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Preface

Recent advances in medical treatment have dramatically changed our approach to many forms of cancer. Nowhere
is this more apparent than in our approach to patients with cancer of the spinal column. A scant 30 years ago, spinal
tumors were considered largely untreatable. Tumor resection was considered futile, if not mutilating, and radiotherapy
was limited in dose and approach to what the spinal cord could bear. Diagnosis often came late, when treatment could
only be brought to bear on the sequelae of tumor growth—spinal cord compression and mechanical instability and pain.
The seemingly inevitable progression from spinal metastasis to fracture, intractable pain, cord compression, and paresis
left the patient bedridden, malnourished, and narcotized, and easy prey for the bedsores, pneumonia, or urinary tract
infections that would eventually take their lives. Even today many physicians quietly consider the appearance of a spinal
metastasis to be the death knell for their patients with carcinoma.

Early diagnosis, improved screening, and better follow-up screening of those with known primary disease have
improved our ability to recognize spinal tumors at an early and more manageable stage. Advances in imaging technology
and histological techniques have improved diagnostic accuracy and reduced the need for more invasive techniques that
carry greater cost, morbidity, and discomfort for the patient.

Although advances in chemotherapeutic and medical management regimens have improved long-term survival and
cure rates for patients with many forms of cancer, advances in supportive medical care have reduced the impact of many
attendant systemic problems that rendered patients “too sick” for aggressive therapy or surgery. Improved perioperative and
intra-operative management now allows us to accomplish radical resection of spinal tumors considered inoperable just
a decade ago.

Advances in radiotherapeutic modalities have simultaneously improved the efficacy of tumor treatment while
reducing the collateral damage inherent in approaches of the past. The ability to focus therapy on the tumor itself reduces
the risk of injury to the spinal cord and to the overlying skin, permitting more aggressive therapy with a lower
complication rate. Newer therapeutic modalities such as brachytherapy and intra-operative radiotherapy allow us to
precisely boost radiation doses to tumor foci without causing damage to the sensitive structures nearby.

Improvements in surgical technique have resulted in better survival and cure rates for patients with both primary and
metastatic lesions. Prolonged bed rest, necessitated by surgical resection and spinal cord decompression, is largely a
thing of the past. Advances in surgical technique, and a quantum leap in spinal instrumentation, now allow surgeons
to radically resect lesions at any level of the spinal column with the full expectation that the patient will be up and out
of bed within days of surgery. Rapid return to function and independence, combined with more reliable pain relief,
makes surgical care a reasonable consideration for many patients previously thought beyond help. New, minimally
invasive surgical techniques can provide dramatic pain relief, with greatly reduced morbidity, in even the sickest patients.

Advances in end-of-life care cannot be overlooked either. Patients with cancer fear pain and loss of independence.
Improvements in medical pain management allow patients to function independently despite advanced disease, with
less impairment of mental function.

More than ever before, care of the patient with cancer of the spinal column requires interdisciplinary cooperation and
coordination. Injudicious use of one modality, even in terms of timing, can make it difficult or impossible to safely apply
other treatment options in a given patient. A multidisciplinary team, with a broad perspective as to the relative value
and risk associated with the many treatment options now available, has the best chance for coordinating care of these
challenging patients so that treatment effect is maximized and complications and injury are avoided. Fortunately, the
growing recognition that there is much to be gained—that these patients will benefit from an aggressive, coordinated
approach to cancer management—has spurred greater interest in their care and the collaboration needed to provide that care.

The goal of Cancer in the Spine: Comprehensive Care is to provide an overview of the many disciplines involved
in caring for patients with cancer of the spine, and to provide some guidance as to how these different modalities may
be combined to provide the most effective treatment for today’s patients. Although the chapters that follow are rich in
technical descriptions and survival data, care and compassion remain the fundamental properties that any physician
must bring to these cases. No patient is “too sick” to be helped. There is no such thing as “benign neglect.” Sometimes,
in the end, all we can offer is to be there, and sometimes, that is what our patients need the most.

Robert F. McLain, MD
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1 Cancer of the Spine
How Big Is the Problem?

KAI-UWE LEWANDROWSKI, MD,  GORDON R. BELL, MD,
AND ROBERT F. MCLAIN, MD
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1. US CANCER STATISTICS

For the second consecutive year, the Centers for Disease
Control and Prevention (CDC) and the National Cancer Insti-
tute have released an annual US Cancer Statistics report (1).
Published in collaboration with the North American Associa-
tion of Central Cancer Registries, this report provides detailed
information on cancer incidence, surveillance, epidemiology,
and end results for 66 selected primary cancer sites and subsites
for males (Table 1), 70 selected primary cancer sites and
subsites for females (Table 2), and for all cancer sites combined
(Figs. 1 and 2). In addition, these data have been analyzed with
regard to geographic area, race, sex, and age (Table 3). Accord-
ing to the CDC and National Cancer Institute, 84% of the US
population is covered in the 2000 surveillance report (1).

2. FREQUENCY OF SPINAL TUMORS

As indicated by the 2000 CDC US Cancer Statistics (1), the
most common primary malignancies for men include prostate,
lung, and colon with the incidence ranging from 160.4 to 65.0
cases per 100,000. For women, the leading primary malignancy
is breast cancer followed by lung and colon cancer with the
incidence ranging from 128.9 to 47.0 cases per 100,000. By
comparison, spinal tumors are very rare. A review of data
obtained from the Leeds Tumor Registry revealed that only
2.8% of the 1950 cases had tumors in the spine, which can arise
from bone, cartilage, and rarely from other tissues (as is the
case with lipomas, meningiomas, and neurofibromas) (2). Pri-
mary bone tumors in the spine are extremely rare as well. Of the
2000 sarcomas arising in bone each year in the United States,

only 10% are found in the spine (3). In fact, the incidence of
primary tumors of the spine per 100,000 persons per year is
estimated as between 2.5 and 8.5 (3).

In comparison, the vast majority (95%) of the clinically rel-
evant spinal tumors are metastases (4). More than 60% of these
metastases arise from myelomas, lymphomas, or adenocarci-
nomas of the breast, lung, and prostate (Table 4) (5). Metastases
in the axial and appendicular skeleton are extremely common
and may be present in up to 70% of the patients with advanced
adenocarcinoma before death (4). With respect to breast can-
cer, this rate may be as high as 85% (5). These clinical obser-
vations are corroborated by autopsy studies, which showed that
metastases are present in nearly 80% of advanced-stage cancer
patients (6).

