alleviate pain without causing sig-
nificant fatigue. If needed, a trial of psychostimulants may help to reverse opioid-
related sedation.

Anemia is the most common reversible cause of CRF, particularly among patients
receiving chemotherapy. Correction of anemia has been associated with an improve-
ment in health-related quality of life (QOL) and fatigue.

In terminally ill patients who have a high symptom burden that includes fatigue,
we suggest a trial of glucocorticoid therapy [66].

15.3.4 Transfusion

Red blood cell (RBC) transfusions are commonly prescribed for palliative care
patients. However, RBCs are a limited resource, transfusion is not without risk, and
may be of variable benefit in people approaching the end of life [67].

Transfusions of packed red blood cells can improve fatigue due to anemia,
although higher-quality studies are needed to determine which patients are most
likely to respond, which are not, and the duration of any response [68]. Furthermore,
for those patients requiring repeated transfusions, there are potential harms, includ-
ing blood-borne infection, acute transfusion reaction, transfusion-associated graft-
versus-host disease, subtle immune modulation, and iron overload.

15.3.5 Dyspnea

Dyspnea is a common symptom in terminally-ill cancer patients [69]. Is defined
only by patient self-report. Objective measures, such as respiratory rate, oxygen
saturation, and arterial blood gas determination may not correlate with, nor provide
a quantitative measure of the degree of dyspnea, neither physical examination, or
pulse oximetry. The prognostic implications of dyspnea, particularly at rest is a
prognostic feature.
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The most common pharmacologic intervention for dyspnea at the end of life
is an opioid analgesic, typically morphine, although other opioids are used suc-
cessfully. Opioid analgesics function by reducing oxygen demand and dilat-
ing pulmonary vessels, which in turn reduce preload to the heart. Other possible
interventions include bronchodilators, corticosteroids, sedatives, and tranquilizers.
Bronchodilators help open up the airways; corticosteroids help to decrease inflam-
mation and mucous production, benzodiazepines reduce anxiety and, therefore,
decrease oxygen demand. Regardless of the cause, severe dyspnea is an emergency
and should be treated aggressively. The combination of an opioid and sedative can
markedly relieve patients who have end-stage disease.

15.3.6 Gastrointestinal Symptoms

15.3.6.1 Anorexia

Is frequently seen in patients in palliative care and is often a foremost concern
of patients and their families. Can be a consequence of chronic fatigue or associ-
ated with barely noticeable nausea; depression, pain, Xerostomia, or constipa-
tion [70].

15.3.6.2 Cachexia

Is a hypercatabolic state that is characterized by an accelerated loss of skeletal
muscle in the context of a chronic inflammatory response, and should be distin-
guished from sarcopenia, loss of muscle. The profound weight loss suffered by
patients with cachexia cannot be entirely attributed to poor caloric intake.
Insufficient oral intake is superimposed upon complex metabolic aberrations that
lead to an increase in basal energy expenditure and culminate in a loss of lean body
mass from skeletal muscle wasting. The anorexia-cachexia syndrome often results
in psychosocial distress for both patients and family and is associated with a poor
prognosis [71].

There are no formal validated cachexia assessment instruments based upon
these domains, and malnutrition assessment tools are generally in use to assess
cachexia. Patients with anorexia-cachexia syndrome who are able to eat should be
recommended to have small, frequent meals that are dense in calories. While
some patients may benefit from nutritional supplementation, patients and families
should be counseled that increasing caloric intake does not reverse the underlying
process and that anorexia/cachexia is not an uncommon symptom, it is different
from starvation, and it is a natural process that occurs at the end of life. For
patients with persistent anorexia, pharmacologic treatments are available that pre-
dominantly stimulate appetite; however, they will not reverse cachexia in most
patients [72].
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15.3.6.3 Nausea and Vomit

Are a frequent symptoms in palliative care and cause of physical and psychological
distress for patients and their families, and significantly impact quality of life (QOL).
The etiology is often multifactorial: in addition to cancer treatment, hypercalcemia,
malignant bowel obstruction, gastroparesis, or drug-induced constipation. Emesis is
not merely a more severe degree of nausea, since the neural circuits responsible for
nausea appear to be anatomically distinct from those that generate emesis, the mecha-
nisms underlying the symptom of nausea are not well understood; however, unlike
vomiting, nausea requires conscious awareness and cerebral function. An effort should
be made to identify and correct reversible underlying causes [73]. Metoclopramide 5
to 10 mg four times daily intravenously, orally, or subcutaneously.

15.3.6.4 Malignant Bowel Obstruction (MBO)

A well-recognized complication in patients with advanced CaCu. Most of these
patients are inoperable, and their survival is generally short. Clinical management of
MBO requires a specific and individualized approach that is based on disease progno-
sis and the objectives of care. In most cases, there are few or no data addressing the
relative value of palliative surgery versus medical management, and a decision to pro-
ceed to surgical intervention requires careful weighing of risks and benefits, including
an assessment of the estimated life expectancy and patient goals and preferences [74].

For patients with inoperable MBO, management with IV fluids and temporary
nasogastric suctioning to decrease a large amount of secretions before the start of
specific pharmacologic management can reduce nausea, vomiting, and pain.
Medical management of inoperable patients has focused on adequate control of
pain, distention, and vomiting using hydration, opioids, and pharmacologic agents
that may reduce symptoms by lessening peritumoral edema (glucocorticoids) and or
diminishing intraluminal secretions and peristaltic movements (octreotide reduce
propulsive as well as nonpropulsive gut motility, and decrease intraluminal secre-
tions). Prokinetic agents are contraindicated in patients with a complete bowel
obstruction. IV haloperidol is considered a first choice antiemetic for patients with
malignant bowel obstruction in conjunction with dexamethasone.

Olanzapine is an antipsychotic medication that has affinity for multiple neu-
rotransmitters that may play a role in modulating nausea and vomiting, including
dopamine, serotonin, adrenergic, muscarinic, and histamine receptors.

15.3.6.5 Constipation

Constipation has been defined as a stool frequency of less than three per week based
upon epidemiological studies in the United States and the United Kingdom; however,
this definition is not universally applicable, and for some, it may mean that stools are too
hard or too small, or that defecation is too difficult or infrequent. Risk includes advanced
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disease, decreased physical activity, low fiber diet, depression, and cognitive impair-
ment. Medications include opioids, calcium channel blockers, diuretics, anticholinergic
drugs, iron, and serotonin antagonists. The choice of laxative therapy is empiric [75].

15.3.6.6 Xerostomia

Is a highly prevalent symptom in palliative care, can alter taste and make it difficult
for patients to eat and swallow, mouth pain and difficulty with speaking Risk factors
include medications, mouth breathing, advanced age, and in cancer patients.