3. METASTATIC SPINE TUMORS:
AGE AND GENDER

Visceral or bony metastases should be expected in the ma-
jority of patients with advanced-stage disease at some point
during the course of their illness (7). This becomes particularly
apparent in patients older than 40 yr. As shown in Table 3, the
incidence of carcinomas, myelomas, and lymphoma is sharply
increased (8). In general, spinal metastases are considered a
preterminal event, which indicates that a cancer may no longer
be curable. In other words, regional disease has become a systemic
illness. Of the 18,000 patients in the United States diagnosed annu-
ally with vertebral metastases, men are disproportionately more
affected, with a male to female ratio of 3:2 (9).

4. LOCATION OF SPINAL METASTASES

The spinal column is the most common site of skeletal or
osseous metastases (10). Rates of metastatic spread to the spine



2 LEWANDROWSKI, BELL, AND MCLAIN

Table 1
Invasive Cancer Incidence Rates for the 15 Primary Sites With the Highest Age-Adjusted Incidence Rates

Within Race-Specific Categories

All races White Black Asian/Pacific Islander

1. Prostate 160.4 Prostate 150.5 Prostate 233.8 Prostate 86.2
2. Lung and bronchus 87.9 Lung and bronchus 86.8 Lung and bronchus 107.1 Lung and bronchus 54.6
3. Colon and rectum 65.0 Colon and rectum 64.5 Colon and rectum 67.3 Colon and rectum 49.4
4. Urinary bladder 37.8 Urinary bladder 39.9 Oral cavity and pharynx 18.2 Stomach 20.0
5. Non-Hodgkin’s lymphoma 21.6 Non-Hodgkin’s lymphoma 22.0 Urinary bladder 17.4 Liver and IBD 19.0
6. Melanomas of the skin 19.4 Melanomas of the skin 21.0 Kidney and renal pelvis 17.1 Urinary bladder 14.9
7. Kidney and renal pelvis 16.4 Kidney and renal pelvis 16.4 Stomach 16.8 Non-Hodgkin’s lymphoma 14.5
8. Oral cavity and pharynx 15.7 Oral cavity and pharynx 15.3 Pancreas 15.4 Oral cavity and pharynx 11.2
9. Leukemias 14.5 Leukemias 14.9 Non-Hodgkin’s lymphoma 15.1 Pancreas 9.8

10. Pancreas 12.1 Pancreas 11.8 Esophagus 12.1 Kidney and renal pelvis 8.4
11. Stomach 10.5 Stomach 9.5 Larynx 12.0 Leukemias 8.3
12. Esophagus  8.5 Brain and ONS 8.2 Multiple myeloma 10.9 Esophagus 3.9
13. Larynx 7.8 Esophagus 8.2 Leukemias 10.5 Brain and ONS 3.5
14. Brain and ONS 7.7 Larynx 7.4 Liver and IBD 9.5 Multiple myeloma 3.3
15. Liver and IBD 7.4 Liver and IBD 6.5 Brain and ONS 4.5 Thyroid 3.3

Source: Center for Disease Control US Cancer Statistics, 2000 Incidence Report: Top 15 Cancer Sites.
US males by race, rates per 100,000.
ONS, other nervous system; IBD, interlobular bile ducts.

Table 2
Invasive Cancer Incidence Rates for the 15 Primary Sites With the Highest Age-Adjusted Incidence Rates

Within Race-Specific Categories

All races White Black Asian/Pacific Islander

1. Breast 128.9 Breast 131.4 Breast 108.3 Breast 77.9
2. Lung and bronchus 52.5 Lung and bronchus 53.8 Colon and rectum 51.9 Colon and rectum 33.8
3. Colon and rectum 47.0 Colon and rectum 46.2 Lung and bronchus 46.5 Lung and bronchus 26.0
4. Corpus and uterus, NOS 23.5 Corpus and uterus, NOS 24.2 Corpus and uterus, NOS 18.4 Corpus and uterus, NOS 13.7
5. Ovary 15.8 Ovary 16.4 Cervix uteri 12.9 Thyroid 11.9
6. Non-Hodgkin’s lymphoma 15.4 Non-Hodgkin’s lymphoma 15.8 Pancreas 12.6 Stomach 11.7
7. Melanomas of the skin 12.4 Melanomas of the skin 13.8 Ovary 10.5 Non-Hodgkin’s lymphoma 10.5
8. Thyroid 10.7 Thyroid 11.0 Non-Hodgkin’s lymphoma 10.3 Ovary 10.4
9. Urinary bladder 9.8 Urinary bladder 10.3 Stomach 8.8 Cervix uteri 8.7

10. Pancreas 9.5 Pancreas 9.1 Kidney and renal pelvis 8.6 Pancreas 8.6
11. Cervix uteri 9.2 Leukemias 8.9 Multiple myeloma 8.6 Liver and IBD 7.6
12. Leukemias 8.7 Cervix uteri 8.6 Leukemias 7.0 Oral cavity and pharynx 5.9
13. Kidney and renal pelvis 8.4 Kidney and renal pelvis 8.5 Thyroid 6.7 Leukemias 5.7
14. Oral cavity and pharynx 6.0 Oral cavity and pharynx 6.0 Urinary bladder 6.5 Urinary bladder 3.9
15. Brain and ONS 5.5 Brain and ONS 5.8 Oral cavity and pharynx 5.1 Kidney and renal pelvis 3.7

Source: Center for Disease Control United States Cancer Statistics, 2000 Incidence Report: Top 15 Cancer Sites.
US Females by race, rates per 100,000.
ONS, other nervous system.

vary widely according to the primary tumor of origin (Table 5).
However, autopsy studies indicated that vertebral metastases
increase in frequency in a caudal direction along the vertebral
column (11–14). This distribution appears to correlate with the
increasing volume of bone marrow within the vertebral bodies
from the cervical to the lumbar regions of the spine. For
example, breast cancer metastases account for nearly 54%
of all spine metastases among women (15). The most frequent
locations of tumors, in descending order, are the vertebrae
(85%), the paravertebral spaces (10–15%), the epidural space
(�5%), and intradural/intramedullary (16). As demonstrated
in a large series of 1585 patients with symptomatic epidural

deposits, the vast majority (70.3%) of lesions are located in the
thoracic and thoracolumbar spine, 21.6% in the lumbosacral
spine, and 8.1% in the cervical spine (17). More recently, it has
been suggested that as many as 20% of spinal metastases arise in
the cervical segments (16–18). Because 10 to 38% of patients
have metastases in multiple noncontiguous spine sites (7,18),
skip lesions in other areas of the spine should be suspected
particularly in patients with advanced-stage disease.

5. MAGNITUDE OF THE PROBLEM

Of the one million new cases of cancer diagnosed annually,
metastases will develop in two-thirds of the patients (11,20).



CHAPTER 1 / HOW BIG IS THE PROBLEM? 3

Fig. 1. Cancer incidence, males, all races, rate per 100,000. (Source:
CDC US Cancer Statistics, 2000 Incidence Report, Top 15 Cancer
Sites.)

Fig. 2. Cancer incidence, females, all races, rate per 100,000. (Source:
CDC US Cancer Statistics, 2000 Incidence Report, Top 15 Cancer
Sites.)

Table 3
Age-Specific Invasive Cancer Incidence Ratesa by Primary Site and Gender (All Races), United States: NPCR and SEER Registries

That Meet Quality Criteriab,c

Age at diagnosis Males Females

<1 22.8 (20.5–25.2) 23.0 (20.7–25.6)
1–4 20.9 (19.8–22.0) 17.9 (16.9–19.0)
5–9 12.3 (11.6–13.1) 9.6 (9.0–10.3)
10–14 12.1 (11.4–12.9) 11.2 (10.5–11.9)
15–19 20.9 (19.9–21.8) 19.3 (18.3–20.2)
20–24 30.2 (29.0–31.4) 33.8 (32.5–35.1)
25–29 44.5 (43.0–45.9) 60.4 (58.7–62.2)
30–34 62.2 (60.6–63.9) 99.2 (97.1–101.3)
35–39 88.0 (86.1–89.9) 161.7 (159.1–164.2)
40–44 146.3 (143.9–148.8) 269.6 (266.3–272.9)
45–49 273.3 (269.8–276.9) 408.7 (404.4–413.0)
50–54 532.0 (526.7–537.4) 589.7 (584.2–595.2)
55–59 965.1 (956.9–973.4) 819.0 (811.7–826.4)
60–64 1542.3 (1530.6–1554.1) 1080.2 (1070.9–1089.5)
65–69 2258.1 (2242.9–2273.5) 1358.4 (1347.5–1369.4)
70–74 2806.0 (2788.1–2824.1) 1612.3 (1600.3–1624.5)
75–79 3071.5 (3050.3–3092.9) 1799.3 (1785.7–1812.9)
80–84 3160.2 (3132.6–3188.0) 1926.5 (1909.9–1943.2)
85+ 3112.2 (3078.7–3146.0) 1809.3 (1793.0–1825.8)

Source: CDC United States Cancer Statistics, 2000 Incidence Report: Top 15 Cancer Sites.
aRates are per 100,000 persons.
bData are from selected statewide and metropolitan area cancer registries that meet the following data quality criteria: case ascertainment is at least 90%

complete; �97% of cases pass a standard set of computerized edits; �5% of cases were ascertained by death certificate only; �3% of cases are missing
information on sex; �5% of cases are missing information on race; �3% of cases are missing information on age. Rates cover approx 84% of the US
population.

cExcludes basal and squamous cell carcinomas of the skin except when these occur on the skin of the genital organs, and in situ cancers except urinary
bladder.

Data for specified races other than White and Black should be interpreted with caution.
NPCR, National Program of Cancer Registries; SEER, Surveillance Epidemiology and End Results.

Considering that 80% of these patients will be diagnosed with
spinal metastases during the course of their disease, it is esti-
mated that approx 500,000 patients will present with spinal
metastases each year. Thirty-six percent of spinal metastases
are asymptomatic and discovered incidentally (16). Symptom-
atic spinal cord involvement has been estimated to occur in

18,000 patients per year (21). With continued advances in the
treatment of primary disease and local recurrences, patients are
living longer and more frequently require treatment for symp-
tomatic distant metastases. Bearing in mind that detection
methods continue to improve, that patients survive longer, and
that our population is aging, it is anticipated that the prevalence
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Table 4
Prevalence and Prognosis of Metastatic Cancer

Percent of total Prevalence to bone Prevalence to spine
spine metastases in advanced disease in advanced disease Median survival

Primary tumor (2748 cases) (%) (%)  (mo) 5-yr survival (%)

Breasts 21 65–75 16.5–37 24 20
Prostate 7.5 65–90 9.2–15 40 25
Lung 14 30–45 12–15 <6 <5
Kidney 5.5 20–30 3–6.5 6 10
Gastrointestinal (carcinoid) 5 – 4.7 – –
Thyroid 2.5 60 4 48 40
Melanoma – 14–55 1–2 <6 <5

Reproduced with permission from ref. 26.

Table 5
Distribution of Metastases in the Spine

Barron White Constans Paillas Chade Kretschmer Baldini Dunn Klein Knollmann Brihaye
Primary tumor 1959 1971 1973 1973 1976 1979 1979 1980 1984 1984 1985 Total %

Cervical and 14 20 12 5 17 3 14 8 12 9 13 127 8.1
cervical thoracic

Thoracic and 83 186 87 50 108 90 83 75 116 74 163 1115 70.3
thoracic lumbar

Lumbar and sacral 30 20 30 5 46 12 42 42 21 69 42 343 21.6

Total: 127 226 129 60 171 105 139 104 197 109 218 1585

Reproduced with permission from ref. 27.

of symptomatic spinal metastases is likely to increase substan-
tially in the future, posing an ever growing challenge to the
spine surgeon (22).