15.3.7 Obstructive Nephropathy

Treatment of advanced cancer is always challenging, in advanced stage CaCu is
difficult to offer definitive treatment as they present in uremia due to associated
obstructive uropathy. There are no clear-cut guidelines for performing to implement
invasive palliative procedures such as percutaneous nephrostomy which in some
cases may compromise quality of life to offer additional non- curative therapy. Thus
interventions should prioritize the patient’s quality of life, pain relief, assurance of
hygiene and psychological care [76].

15.3.8 Palliative Interventions to Control Vaginal Bleeding
in Advanced Cervical Cancer

Bleeding is the immediate cause of death in 6% of women with cervical cancer and
its management often poses a challenge; thus, vaginal bleeding remains a common
consequence of advanced cervical cancer. A pragmatic approach would be to try
simple local measures such as vaginal packing and the commonly available oral
hemostatic agents e.g. tranexamic acid before considering more interventional
approaches such as radiotherapy. The more unorthodox and unevaluated sugges-
tions should be considered only once the more familiar measures have been
exhausted [77].

According to a Cochrane Systematic review there is an absence of evidence that
tranexamic acid, vaginal packing (with or without formalin-soaked packs), inter-
ventional radiology techniques or other interventions are as effective or safe as
radiotherapy for palliative control of bleeding from the vagina in advanced cervical
cancer [78]. For those whose bleeding cannot be controlled successfully, use of a
benzodiazepine in doses adequate to sedate patients can ease fears and minimize
awareness of the circumstances.

Bleeding is visually impactant and the use of red towels to absorb bleeding can
ease the anguish for families who want to remain close to a patient. It is impossible,
however, to completely disguise and disregard. Patients and families should be
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reassured that it will be handled as sensitively and effectively as possible and that
the goal of care continues to be maximization of quality of life.

15.3.9 Lower Extremity Deep Vein Thrombosis (DVT)

Reports of the incidence of DVT in patients with cervical cancer vary widely, rang-
ing from 0% to 34%. Concerns have been raised that substantial under-reporting of
DVT in cervical cancer might be occurring. The pathogenic mechanisms of throm-
bosis involve a complex interaction between tumor cells, the hemostatic system, and
characteristics of the patient. CaCu patients have additional risk factors for throm-
boembolism, long-term immobilization, especially in hospital, surgery, chemother-
apy, the presence of chronic renal disease, liver disease, some patients are obese,
may have a central venous lines. Classic symptoms of DVT include swelling, pain,
and erythema of the involved extremity. There is not necessarily a correlation
between the location of symptoms and the site of thrombosis [79].

Initial treatment for most patients is subcutaneous injections of therapeutic doses
(adjusted to body weight) of low molecular weight heparines (LMWH) once or
twice daily. The main issues for a clinician managing a Palliative CaCu patient who
has an episode of venous thrombosis are the most appropriate duration and intensity
of anticoagulation, the risk of extension or recurrence of venous thromboembolism
during anticoagulation, and the potential for an increased risk of bleeding during
anticoagulant therapy [80].

15.3.10 Lymphedema

Lymphedema is defined as the abnormal accumulation of interstitial fluid and fibro
adipose tissues resulting from different causes, is a chronic, incurable condition, the
effects of which include limb swelling and feelings of heaviness, tightness, and
pain. Lymphedema can take a psychological toll and adversely affect their quality
of life [81].

Symptoms of peripheral lymphedema include extremity swelling, skin changes,
limb pain and discomfort, restricted range of motion, and nonpitting edema. The
differential diagnosis of lymphedema includes acute deep venous thrombosis, post-
thrombotic syndrome, limb hypertrophy, lipedema, peripheral edema due to other
systemic illness, drug-induced edema (AINES, pregabalin, bisphosphonates and
taxotere), hypoalbuminemia.

The diagnosis of lymphedema can be made by history, physical exam, and extrem-
ity measurements comparing the affected with the unaffected limb. While imaging of
the lymphatic system is usually not necessary to confirm the diagnosis of lymph-
edema, imaging can be helpful to distinguish lymphedema from no lymphatic causes
of edema. Lymphedema cannot be cured but it requires complex and individualized,
palliative patients with lymphedema can benefit from pain reduction, infection



242 S. Allende-Pérez et al.

minimization, skin protection and the psychological support that lymphedema treat-
ment provides. Cancer patients with lymphedema are more likely to experience
greater disability, poorer quality of life, and greater psychological distress as com-
pared to cancer patients without lymphedema. Among patients with refractory
lymphedema in the palliative care setting, there are few data to guide optimal
management.

15.3.11 Psychological, Psychiatric, and Cognitive Symptoms

Patients with CaCu have complex socioeconomic environments and terminal dis-
ease add additional distress. Clinicians should screen for the multiple factors that
increase the prevalence and/or severity of psychological distress.

15.3.11.1 Delirium

In advanced serious or life-threatening illness, delirium is common, but it is revers-
ible in up to 50 percent of cases, underscoring the importance of early recognition
and aggressive evaluation and management. A mnemonic FACT recalls the diagnos-
tic criteria of delirium: Fluctuating cognitive deficit(s) with acute onset; Attention
deficits and either; consciousness level disturbance, or thought disorganization.

Several tools are available to screen for delirium including the Confusion
Assessment Method (CAM), the bedside confusion scale (ability to recite the
months backwards and assessment of consciousness state [82], use of serial-sevens,
and spelling a word such as “farm” or “world” backward (or language proper words).

Haloperidol is the drug of choice 0.5-1.0 mg haloperidol (PO, intravenous [IV],
intramuscular [IM], or subcutaneous [SC]) is administered, with repeat doses every
45-60 min titrated against symptoms. Older patients may require lower doses in
order to avoid side effects including extrapyramidal symptoms. Symptomatic treat-
ment should be considered a palliative measure while other strategies, such as a
change in the type of opioid, hydration, or the management of metabolic or infec-
tious complications, are introduced. Hyperactive symptoms improve within
3-5 days in most patients if the underlying etiology is corrected. If no response is
observed within 24-48 h of administering full doses of haloperidol, other more
sedating neuroleptics such as olanzapine or chlorpromazine are potential alterna-
tives in patients with persistent signs and symptoms of delirium refractory to treat-
ment with haloperidol.

15.3.11.2 Depression

The spectrum of mood disorders and conditions seen in palliative care patients
includes normal grief reaction (including anticipatory grief), pathologic grief, adjust-
ment disorder with depressed features, and minor as well as major depression.
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15.3.11.3 Mood disorders

The mood disorders are frequent in patients with a serious and/or life-threatening
illness. In general, a single-item inquiry, “Have you been depressed most of the time
for the past 2 weeks?”, appear to be as effective as longer instruments to screen for
depression, and the Distress and Impact Thermometer.