6. THE CHALLENGE

The growing number of patients with metastatic processes
in the spine requires application of sound oncological prin-
ciples to reduce the morbidity and mortality associated with
biopsies and surgical interventions. Continued advances in
spinal instrumentation and perioperative supportive care are
expected to permit more aggressive and effective surgical treat-
ments, including the en-bloc removal of tumors. This will
require a close working relationship between the patient, the
oncologist, and the surgeon. A multidisciplinary oncology ser-
vice is key to providing more effective palliation for advanced-
stage cancer patients. Moreover, patient education is essential
to allow the patient to make better informed, appropriate
choices regarding his or her management.
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1. INTRODUCTION

Bone is a dynamic tissue that undergoes continuous remod-
eling. It goes through a balanced process that entails repeated
cycles of bone resorption coupled with synthesis of new bone
matrix (Fig. 1). These remodeling cycles are influenced by an
individual’s age, endocrine and nutritional status, and level of
physical activity. This ongoing tissue turnover is important for
meeting the often conflicting need of the skeleton to maintain
structural support for the body while also providing a source of
ions for mineral homeostasis. The maintenance of skeletal mass
in the face of continuous bone remodeling requires the coordi-
nated activities of osteoblasts and osteoclasts, the two cell types
responsible for skeletal matrix formation and resorption (1)
(Fig. 1). Advances in our understanding of the precise mecha-
nisms that control the cellular interactions and coupled activi-
ties of these two cell types have provided new insight into a
number of diseases affecting the skeleton. These disorders are
characterized by an imbalance of remodeling with subsequent
increase in bone resorption, decreased bone mass, and loss of
skeletal stability and integrity. This is particularly true for neo-
plastic diseases, in which a number of common human malig-
nancies have a propensity to spread to the skeleton, resulting in
significant morbidity and mortality from bone destruction (2).

1.1. METASTATIC DISEASE TO THE SKELETON
The strength and integrity of bone is dependent on the main-

tenance of this delicate balance between resorption and forma-
tion (3). Complex regulatory interactions exist between a
metastases and the host bone that disrupt this balance, facilitat-
ing dissemination and progression of certain types of tumors

within the skeleton. Increasingly, evidence suggests that in
order for tumors to successfully establish and grow in skeletal
tissues, tumor cells must be able to interfere with normal bone
cell function and indirectly tip the balance in favor of bone
resorption (4). Thus, it has become clear that in order for tumor
cells to form a metastatic deposit and grow in the skeleton, bone
resorption by osteoclasts must occur (5). Recent research has
provided new insights into osteoclast biology and the regula-
tory control of bone remodeling. This new knowledge has led
to an increase in our understanding of the interactions between
tumor cells and the bone microenvironment.

Tumor metastasis is the leading cause of death for patients
with cancer, and the skeletal system is one of the most common
sites to be affected by metastatic disease. However, not all
tumors share the same likelihood of dissemination to the skel-
eton. Of the cancers that spread to bone, carcinomas of the
breast and the prostate possess a special affinity, accounting for
more than 80% of all cases of metastatic skeletal disease (2).
Other tumors that frequently spread to the skeleton include
carcinomas of the lung, kidney, and thyroid (2). This special
osteotrophism or affinity to metastasize to bone involves char-
acteristics of these tumors that allow them to establish and grow
in bone, as well as unique features of the bone microenviron-
ment, which makes the skeleton a particularly congenial place
for these cells (6). More than 100 yr ago, Stephen Paget referred
to this as the “seed and soil” hypothesis, to explain the special
affinity of breast cancer for the “fertile soil” of the bone microen-
vironment (7).

1.2. CARCINOMA OF THE BREAST
Breast cancer is one of the most common malignancies in

women. Up to one-third of women with early stage breast can-
cer will eventually succumb to their disease and many of them
will have developed bone metastases during the course of their
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illness (8). A significant percentage (50–70%) of patients with
metastatic breast cancer will have skeletal involvement, con-
tributing significantly to their morbidity (9). In approx 50% of
these patients, bone will be the predominant site of metastatic
spread and in 20–25% of these patients the skeleton will be the
only site of metastasis (9). Approximately 80% of patients with
bone-limited disease at the time of diagnosis developed skel-
etal complications (bone pain, fracture, and hypercalcemia), as
will 60% of those with bone and visceral disease and 21% of
those with no bone disease (10).

1.3. CARCINOMA OF THE PROSTATE
Likewise, metastatic disease with bone loss and skeletal

complications is common in patients with carcinoma of the
prostate. Although relatively few patients will manifest bone
metastases at initial diagnosis, a significant portion of these men
will develop skeletal complications over the course of their
disease (11). One-third of patients will experience some adverse
skeletal manifestation, including vertebral collapse requiring
spinal orthosis, spinal cord compression, and pathological bone
fracture (12). Patients with high-grade tumors and those with
progressive disease have the highest risk for bone metastases
(11). The tumor will have spread to the skeleton in 85–100% of
patients who die of their disease (13).

To help explain the interactions between tumor cells that
metastasize to bone and the skeletal microenvironment, this
chapter first reviews the biology of normal bone remodeling
and some of the biological principles of metastasis. Some
intriguing animal model studies that have added immensely
to the understanding of this complex process are described.
Finally, some of the current strategies used to treat this devas-
tating complication of malignancy are briefly discussed.

2. THE BIOLOGY OF BONE REMODELING
Bone is a dynamic, metabolically active tissue throughout

life. After skeletal growth is complete, remodeling of both
cortical and trabecular bone is ongoing, and results in an annual
turnover of approx 10% of the adult skeleton (14). These bone-
remodeling cycles are both temporally and spatially “coupled”
and involve regulatory mechanisms that closely link the activi-
ties of these two cell types (Fig. 2). Bone resorption is, for the
most part, a unique function of the osteoclast (15), a specialized
multinucleated polykaryon, which is derived from the hemato-
poietic monocyte/macrophage lineage (16). The initial steps in
this temporal sequence involve the proliferation of immature
osteoclast precursors, differentiation into osteoclasts, matrix
adherence, formation of a specialized ruffled border between
the cell and the bone surface, and subsequent resorption (1).
The recognition and attachment of the osteoclast to bone matrix
is controlled by specific integrin binding (αvβ3) (17). Integrin
binding to the bone matrix signals the osteoclast to organize the
cytoskeleton leading to polarization of the cytoplasm and the
development of a specialized ruffled border that permits the
establishment of an isolated space adjacent to the underlying
bone surface (18). The osteoclast then resorbs bone by the pro-
duction of proteolytic enzymes and hydrogen ions, which are
exported into the localized environment under the ruffled bor-
der of the cell (19). A proton pump, similar to the vacuolar
ATPase in the intercalated cells of the kidney, pumps hydrogen
ions across the membrane of the cell, and lysosomal enzymes
are also released creating the optimal conditions for the degra-
dation of the matrix (19). The conclusion of bone resorption is

Fig. 2. The activities of the principal bone cells are highly regulated
and link to maintain skeletal homeostasis. The temporal sequence in
bone remodeling is initiated by osteoclastic bone resorption. The
systemic (hormonal) or local (growth factor and cytokine) signals that
activate bone resorption target the osteoblast/stromal cells, which
regulate the activity of osteoclasts in a paracrine fashion. Osteoclasts
are recruited from their hematopoietic/macrophage progenitors, to
differentiate, attach to sites of bone resorption and develop a special-
ized ruffled border that facilitates transport of protons and proteases
to degrade bone matrix. The microenvironment of the bone contains
a rich supply of mitogenic growth factors synthesized by osteoblasts
as part of the bone matrix, which are released by osteoclastic resorp-
tion. These osteoblast-derived growth factors funtion to regulate the
proliferation and differentiation of osteoprogenitor into active osteo-
blasts, which then synthesize new matrix to replace the bone lost
through resorption.

Fig. 1. Bone is a dynamic, metabolically active tissue. In order to
maintain structural support for the body while providing a source of
ions for mineral homeostasis, the skeleton must undergo continuous
remodeling. This is a balanced process that entails repeated cycles of
bone resorption by osteoclasts coupled with synthesis of new bone
matrix by osteoblasts. An individual’s age, endocrine and nutritional
status, and level of physical activity influence these remodeling
cycles. The maintenance of bone mass in the face of continuous bone
remodeling requires the coordinated balanced activities of osteoblasts
and osteoclasts in order to sustain the skeleton.
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most likely mediated by osteoclast apoptosis, however, the sig-
nals are still poorly understood. Drugs that inhibit bone resorp-
tion, such as bisphosphonates, induce osteoclast apoptosis,
therefore, the cessation of osteoclast activity may be as important
as their formation in the regulation of bone remodeling (20).

A large number of hormones, growth factors, inflammatory
mediators, and cytokines are all known to stimulate osteolytic
bone resorption through stimulation of osteoclast formation
and function (21). How such a diverse group of factors (e.g.,
parathyroid hormone [PTH], parathyroid hormone-related pro-
tein promoter [PTHrP], vitamin D3, interleukin [IL]-1, IL-6,
tumor necrosis factor [TNF], and prostaglandins) could all
mediate the same important biological process has remained a
mystery until recently, but this fact suggests some common
pathway (22–24). It has long been known that cells of the
osteoblastic lineage played an important paracrine role in the
regulation of osteoclast formation and function (25). In cell
culture studies, osteoclast formation from bone marrow requires
the addition of 1,25(OH)2 vitamin D3, and the presence of stro-
mal cells in the osteoblastic lineage that produce macrophage

colony-stimulating factor (M-CSF) as well as some other
biological activity that has been recently identified (25). This
activity has now been characterized with the discovery of
three new family members of the TNF ligand and receptor
signaling system, which have been shown to play a critical role
in the control and regulation of bone turnover (26–30). These
include the receptor activator of nuclear factor (NF)-κB ligand
(RANKL) (29,30), its receptor, (RANK) (27,31), and its decoy
receptor osteoprotegerin (OPG) (28,32). These three molecules
appear to be the molecular mediators of osteoclastogenesis and
provide a common pathway mediating the activation of bone
resorption and controlling physiological bone turnover (Fig. 3).

Most of the previously mentioned factors, which stimulate
osteoclasts, do so by upregulating the expression of RANKL
mRNA in osteoblasts/stromal cells, which will then express
RANKL on their cell membranes (25,27). Osteoclast precur-
sors from the monocyte/macrophage lineage express the recep-
tor RANK, and will differentiate into mature activated
osteoclasts, when they are exposed to RANKL through cell-to-
cell interaction with osteoblasts/stromal cells in the presence of

Fig. 3. Osteoclast commitment and differentiation are regulated by the expression of three critical molecules, macrophage colony-stimulating
factor (M-CSF), receptor activator of nuclear factor (NF)-κB ligand (RANKL), and osteoprotegerin (OPG). Cells of the osteoblastic lineage
play a paracrine role in the regulation of osteoclast formation and function. (A) The factors, which stimulate osteolytic bone resorption (e.g.,
parathyroid hormone [PTH], parathyroid hormone-related protein promoter [PTHrP], vitamin D3, interleukin [IL]-1, IL-6, tumor necrosis
factor [TNF], and prostaglandins), interact with receptors on osteoblast/stromal cells stimulating the expression of M-CSF and RANKL. (B)
M-CSF is a secreted protein, which interacts with its receptor on monocyte/macrophage progenitors causing these cells to become committed
to the osteoclast lineage, creating a pool of osteoclastic precursors. RANKL is expressed on the cell membranes of osteoblasts/stromal cells.
(C) When osteoclast precursors, which express the receptor RANK, are exposed to RANKL through cell-to-cell interaction with osteoblasts/
stromal cells, they will differentiate into mature activated osteoclasts. RANKL can also bind with OPG, which is a soluble receptor for RANKL,
and acts as a decoy in the RANK–RANKL signaling system to inhibit osteoclastogenesis. M-CSF, RANKL, and OPG appear to be the molecular
mediators of osteoclastogenesis, and provide a common pathway mediating the activation of bone resorption and controlling physiological bone
turnover. The ratio of RANKL:OPG is an important determinant of osteoclast formation and activity and directly determines the rate of both
physiological and pathological osteoclastic bone resorption.
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M-CSF (27,28). RANKL can also bind with OPG, which is a
soluble receptor for RANKL and acts as a decoy in the RANK–
RANKL signaling system to inhibit osteoclastogenesis (32).
The ratio of RANKL:OPG is an important determinant of osteo-
clast formation and activity in vivo and directly determines the
rate of bone turnover (28). The process of the recruitment and
differentiation of osteoclasts is shown schematically in Fig. 3.