15.3.11.4 Anxiety

Anxiety may also be the result of a pre-existing anxiety disorder, substance abuse,
delirium, or undertreated symptoms, most commonly pain. Significant factors that
may exacerbate anxiety include concerns about future symptom control, the course
of the disease, and other components of total pain. A screening item, “Are you
bothered by feeling nervous, anxious, or unable to stop worrying? ”, can be
utilized.

15.3.11.5 Coping

Coping refers to a patient’s adjustment and psychological rebalancing to manage a
life-threatening illness. Adaptive processing of stressors may utilize a variety of fac-
tors and styles, including humor, anticipation (planning, active management), dis-
closure and sharing with others/seeking support, positive reframing, sublimation,
and suppression (distraction, compartmentalization).

15.3.12 Wound Care

Wound care is an important palliative care issue as untreated wounds can lead to
physical discomfort and impair quality of life. The focus of wound care in palliative
settings is the management of related symptoms, such as odor, exudate, bleeding,
pain, and infection.

Patients at the end of life are at risk for skin breakdown because of fragile skin,
excess pressure and friction, lack of proper nutrition, compromised mobility, dehy-
dration, incontinence, advanced age, surgical wounds, fistulas, stomas, fungating
tumors, peripheral edema, and lymphedema [83, 84]. Often as death approaches the
skin begins to fail because of increased pressure and altered perfusion, which put
patients at risk for further breakdown. It is important to inform patients and families
that the wounds have limited chance of healing. Topical anesthetics can be used in
the wound bed to manage lower levels of pain. Crushed metronidazole also can be
sprinkled into the wound bed to help decrease odor and the amount of exudate from
the wound. Dressings should be selected carefully with the intention of minimizing
trauma with dressing changes and preventing further deterioration of the wound or
surrounding should be on what can be done.
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15.4 Last Days of Life

15.4.1 Place of Death

The place where the patients receive end of life care influences the type of manage-
ment of symptoms. Death in a hospital is associated with more physical and emo-
tional distress, worse quality of life at the end of life, and more prolonged grief
disorder among caregivers [85, 86]. Some CaCu patients included in the SP in
Mexico often chose the hospital environment to receive treatment.

Cervical cancer patients in the last days/hours of life have unrelieved physical
suffering, but most significantly, emotional, spiritual, and social distress.
Recognizing that a patient is dying or terminal phase of their illness is very impor-
tant to shift standard medical care to comfort care.

15.4.2 Physiologic Changes and Symptoms

There are multiple physiologic changes that occur in the last hours and days of life,
and these are generally accompanied by functional decline and a variety of symp-
toms [87-89].

(a) Weakness, fatigue, and functional decline, Increasing weakness and fatigue
and eventually the patient is Bed-bound

(b) Decreased oral intake, as part of profound generalized weakness the inability
to take in food and fluids parallels the overall physiologic decline. It may
develop in the final days, or be due to potentially reversible sedation due to
medications, or metabolic disturbances such as hypercalcemia.

e Although it’s a major cause of distress in family members, neither parenteral
nutrition nor tube feeding is recommended for nutritional support of patients
in the dying phase of an advanced terminal illness. Family education and
counseling on the normal dying process is of paramount importance.

* The possibility that dehydration may contribute to suffering and accelerate
death at the end of life is a subject of debate with arguments for and against
parenteral fluid administration.

(c) Inability to close eyes, the cachexia leads to loss of the retroorbital fat pad,
causing the eyelids may not fully appose. Avoidance of dry eyes can be aided by
the use of ophthalmic lubricants.

(d) Reduction in the cardiac output and intravascular volume leads to decreased
perfusion, Tachycardia, hypotension, peripheral cooling, peripheral and central
cyanosis, mottling of the skin and loss of peripheral pulses are common.

(e) Neurologic changes associated with the dying process may manifest themselves
in two different ways: decreasing levels of consciousness leading to coma and
death, or a terminal delirium, presenting as confusion, restlessness, agitation.
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Periods of apnea or a Cheyne-Stokes pattern of respirations may develop.
This may be perceived by family members as breathlessness, or impending suf-
focation. Therefore, similar to other anticipated changes at the end of life, this
should be discussed with the family early on.

Accumulation of upper airway secretions, loss of the ability to swallow may
result from weakness and decreased neurologic function. The gag reflex and
reflexive clearing of the oropharynx decline, and secretions from the tracheo-
bronchial tree accumulate. The buildup of saliva and oropharyngeal secretions
may lead to gurgling, crackling, or rattling sounds with each breath, which
some refer to as the “death rattle”.

Loss of sphincter control in the last hours of life may lead to incontinence of
urine and/or stool, both of which are distressing to patients and family
members.

15.4.3 End of Life Care

15.4.3.1 Reviewing Medication Orders

Polypharmacy is common in patients at the end of life, and presents a burden for
many [90, 91].

(a)
(b)

(©

Nonessential drugs that are no longer consistent with the overall care plan
should be discontinued. Anticonvulsants are generally maintained;

Drugs for common symptoms (including pain, dyspnea, nausea, delirium, anxi-
ety, and noisy respiratory secretions) should be prescribed according to an
agreed upon protocol. This ensures that needed medications are available for
comfort care at any time, without delay in obtaining an order.

Route of medication administration. We prefer the subcutaneous route for most
patients as it is safe, broadly feasible, and fairly no burdensome.

e Transdermal systems might not be helpful in the dying phase as absorption
might be reduced when circulation is centralized or patients are very cachec-
tic. In addition, the use of a transdermal administration approach may not be
optimal if dose changes are needed quickly.

e Medications whose injectable formulations can be absorbed by the buccal,
sublingual, and nasal routes include the opioids fentanyl, midazolam, loraz-
epam, ketamine, and methadone [92-97].

* Given that bioavailability will never exceed the IV route of administration, a
general guideline for buccal, sublingual, or nasal dosing is to start with the
recommended IV dose, and titrate to response.

* Rectal — With the increasing numbers of medications that can be given by SC
injection, transmucosally (buccal, sublingual, or nasal) and transdermally,
the rectal route is used less often.
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15.4.3.2 Pain and Dyspnea

Opioids are the mainstay of treating pain and dyspnea. We recommend a short act-
ing oral, usually morphine. Sustained release opioids, including morphine, oxyco-
done, and fentanyl may accumulate excessively.

15.4.3.3 Routine Administration of Oxygen

To patients who are near death is not supported by clinical evidence [98]. The use of
supplemental oxygen should ideally be restricted to dyspneic patients who are
hypoxemic. In this setting, oxygen masks are not generally recommended because
they are uncomfortable and interfere with patient communication and are more
restrictive.

15.4.3.4 Airway Secretions

Occur late in the dying process. Discontinuing non-essential IV fluids or enteral
feedings combined with positioning the patient on his or her side helps move the
secretions out of the airway [99].

15.4.4 Palliative Sedation

Palliative Sedation (PS) is an important and necessary tool in the management of a
small number of patients in whom the intentional reduction of a state of conscious-
ness is required to relieve one or more refractory symptoms or spiritual distress at
the end of life [100, 101] Patients with CaCu after a careful evaluation of a multi-
disciplinary team may require palliative sedation in cases of malignant obstruction,
terminal agitation, massive hemorrhage, or other refractory symptom.

15.4.5 Use of Antimicrobials at the End of Life

Infections and febrile episodes are among the most common acute complications
experienced by terminally ill patients, and they may represent a terminal event.
Antimicrobials are commonly prescribed to dying patients in the absence of clini-
cal symptoms to support bacterial infection [102]. The decision to treat infections
at the end of life must be individualized, and the approach taken should align with
the patient’s stated goals of care. Even if the decision is made not to pursue antibi-
otics, around the clock acetaminophen may be beneficial if the patient has rigors or
chills.
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15.4.6 Preparing the Family for the Dying Process

Patients and families are usually unaware of the changes that typically occur during
the last hours of life and the actual moment of death. Health care professionals
should explain the expected changes in cognition and physical function before they
occur in order to alleviate distress and prevent panic. This is particularly useful for
families planning a home death, or for those closely involved in institutional care.

15.4.7 When Death Occurs

In Mexico, regulations require that a physician pronounce death and complete a
death certificate. Different procedures are used in other countries. For patients who
die in the hospital, the death certificate is provided by the physician.

15.5 Conclusions

The use of aggressive treatments in patients with advanced CaCu at the endo of life
is frequent. Different studies have suggested no appreciable difference in survival
between patients treated aggressively versus those that received palliative care.
Similarly, patients without palliative care may have had more uncontrolled symp-
toms and possibly are more likely to have regular clinic visits and visits to the emer-
gency departments.

Increased awareness of palliative care services with referral for these services
may have an economic impact as a large amount medical spending is used for end-
of-life care, and of paramount importance an improvement in quality of life and
death in these patients.
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Chapter 16
Special Conditions and Follow-Up in Cervical
Cancer
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Abstract The present chapter reviews cervical cancer (CC) management in condi-
tions of various co-morbidities and provides general guidelines for the proper fol-
low-up of patients. We address the most common special management conditions:
renal insufficiency, senility, fragility, AIDS, and pregnancy.

Renal insufficiency and obstruction require patient management to be further
adjusted compared to cases with a neoplasia only. The general population is living
longer, thus producing a considerable increase in the prevalence of chronic degen-
erative diseases, such as diabetes, hypertension, and metabolic syndrome. Therefore,
we are facing more cases with co-morbidities, which necessitates rethinking thera-
peutic options.

Both geriatric and non-geriatric patients with CC present with morbidities and con-
ditions that limit the use of cisplatin chemotherapy, which is the standard treatment.
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Other equally relevant challenges in treating patients with CC include AIDS and
pregnancy; here, we aim to elucidate general principles that can orient patient man-
agement in these unique situations.

Finally, we focus on describing the ideal time of and requirements for adequate
follow-up and reincorporation into daily life.

Keywords Cervical cancer (CC) ¢ Renal insufficiency ¢ Fragility-CC ¢ AIDS-CC
Pregnancy-CC ¢ Follow-up in CC

16.1 Cervical Cancer in Special Situations

16.1.1 Cervical Cancer in Patients with Renoureteral
Obstruction

Patients with bilateral ureteral obstruction and uremia secondary to CC metastasis
pose a considerable challenge for specialists. For the sake of therapeutic purposes,
patients are divided in two subgroups: (1) those that have not received radiotherapy;
and (2) those that present with recurrent disease after pelvic radiotherapy [1].

In the second group, a small percentage of patients present with bilateral reno-
ureteral obstruction as a sequela of radiotherapy without evidence of tumoral dis-
ease; identifying these patients is of vital importance because they are potentially
curable.

In patients who present with a bilateral ureteral obstruction due to untreated CC
or those with recurrent pelvic involvement after surgical intervention, a urinary
diversion must be seriously considered and then followed by radiotherapy. Few
patients fall into this category of complications, but it is a real issue that must be
addressed.

A ureteral obstruction is a sudden block in one or both ureters; pressure increases
inside the urinary system upstream of the obstruction and is transmitted to renal
tubules until it nears the filtration pressure values. Glomerular filtration does not
decrease to zero because some of the tubular liquid is reabsorbed, and this allows
the tubule to admit a volume equal to the glomerular filtrate. In advanced disease,
functional and anatomical changes occur that eventually lead to total destruction of
functional renal mass. Finally, infections can increase renal damage under condi-
tions of any obstruction and can cause pyonephrosis, which is dilation of the pelvis
and calyces that is usually caused by ureteropelvic or ureterovesical obstructions
(hydronephrosis); such infection-related complications are associated with the for-
mation of purulent liquid and total destruction of functional renal mass. Immediately
after a ureteral obstruction occurs, vasodilation promotes an increase in renal blood
flux that persists for 3—4 h. Then, the blood flux gradually decreases over 5-6 h to
the level prior to the obstruction; at this point, renal vasoconstriction occurs and
progressively reduces blood flux during the subsequent 24-48 h to 20-30% of the
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control values. This vasoconstriction seems to be related to intrarenal prostaglandin
(PGN) production; blocking PGN synthesis with indomethacin prevents the vasodi-
lation that follows a ureteral obstruction. In summary, during the initial few hours of
the obstruction, the raise in intratubular pressure determines the drop in glomerular
filtration in spite of vasodilation and increased plasmatic flux secondary to the PGN
increase. When the obstruction persists for more than 2448 h, intratubular pressure
decreases to normal, but glomerular filtration remains low; at this stage, hydrostatic
pressure in the glomerular capillary is lower than normal, indicating an increase in
resistance caused by vasoconstriction of the afferent arteriole. Finally, ureteral
obstructions also decrease glomerular filtration by destroying the renal parenchyma,
which suppresses nephron function. This mechanism becomes more important for
prolonged obstructions but is present after the first 24 or 48 hours.

16.1.1.1 Tubular Alteration

For partial urinary obstructions, the inability to concentrate urine is manifested as
nephrogenic insipidus diabetes because it does not respond to vasopressin. These
findings suggest that the tubular defect is reversible. The inability to acidify urine is
another tubular alteration.