During the process of resorption of bone, mitogenic growth
factors stored within the matrix are released into the local
microenvironments (22–24). These osteoblast-derived
growth factors, synthesized as a part of the extracellular matrix,
function to regulate the proliferation of osteoprogenitor cells,
causing them to differentiate into mature functional osteoblasts.
These osteoblasts synthesize new bone matrix, replacing the
bone that was lost through resorption, assuring a balance in
skeletal remodeling (Fig. 2 [33]).

3. THE BIOLOGY OF METASTATIC DISEASE

In order for a tumor to metastasize, the cells must have the
capacity to escape the primary site, travel via the circulatory
system, and establish disease at a new distant site. To accom-
plish this formidable feat, a number of important molecular
steps must take place, and this process is remarkably similar for
the vast majority of different tumor types with the capacity for
metastasis (34).

The pattern of spread of metastasis is dependent both on the
regional venous drainage of the primary organ, as well as selec-
tive characteristics of the target tissue resulting in homing of
tumor cells to these preferential sites (35). The propensity of
tumors arising in the breast, prostate, and lung for bony metasta-
sis suggests that there is selective homing of these tumor cells to
the skeletal microenvironment. However, a comparison of pros-
tate, breast, and lung tumors shows differences in the distribu-
tion of bony metastases, which are most likely explained by
different patterns of regional venous drainage (36,37). The high
incidence of the spread of prostate cancer to the axial skeleton
is partially explained by the drainage of Batson’s plexus, where
connections between the vertebral venous plexus and the mar-
row spaces allow metastases from prostate cancer to spread
preferentially to the lower vertebrae (36–38). This suggests
that specific biological characteristics of the metastatic site and
patterns of blood flow from the primary organ play a role in
distant spread of disease. Additional evidence supporting this
concept comes from animal model studies where the route of
administration of tumor cells influences the occurance of bone
metastases (39). Intracardiac injection of tumor cells has been
shown to consistently produce skeletal metastases in a number
of animal models, whereas intravenous or subcutaneous injec-
tion does not produce bony lesions (39–41). Other important
biological factors for the dissemination of a malignancy in-
volve angiogenesis, cell adhesion, invasion, and growth factors
produced by tumor and host cells, as well as the local environ-
ment of the metastatic site (34).

3.1. ANGIOGENESIS
A strong correlation has been observed between tumor ag-

gressiveness and the degree of vascularization of a number of
different types of cancers, including breast and prostate (42–
45). This data suggests that the capacity of a malignancy to

generate new blood vessels (tumor angiogenesis) is important
both in progressive growth of the primary tumor and its ability to
form metastases (46). A rich vascular bed not only increases the
supply of nutrients to the primary tumor, but also increases
the likelihood for dissemination. These newly formed vessels
are, in all probability, more permeable to tumor cells facilitat-
ing entrance into the circulation (47).

The balance between stimulatory and inhibitory growth fac-
tors regulates tumor angiogenesis, and a number of studies have
demonstrated that metastatic potential directly correlates with
tumor cell expression of several gene products, which function
as pro-angiogenic molecules (48). These factors include vascu-
lar endothelial growth factor (VEGF), basic fibroblast growth
factor, IL-8, type IV collagenase (matrix metalloproteinases
[MMP]2 and MMP9), and others (34,47). The production of
these growth factors leads to tumor growth and causes a con-
comitant increase in vascularization through stimulation of
endothelial cell proliferation and migration, as well as a break
down of extracellular matrix (34). The proteolytic activity of
type IV collagenase facilitates the migration of endothelial cells
through the altered extracellular matrix toward the source of
the angiogenic stimulus (34,47,48). The expression of VEGF
in Dunning prostatic adenocarcinoma has been shown to cor-
relate with microvessel density and metastatic potential, where
the highest mRNA and protein levels for VEGF were expressed
by the most highly metastatic cell lines (49). Recent studies
have demonstrated that the pleiotropic transcription factor NF-
kB regulates the expression of multiple genes including IL-8
and MMP-9, and is constitutively actived in prostate cancer
cells (48). The blockade of NF-kB in the highly metastatic
PC-3M human prostate cancer cell line resulted in significant
inhibition of VEGF, IL-8, and MMP-9 with subsequent inhibi-
tion of angiogenesis, invasion, and metastasis, in both cell
culture and in animal models (48). Additionally, angiogenesis
in a metastatic focus probably plays a role in the establish-
ment of tumor cells at sites of secondary disease. In an animal
model of breast cancer, bone metastases contained large num-
bers of newly formed blood vessels at the periphery and within
tumor tissue (50). In cell culture studies, breast tumor cells
stimulated proliferation, migration, and differentiation of bone
marrow-derived endothelial cells (50). Cytokine-stimulated
endothelial cells may also participate in the establishment of a
metastasis and help mediate bone destruction by targeting
osteoclast precursors to sites of active bone resorption (51).

3.2. CELL ADHESION
The establishment and subsequent growth of metastatic

tumor cells in bone is also dependent on attachment to spe-
cific extracellular matrix components and to other cells (endot-
helial and stromal) in the skeletal microenvironment. Cell
adhesion molecules (CAM) mediate several important cell-to-
cell and cell-to-extracellular matrix interactions (52,53). These
attachments, through specific matrix binding, may signal
tumor cell localization, migration, and proliferation and may
also induce local expression of cytokines that stimulate bone
resorption (24,53).