In such situations, bicarbonate reabsorption is increased in the proximal tubule
but is incomplete in the distal tubule. This leads to an abnormal increase in urinary
pH, which prevents the excretion of titratable acidity and drastically decreases
ammonium excretion. These changes necessarily limit net acid excretion and pro-
mote a positive hydrogen ion balance. After releasing the obstruction, abundant
diuresis can lead to massive loss of sodium, potassium, chlorine, and other solutes;
the magnitude of the post-obstructive diuresis is the extracellular volume immedi-
ately before the obstruction release. Usually, these patients have some degree of
renal insufficiency and sodium and water retention that cause variable expansion
of the extracellular volume. This extracellular expansion activates natriuretic fac-
tors that increase when the blockage is released, and glomerular filtration
intensifies.

16.1.1.2 Vasopressin Suppression and Consequential Tubular Resistance

The excretion of retained water and electrolytes enables the pre-existing extracel-
lular expansion to be corrected and undoubtedly constitutes the most important
post-obstructive polyuria mechanism. However, an increase in tubular phosphate
reabsorption in the affected kidney during the post-obstructive period after unilat-
eral occlusions has been observed in humans. The signs and symptoms of obstruc-
tive nephropathy are often limited or nonspecific. Clinical anomalies can manifest
as impaired renal function or symptoms related to an associated urinary infection,
and some appear as extrarenal manifestations of other pathologic processes, local
metastases, or distant metastases [2].
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16.1.1.3 Hypertension and Urinary Obstruction

The presence of acute or chronic unilateral or bilateral hydronephrosis is often
accompanied with a significant rise in arterial pressure. Hypertension can be coin-
cidental or caused by renal damage due to the inability of the kidney to excrete
sodium through abnormal renin release. Treatment of an obstructive uropathy com-
plicated by infection and generalized sepsis involves antibiotics and immediate
release of the obstruction.

A total urinary tract obstruction causes irreversible damage to the kidney. There
is only modest excretion at 6 weeks after the obstruction, and kidney function is
completely lost after 8 weeks.

Relieving the obstruction is undoubtedly the first step that must be taken; ini-
tially, the placement of anterograde ureteral devices is preferred (J stent) before
initiating radiotherapy.

The obstruction can also be resolved through nephrostomy (surgical or percuta-
neous), but the associated complications and morbidities are higher than those for
the Double J stent, and there is a decrease in patient quality of life [3].

For Double J stents, the prevalence of complications, such as infection, the for-
mation of kidney stones, or recurrent obstruction, increases with time. Stent replace-
ment is mandatory for these reasons; the ideal replacement interval is between 2 and
4 months. Different techniques, including cystoscope- and fluoroscope-based strate-
gies, have been described for performing this task [4].

The treatment of patients with bilateral renal obstructions who have received
ideal-dose radiotherapy is more complicated. Less than 5% of these patients present
with obstructions due to radiotherapy-induced fibrosis; nevertheless, one should try
to resolve obstructions because these patients can potentially be cured. It is impor-
tant to detect this pathological condition as soon as possible, before renal damage
becomes irreversible [1].

In cases of recurrent obstructions, the decision process for releasing one urinary
tract becomes complex and, in some occasions, even philosophical because many
studies have suggested that a urinary diversion does not provide a substantial increase
in survival and, unfortunately, increases the incidence of complications that hinder
quality of life. Hence, in each disease scenario, patients who are candidates for urinary
diversion must be carefully selected after considering the wishes of the patient and her
family, as there is a risk of dying with each option: uremic syndrome versus increased
bleeding, pain, infection, fistulae and a higher number of hospitalizations [5].

16.1.2 Cervical Cancer in Geriatric Patients

There are two emerging problems in health care: an increase in the geriatric popula-
tion and an increase in the frequency of diseases such as diabetes mellitus and sys-
temic arterial hypertension. These issues add an extra variable to the management
of patients with CC; there are populations of geriatric CC patients with or without
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co-morbidities and of non-geriatric patients who present with co-morbidities; in
both conditions, the use of standard cisplatin chemotherapy is limited. Such demo-
graphic changes will necessitate modifying the therapeutic approach.

16.1.2.1 The Geriatric Patient

Geriatric patients are 65 years or older; senescence-related biological changes start to
become evident between 65 and 70 years of age. Geriatric fragile patients meet one
of the following criteria: older than 80 years, lives alone, recently lost her partner,
chronic pathology (cerebrovascular disease, ischemic cardiopathy, Parkinson’s dis-
ease, arthrosis or advanced osteoarticular disease, important auditory or visual defi-
cits, falls, polypharmacy, hospitalization during the last year, dementia, depression or
other cognitive hindrance, and economic deficiency), or an insufficient support net-
work [6]. These situations create a challenge for the already-complex process of CC
treatment; patients with CC that meet the fragility criteria are not candidates for stan-
dard treatment [7, 8]. This problem is not properly addressed, and there is a tendency
to minimize it. Demographic transition caused by an increase in life expectancy
(fueled by sanitary improvement) is a global phenomenon. In the USA, the geriatric
population increased from 25 million in 1980 to 35 million in 2000, and it is esti-
mated to reach 72 million in 2030 [9]. In Latin America and the Caribbean, the popu-
lation of people older than 60 years grew three-fold, from 9,260,300 in 1950 to
41,290,200 in 2000; the UN estimates indicate that in 2050, there will be 181,218,000
persons older than 60 years, and 18% of these persons will be older than 80 [10].
Cancer is generally considered a disease of ageing. Ershler used experimental sys-
tems to show that the same number of Lewis carcinoma or B16 melanoma cells pro-
duced more metastases and shorter survival in young compared to elderly mice [8].
These data may indicate that tumors are less aggressive in older organisms, although
it is important to underscore that in humans, cancer prognosis can either improve or
worsen based on patient age [8]. In the case of geriatric patients, additional prognoses
represent another important factor because they can affect systems such as hepatic
and renal physiology; these changes have a general impact on pharmacokinetics and
pharmacodynamics, which could lead to increased toxicity from chemotherapy.

16.1.3 Cervical Cancer in Fragile Patients

The fragile patient concept (not to be confused with the geriatric fragile patient) is
emerging, and the definition that we propose is a non-geriatric patient with an asso-
ciated co-morbidity that prevents the use of standard anti-tumor therapy. Diabetes
mellitus and systemic arterial hypertension are the main causes of general organ or
renal functional deterioration. Between 20% and 30% of diabetic patients develop
nephropathy 7-10 years after initial diagnosis [11]. Both diabetic and hypertensive
nephropathies have a considerable impact on decreased glomerular function, which
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leads to renal failure [12]. Hence, there is a need to focus on decreasing factors that
accelerate renal damage. In fact, locally advanced CC can produce obstructive
nephropathy.

Few studies have been performed in geriatric and fragile patients, and these popu-
lations are automatically excluded from large clinical trials. However, they are often
encountered in everyday clinical practice. At the National Cancer Institute of Mexico,
there has been an effort to develop a systemic and orderly approach for the manage-
ment of these patients, including those with locally advanced CC or metastatic dis-
ease. One of the first such studies was published in 2004; this study included new
patients with stage IIIB and IVA CC with obstructive nephropathy that placed them
in the fragile condition category. These patients were treated with radiotherapy and
gemcitabine as a radiosensitizer [13]. Radiotherapy-associated carboplatin was also
evaluated. Fifty-nine patients with stage IB2-IIIB disease, including geriatric patients
and those with co-morbidities, were included. The treatment regimen was well toler-
ated, with minimal toxicity (grades 3—4); nonetheless, although responses were
observed, the gemcitabine and carboplatin patient groups were not compared to a
control group, and thus, the results are inconclusive [14]. Another recently published
study compared cisplatin with oral vinorelbine [15] in a cohort that included geriat-
ric patients and those with co-morbidities. In total, 40 patients with locally advanced
uterine CC were included. Oral vinorelbine was well tolerated, and cisplatin can also
be safely administered to this patient population. Although there was less toxicity in
the vinorelbine group, a larger cohort is required to confirm these results [15].

We can conclude that geriatric, fragile geriatric, and fragile patients with CC
must not be excluded from receiving the benefits of chemoradiotherapy for the
treatment of locally advanced disease or of systemic chemotherapy for the treatment
of metastatic disease. Here, we have described some treatment alternatives that,
when supported by exploratory studies, have proven feasible and applicable.

16.1.4 Cervical Cancer in Patients with Aids

Cervical Cancer was identified as an AIDS-associated disease in 1993 [16].
Fortunately, the incidence of this disease is low among women infected with HIV:
although the prevalence of intraepithelial lesions (IEL) and intraepithelial cervical
neoplasia (ICN) is low, the prevalence of HIV infection in cancer patients is 1.2%,
which is higher than the 0.1% prevalence among cancer-free patients. Thus, the
USA guidelines recommend routine HIV testing in patients with cancer [17].

CC is an important AIDS-related disease, and it is possible that the malignant
processes related to CC are upregulated or aberrantly activated in this patient popu-
lation, especially in areas with a high prevalence of human papilloma virus (HPV)
infection [18].
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HPV infection progresses to advanced stage ICN in 14% of cases, and chronic
infections can lead to CC [19]. Currently, studies in women with HIV/AIDS have
revealed that cytology is not sensitive enough to diagnose CC because of the high
rate of false negatives. Thus, some authors concluded that this test is not sufficiently
useful and proposed that colposcopy is a more accurate procedure [18, 20].

HIV-positive women are more prone to suffer from certain conditions, including
bacterial vaginosis caused by Gardnerella vaginalis, Mobiluncus, Bacteroides,
Mycoplasma hominis, Ureaplasma parvum, or Ureaplasma urealyticum. Women
diagnosed with bacterial vaginosis by either Nugent’s or Amsel’s criteria must
undergo further diagnostic microbiological exams to enable adequate treatment,
which will help prevent future genital tract diseases [21].

Currently, we have a theory that links bacterial vaginosis to the development of
cervical dysplasia and, ultimately, to CC. Many anaerobic bacterial species (which
constitute one of the factors that cause infection) produce nitrosamines, which are
potent human carcinogens that cause cervical damage. In one of three patients, an
intermediate vaginal flora is observed according to Nugent’s criteria, with evidence
of a decrease in lactobacilli, which play a fundamental role in vaginal flora mainte-
nance. This condition renders patients more susceptible to bacterial vaginosis or
vaginitis caused by fungi, parasites, or other types of bacteria. The multidisciplinary
team that evaluates these patients must perform complete gynecological exams that
include vaginal exudate, cytology, and colposcopy in order to prevent CC or to
detect it in the earliest possible stages.

Among the main treatment recommendations are the following:

e For all HIV-infected women, cervical surveillance must be performed in close
collaboration with the team monitoring and controlling the HIV infection (level
of evidence 1B). An initial colposcopy and annual cytology should be performed
if resources permit (level of evidence 2C).

* We recommend subsequent colposcopy for cytological abnormalities, and the
age range recommended for screening should be the same as that for HIV-
negative women (level of evidence 1B).

*  We suggest that CIN 2/3 (HSIL) should be managed with standard treatment.
Lesions less advanced than CIN 2 should most likely not be treated according to
the CIN 2/3 recommendations, as these low-grade lesions represent persistent
HPYV infection of the cervix rather than a pre-malignant state (level of evidence
2B). Women with HIV and CIN 2/3 who are treated by excisional procedures
have a significantly higher treatment failure rate than HIV-negative women.
Numerous studies have shown that such relapses are less frequent in the presence
of HAART or higher CD4 cell counts or in cases with an undetectable viral load.
Multidisciplinary management of such women is thus recommended.

*  We recommend that women with HIV and invasive CC be managed in the same
way as HIV-negative women according to international guidelines, again within
a multidisciplinary team framework (level of evidence 1B) [22].
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16.1.5 Pregnant Patients with Cervical Cancer

CC is one of the most common tumors in women of fertile age. Therefore, it is not
surprising to find an association between this neoplasia and pregnancy. The coexis-
tence of both conditions does not worsen the tumor prognosis; however, a multidis-
ciplinary, specialized team is required to ensure the best oncologic result and safety
of the fetus. The therapeutic strategy depends on clinical stage, tumor size, nodal
status, histologic subtype, and the desire and potential to preserve the pregnancy.
Radiotherapy is prohibited throughout the entire pregnancy.

Abnormal cervical cytology is reported in approximately 5% of pregnancies. CC
and pregnancy co-occur at an incidence of 1 in 10,000 women. According to the
literature, more than 70% of the cases reported in developed countries are stage
I. Conversely, in developing countries, most patients have advanced stage disease at
initial diagnosis. Treatment is challenging because it requires the participation of a
multidisciplinary team that must consider clinical stage, tumor size, nodal status,
gestational age, and the will to preserve the pregnancy as fundamental elements in
therapeutic decisions, while striving for the best results for both mother (in terms of
oncology) and fetus. Treatment options are usually divided according to gestational
age (before or after 20 weeks gestation) [23-25].