A category of CAMs, the integrins, has been seen to play an
important role in the metastasis of tumor cells to bone (34).
Integrins are a family of transmembrane receptors that bind to
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a variety of extracellular matrix proteins, are involved with
cellular signal transduction and may be critical for the attach-
ment of tumor cells to extracellular matrix (53,54). The αv⇓3
integrin, which mediates osteoclastic recognition and attach-
ment to bone matrix, is also highly expressed in bone-residing
breast carcinoma cells (55). Integrins interact with matrix
through the Arg-Gly-Asp (RGD) peptide sequences present in
extracellular matrix proteins (34). The addition of RGD pep-
tides that compete with matrix constituents for integrin binding
has been shown to inhibit metastasis of melanoma cells (56).
Tumor cell attachment to vascular endothelium and to matrix
constituents, such as laminin and fibronectin, are integrin-
mediated (52). These proteins underlie endothelial cells and
this binding may be an important initial step in tumor cell colo-
nization of a metastatic site (53). Synthetic antagonists to
laminin inhibit osteolytic bone metastasis formation by A375
cells in nude mice (57), supporting a role for matrix interactions
in the establishment of tumor cells in the skeleton. The integrin
α4⇓1 mediates cell–cell and cell–matrix interactions through
adhesion to vascular cell adhesion molecule (VCAM)-1 and
fibronectin (58). Transfection of Chinese hamster ovary cells
with α4⇓1 resulted in bone and pulmonary metastases, whereas
α4⇓1 negative cells yielded only pulmonary metastases (58).
Antibodies against α4 or VCAM-1 inhibited bone metastasis,
suggesting that α4⇓1 expression, can influence tumor cell traf-
ficking and retention in skeletal tissues (58).

In addition to mediating the retention of tumor cells in bone,
matrix interactions may also alter the cells’ biological behav-
ior, favoring proliferation and growth at the metastatic site (59).
Bone extracts promote increases in chemotaxis and invasive
ability of bone metastasizing prostate and breast cancer cells,
but not that of non-bone metastasizing tumor cells (60). Expo-
sure of certain types of tumor to growth factors that are found
in the bone microenvironment might enhance their ability to
adhere to bone matrix. Treatment of osteotropic PC-3 human
prostatic carcinoma cells with transforming growth factor
(TGF)-⇓ (which is abundant in bone matrix and released in
active form by osteoclastic resorption), causes an increase in
synthesis of α2⇓1 integrin and promotes the adhesion and
spreading of PC-3 cells on bone-derived collagen (24,61).

3.3. INVASION
The ability of tumor cells to invade tissues, with transversal

of the extracellular matrix as well as angio-lymphatic channels,
are critical early steps in the development of metastatic disease,
and requires local proteolysis of matrix proteins and cell migra-
tion (62). The proteolytic breakdown of constituents of the
extracellular matrix facilitates invasion and requires expres-
sion of specific proteases. The production of proteolytic en-
zymes aid tumor cells with detachment from the primary site,
invasion of adjacent stroma, entrance and exodus from the cir-
culation, and the establishment at a distant focus. The MMPs
are a large family of proteolytic enzymes that are involved with
the cleavage and turnover of many different components of the
extracellular matrix and play an important role in physiological
matrix remodeling (63). A large number of soluble MMPs have
been characterized, which can be divided into three groups,
including collagenases, stromelysins, and gelatinases, based
on their in vitro substrate specificity (63). The production of

MMPs by many different tumor types has been demonstrated,
and their expression levels have been shown to correlate with
invasion, metastasis, and poor prognosis in several human can-
cers (34,64). Transfection of nonmetastatic cells with specific
MMPs will produce a metastatic phenotype, and pharmaco-
logical agents, which act as specific MMP inhibitors, have been
shown to inhibit metastasis in a number of animal models (64–
67). In addition to playing a role in tumor invasion by facilitat-
ing extracellular matrix degradation, MMPs, through their
proteolytic activity, may also help to maintain a microenviron-
ment, which promotes tumor growth (63).

TNF-α is a key regulatory molecule in matrix catabolism,
including the stimulation of osteoclastic bone resorption
through the RANK–RANK-ligand signaling pathway (68). A
number of different types of tumors have been shown to pro-
duce TNF-α, and its secretion by tumor cells is dependent on
MMP activity (69). The inhibition of MMPs prevents activa-
tion and release of TNF-α from the plasma membrane of cells
and results in a concomitant decrease in TNF-transcription and
translation (70). Because TNF-α has been shown to increase
the expression levels of MMPs (71), a vicious cycle could be set
up where TNF-α stimulates MMP expression resulting in fur-
ther TNF activity. This would simultaneously enhance tumor
invasion and bone resorption, thus aiding in the establishment
metastatic disease in the skeleton.

Tissue inhibitors of metalloproteinases (TIMPs) are pro-
duced by nearly all known cells that produce MMPs, bind with
MMPs forming inactive complexes, and thus participate in the
regulation of proteolysis and matrix turnover (72,73). These
inhibitors, in addition to their physiological roles in the balance
of matrix degradative activity, appear to be important as regu-
lators of metastases (34). Transfection of metastatic cells with
TIMPs or treatment with exogenously added TIMP has been
shown to inhibit metastatic disease, including the development
of osteolytic bone lesions (64,74,75).

Tumor invasion may involve the direct production of MMPs
by tumor cells or, alternatively, induction of proteolytic en-
zyme expression by the host (52). Host fibroblasts and stromal
cells associated with some invasive breast cancers express a
gene that encodes stromelysin-3 (76). Stromelysis-3 RNA was
found in 95% of invasive breast cancers, however, stromelysin
protein and RNA were detected in the fibroblastic cells imme-
diately surrounding the tumor, but not in the carcinoma cells or
in stroma at a distance from the lesion (77).

3.4. THE ROLE OF GROWTH FACTORS IN TUMOR
ESTABLISHMENT AND PROLIFERATION IN METASTATIC
SITES

The establishment of metastatic disease requires tumor cell
proliferation at the new site. Tumor cell products can impact
the local environment of a metastasis in a reciprocal fashion,
leading to a growth advantage in selective tissues. Such mecha-
nisms appear to play a role in the case of metastatic disease to
the skeleton. The microenvironment of the bone contains a rich
supply of mitogenic growth factors (fibroblast growth factors
1 and 2, insulin-like growth factors (IGF)-1 and IGF-2, numer-
ous bone morphogenetic proteins, TGF-⇓s, and others). These
factors are stored within bone matrix and released by osteoclas-
tic resorption (22–24) (Fig. 2). These osteoblast-derived growth
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factors function normally to regulate the differentiation and
proliferation of indigenous bone cells (playing a physiological
role in bone remodeling as previously described). However,
these factors have also been shown to stimulate the growth of
established cancer cell lines (24). Demineralized extracts of
bone matrix and the conditioned media from resorbing bone
cultures both contain growth stimulatory activity for several
tumor cell lines with metastatic potential for the skeleton, and
the extent of bone resorption correlates with this mitogenic
effect (78). IGF-1 and IGF-2 have been shown to affect the
growth of breast (79) and prostate (80) cancer cell lines. As a
result, tumor cells with the capacity to stimulate osteoclastic
bone resorption will enrich their local environment with the
release of mitogenic factors, which can in turn, stimulate tumor
proliferation and progression of disease.