16.1.5.1 Screening During Pregnancy

Cervical cytology screening is a routine part of prenatal management. Most cases
are detected after 20 weeks gestation. When a high-grade intraepithelial lesion (ICN
2-3) or an invasive cancer is detected, a confirmation biopsy must be taken. A cervi-
cal cone can be performed if the biopsy is insufficient. It is recommended that this
procedure be performed between 14 and 20 weeks gestation, taking into consider-
ation the main complications: hemorrhage (10%), infection (5%), fetal death (5%),
and preterm birth (15%) [26].

Staging FIGO staging is based on clinical findings. Conclusions from imaging
studies must account for the secondary effects of radiation and contrast medium.
Thorax postero-anterior teleradiography is recommended beginning with stage IB1,
with universal safety measures, such as abdominal protection. In cases of advanced
disease (even suspected cases), an abdominal MRI can be performed, which has
88% sensitivity and 91% specificity. The use of tomography and PET/CT is contra-
indicated. When CC is diagnosed near the end of pregnancy or in women harboring
tumors larger than 4 cm or with positive pelvic nodes, cesarean delivery is recom-
mended, along with surgical sampling of the pelvic and para-aortic nodes. In the
most aggressive histologic subtypes, such as small cell CC, pregnancy preservation
is generally not recommended [27].

Stage IA1 Diagnosis is performed through cervical conization. The use of a cold
knife cone is preferred, and this procedure should be performed in the second tri-
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mester of pregnancy; under such conditions, less than 10% fetal loss is expected. If
the margins are negative, clinical surveillance and colposcopy during each trimester
are recommended. If the margin is positive, clinical surveillance must be strictly
performed along with colposcopy each trimester; additional excisions or hysterec-
tomy will be considered 6—8 weeks after pregnancy resolution [24].

Stages IA2 and IB1 The therapeutic decision is based on nodal status, gestational
age, patient preference, and the skills of the treating team. MRI and laparoscopic
lymphadenectomy may be performed between 18 and 22 weeks gestation. If the
presence of nodal disease is not demonstrated, the pregnancy can continue, and
treatment can be postponed under close surveillance. Trachelectomy is an option for
women who want to preserve fertility; however, this process must be performed in
highly specialized centers because it has been associated with fetal loss. Pregnancy
termination can be considered if CC is diagnosed in the first trimester or if there is
nodal involvement. Paclitaxel based induction therapies are an option, in case of the
pregnancy is in first two trimesters, and the tumors are not larger than 4 cm, carbo-
platin or cisplatin they are not approved [28, 29].

Stages IB2 through IV It is convenient to determine the para-aortic nodal status
by MRI. As with the other scenarios, the treatment plan must be individualized.
Paclitaxel and cisplatin/carboplatin neoadjuvant chemotherapy is recommended
after second trimesters, when there is desire to preserve the pregnancy, and concur-
rent chemoradiotherapy can be administered 6—8 weeks after pregnancy resolution.
Carboplatin is preferred based on a better toxicity profile: it has a higher upper
safety limit of 800 mg. Neoadjuvant chemotherapy helps reduce tumor size and
control micrometastases. The gestational period that is the most vulnerable to che-
motherapy and radiotherapy is organogenesis, from 10 days to 8 weeks gestation;
the risks include major malformations, spontaneous abortion, and embryonic death
in up to 20% of cases. During the second trimester, malformations such as growth
retardation, preterm birth, and transitory myelosuppression are less severe. During
the first trimester, the risk of fetal malformation after in utero exposure is 5—15% for
combination treatments and 10% for monotherapy; the rate drops to 1.3% in the
second trimester, which is similar to the rate of 3% in the general population. There
are reports of spontaneous abortions after 40 Gy of treatment, or 3 weeks from the
beginning of radiotherapy, in patients at less than 12 weeks gestation who were
treated with chemoradiotherapy. Targeted therapy is not recommended during preg-
nancy because there is no previous experience [30, 31].

Supportive therapy Usually, supportive therapy can be provided according to
general recommendations. Regarding steroids, methylprednisolone and hydrocorti-
sone are preferred because they are metabolized in the placenta. In animal models,
repeated use of dexamethasone/betamethasone resulted in decreased body and brain
weight, growth retardation, and hormonal anomalies; in utero exposure to these
drugs is thought to be related to cerebral palsy and attention problems. Colony-
stimulating and erythropoiesis-stimulating factors have been used without compli-
cations in pregnant women. Table 16.1 shows the fetal safety profile of the most
frequently used supportive drugs [32, 33].
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Table 16.1 Supportive drugs and their fetal safety profile

Drug Fetal safety

Antiemetics

Metoclopramide Can be used throughout the entire pregnancy

4HT antagonists Do not avoid. Animal models suggest low risk. Has been used to
effectively control nausea without adverse effects

NK1 antagonists Do not avoid. Animal models suggest low risk

Steroids Can be used during the first trimester. Prednisolone and hydrocortisone

are preferred

Growth factors

Filgrastim Do not avoid. Crosses placenta into the fetus

Erythropoietin Do not avoid. Most likely does not cross the placenta into the fetus
Analgesics

Paracetamol Preferably dosed at no more than 4 g/day

NSAIDs Can be used from gestational weeks 12 through 32

Pregnancy resolution Vaginal birth has been associated with a higher risk of CC
recurrence; therefore, delivery by cesarean section is recommended. One of seven
(14%) women with CC who had a cesarean section experienced disease recurrence,
while ten of seventeen (59%) who gave birth vaginally had distant metastasis [34].

CC in reproductive-age patients Up to 15% of women diagnosed with CC are
less than 40 years old. Some are diagnosed during pregnancy prior to bearing the
desired number of children. Patients diagnosed with stage IA1 disease without lym-
phovascular invasion but with negative margins can be treated with conization.
Radical vaginal trachelectomy with laparoscopic lymphadenectomy is the most
accepted procedure when attempting to preserve fertility, with 700 case reports of
250 pregnancies and 100 live births [35, 36].

16.2 Follow-Up

Historically, the main objective of follow-up for cancer patients has been to detect
recurrence at an early stage; nevertheless, after a cancer diagnosis, patients face a
series of challenges in different aspects of their life, including physical, psychoso-
cial, spiritual, and existential issues. Furthermore, patients must cope with loss of
economic income, inability to continue schooling or a job, hindrances in personal
development, and lifestyle changes regarding societal, familial, and partner rela-
tionships. Some of the changes related to the disease or its treatment are transitory
(e.g., loss of hair, nausea, and fatigue), while others are irreversible, such as infertil-
ity and late secondary effects, including cardiac toxicity, neuropathy and cognitive
deterioration [37].

These patients frequently face the challenge of restarting their sexual life and
rebuilding their life as a partner. For these reasons, CC patients, as well as all other
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cancer survivors, face different degrees of transitory or permanent anxiety and
stress. For most patients, their biggest fear is related to the risk of recurrence [38].

Symptoms related to the treatment are also common once the treatment period
ends. During this phase, anguish, insomnia, or depression often occur; patients suf-
fering from these syndromes may need special psychological support. Most surgical
treatments for CC do not affect sexual function. However, patients consciously or
unconsciously perceive changes in their femininity because of treatment conse-
quences or emotional conditions, causing meaningful changes in sexual perfor-
mance. Radiotherapy can weaken the lining of the bladder, rectum or vagina, thus
causing consequential, yet usually reversible, problems with urination, defecation,
and sexual intercourse. Nonetheless, lack of open-mindedness on the part of the
patient and the physician because of sociocultural issues leaves these problems
unresolved.

Other typical effects of chemotherapy, such as memory disorders, difficulty con-
centrating, and fatigue, disappear within months.

16.2.1 Medical Follow-Up

After treatment is concluded, specialists propose a follow-up plan consisting of
periodic consultations as detailed below.

The detection of possible tumor recurrence: The frequency and methodology of
tumor surveillance is dependent on the initial clinical stage and the adequacy of the
treatment provided for the patient’s clinical condition. Other relevant aspects include
histology and histological grade.

In general terms, for a previously treated clinical stage 0 patient with 3 sequential
tests that yielded normal results within 2 years, the risk of CC recurrence is the same
as the risk of primary CC in a healthy woman. After 2 years, these women can
follow the regular surveillance scheme for healthy women (Papanicolaou test every
3 years).

In patients with more advanced stage disease, the recommendation is to perform
clinical and gynecological exams (including Papanicolaou tests) at a 3-month peri-
odicity during the first 2 years, a 6-month periodicity during the next 3 years, and
yearly thereafter.

In previously treated patients with advanced stage disease, medical history
should be periodically reviewed along with symptomatic consultations and physical
examinations, and further exams should be performed whenever an anomaly is
found. Moreover, the adverse effects of the treatment must be evaluated and
addressed, and psychological support should be provided to help the patient return
to her normal daily life.

Recurrences can be local, regional or distant. Based on our current knowledge,
there are no specific recommendations for reducing the risk of recurrence after con-
cluding treatment. Both the disease itself and the adverse effects of treatment can
make it difficult to return to normal daily life.
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16.2.2 Recurrent CC

The risk of recurrence is 70% in the first 2-3 years after diagnosis for cases of
locally advanced disease; this probability decreases continuously thereafter, but it
never reaches zero. Recurrences have been reported 13, and even 30, years after
initial diagnosis.

16.3 General Recommendations

16.3.1 Proper Follow-Up After the End of Treatment

The main objective of follow-up in patients who have already completed or are still
receiving adjuvant therapy is to detect recurrences early in order to initiate adequate
and timely treatment. Table 16.2 describes the internationally accepted recommen-
dations for these patients and their periodicity: orientation and education about the
signs and symptoms of recurrence. Self-examinations, physical examinations by an
oncologist, cytology, imaging, and pertinent laboratory tests. There are numerous
diagnostic resources, but not all have demonstrated value.

An oncologist cannot see metastases and current imaging and laboratory tests are
unable to diagnose a recurrence, according to international consensus. Tumor mark-
ers, thorax radiography, tomography, nuclear medicine studies and PET/CT are not
recommended as a first option but are indicated in specific circumstances and as

secondary options.

Table 16.2 Recommendations for patient follow-up

Procedure

Frequency

Patient orientation about signs and symptoms of recurrence

At the end of the initial treatment

Physical examination by an oncologist or a gynecologic
oncologist

Every 3 months during the first
2 years

Every 6 months from years 3-5

Annually beginning in year 5

Tomography, bone scintigraphy, PET, PET/CT or MRI

Only when symptoms are present

Laboratory tests: complete blood count, blood chemistry,
creatinine, blood urea nitrogen and LFT

Only when recurrence is
suspected

Tumor markers

Not recommended

Scrutiny for other neoplasias, such as endometrial, ovarian
or colon cancer

Annually

Patient education regarding symptoms of potential
recurrence, lifestyle, obesity, exercise, smoking cessation
and nutrition counseling

After treatment and every 3 or
4 months as necessary

Patient education regarding sexual health, vaginal dilator
use, and vaginal lubricants/moisturizers (e.g., estrogen
creams)

After treatment and every 3 or
4 months as necessary
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Signs and symptoms of recurrent cervical cancer are described in Table 16.3.

In the case of a documented recurrence with a confirmatory biopsy, meticulous
physical examinations and restaging are necessary based on the laboratory and
imaging findings and the symptoms.

Classifying the disease as local or disseminated will enable the clinical to estab-
lish the scope of the treatment.

In CC, the treatment objectives are as follows:

— Prolong progression-free survival and overall survival;
— Palliate the symptoms;
— Maintain a proper quality of life and a good functional state.

To achieve such objectives, the best therapeutic strategy must be chosen after
considering the tumor biology and clinical factors and the unique characteristics of
each patient, such as the following:

— Patient age

— Symptoms

— Functional state

— Concomitant diseases

— Disease-free interval

— Disease aggressiveness

— Number, localization, and volume of metastases
— Previous treatment and associated response

— Patient preferences

In cases of recurrent disease, other additional factors must be evaluated, such as
the patient’s support network, her family, economic resources, and medical ser-
vices. Clinicians rely on these important factors to orient the patient and her rela-
tives and friends to ensure the best possible care while taking into account the
emotional, spiritual and social support structures. It is important to remember that
children in the family may be extremely worried about their mother’s disease and
may require additional attention to help them cope with the situation.

Table 16.3 Signs and symptoms of recurrent cervical cancer

Weight loss
Leg edema

Pelvic and/or thigh-buttock pain

Serosanguineous vaginal discharge

Progressive ureteral obstruction

Supraclavicular lymph node enlargement

Cough

Hemoptysis

Chest pain

Lumbar pain
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16.4 Conclusions

Considering the unique circumstances of each woman with CC, it is fundamental to
provide established treatment based on clinical stage, but with specific adjustments,
to best influence symptomatic improvement and overall survival. The oncologists
who attend to patients suffering from this pathology know that the cancer, co-
morbidity factors, and sociocultural limitations continuously faced by these patients
must be addressed in unison.

Medical follow-up must be continuously reinforced with educational, psycho-
logical, emotional and sexual support in order to enable a patient to recover her
regular sexual, familial, social, and professional life.

CC is detectable in the early phase and is currently preventable through the appli-
cation of vaccines and a non-promiscuous sexual code of conduct. Thus, efforts
must be tireless in eradicating this pathology during the premalignant phases.
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