3.5. THE INTERACTION OF METASTATIC TUMOR
CELLS WITH OSTEOCLAST

Tumor cells utilize a number of different strategies to stimu-
late osteoclastic resorption, tipping the balance in normal bone
remodeling in favor of bone destruction. By far, the most impor-
tant of these mechanisms involves tumor cell production of fac-
tors that stimulate osteoclastic differentiation and activation. A
number of different cytokines and growth factors capable of
stimulating bone resorption by osteoclasts are expressed by
metastatic as well as primary tumors of the skeleton. The list of
factors includes most importantly, PTHrP (81,82), prostaglan-
din E (83), IL-1, IL-6, IL-11 (84–87), and TNF-α and -⇓
(85,86,88). The activated osteoclast may participate in its own
regulation in an autocrine/paracrine fashion by constitutively
expressing pro-resorptive cytokines and, therefore, pathologi-
cal bone lesions with large numbers of active osteoclasts may
be, to a degree, self-perpetuating (85,86).

3.6. THE ROLE OF PTHRP
PTHrP is an autocrine/paracrine growth factor and a tumor

product, which is homologous with the first 13 amino acid of
PTH (89). This molecule shares a common receptor with PTH,
was first identified for its role in hypercalcemia of malignancy,
and, like PTH, is a potent activator of osteoclastic activity (89–
91). PTHrP stimulates osteoclastic bone resorption by increas-
ing osteoblast production of RANK-ligand and decreasing
osteoblast production of OPG, (6), thereby tipping the balance
of bone remodeling to favor bone breakdown.

3.6.1. PTHrP and Breast Cancer
Clinically, PTHrP has long been suspected to play a causal

role in breast cancer-mediated osteolysis. In vivo studies have
shown that breast cancer cell lines expressing PTHrP frequently
metastasize to bone in nude mice (82). PTHrP is expressed in
50 to 60% of cases of human primary adenocarcinoma of the
breast, and these patients are more likely to develop bone
metastases (90,92). Of particular interest is the fact that PTHrP
expression in bone metastases from breast cancer patients is
higher than in the primary tumor, suggesting that the bone
microenvironment has somehow enhanced tumor cell pro-
duction of this factor (92–95). In an elegant series of experi-
ments using an animal model of breast cancer metastasis to
bone, it was shown that TGF-⇓ released from bone by osteo-
clast resorption may feedback, and in a paracrine fashion
upregulate PTHrP expression by the metastatic lesions in the

skeleton (Fig. 4) (96). In vitro studies demonstrated that TGF-⇓
significantly increased PTHrP production by human MDA-
MB231 breast carcinoma cells (96). TGF-⇓signaling blockade
using a dominant-negative mutant of the TGF-⇓ type II recep-
tor, rendered the cells unresponsive to this TGF-⇓ effect in
vitro, and likewise, the signaling blockade also cause signifi-
cantly less bone destruction and formed fewer tumors in bone
in an in vivo animal model (6,96). This intriguing data suggests
that tumor cell stimulation of osteoclastic bone resorption by
PTHrP, with subsequent release of TGF-⇓, can provide posi-
tive feedback, stimulating further production of PTHrP by tu-
mor cells, setting up a paracrine loop with the resultant
osteolysis associated with metastatic breast carcinoma (Fig. 4).

3.6.2. PTHrP and Prostate Cancer
The role of PTHrP in skeletal metastases from carcinoma of

the prostate is less apparent. Although prostate cancer is char-
acterized by metastases that are osteoblastic, histological and
biochemical studies indicate an increase of both bone resorp-
tion and bone formation in these lesions, suggesting that the
interactions between tumor cells and the bone microenviron-
ment are quite multifaceted (97–100). Despite this, it seems
clear that the stimulation of osteolysis is an important, and most
likely, necessary component for the establishment of meta-
static prostate cancer in bone (39). PTHrP is expressed and
secreted by both normal and neoplastic prostatic epithelial cells,
and a number of studies have provided evidence suggesting a
role for PTHrP in the development of bone metastases (101–
104). However, this association is complex and appears to be
different from the observed role of PTHrP in breast cancer
dissemination to the skeleton. PTHrP expression has been dem-
onstrated in a number of prostatic carcinoma cell lines (105).
However, transfection of a PTHrP expression vector into the rat

Fig. 4. The initial steps in the establishment of metastatic breast can-
cer in bone is the stimulation of osteoclastic resorption, tipping the
balance in normal bone remodeling in favor of bone destruction. The
secretion of tumor cell products, such as parathyroid hormone-related
protein promoter (PTHrP), which stimulate osteoclastic differentia-
tion and activation, mediates this process. Active transforming growth
factor (TGF)-⇓ released from bone matrix by osteoclast resorption
will then feedback, and in a paracrine fashion upregulate PTHrP ex-
pression by the metastatic breast cancer cells. This positive feedback
loop sets up a vicious cycle with the resultant osteolysis associated
with metastatic breast carcinoma. PTHrP stimulates osteoclastic bone
resorption by increasing osteoblast production of RANK-ligand and
decreasing osteoblast production of OPG, thereby tipping the balance
of bone remodeling to favor bone destruction.
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prostate carcinoma cell line MATLyLu was not associated with
any difference in the incidence of bone metastasis, size of meta-
static foci, or tumor cell proliferation in an animal model (106).
Likewise, PTHrP protein was found to have a lower expres-
sion in the bone metastases than in the primary prostate tumor
in human studies (107), which is in contrast to the observations
in breast carcinomas (92–95). In vivo studies have shown that
PTHrP expression does have a positive influence on prostate
tumor growth and size when these cells were placed in the soft
tissues of a rat hind limb, and also protected cells from apoptotic
stimuli (105).

3.7. RANK–RANKL SIGNALING PATHWAY:
RELATIONSHIP TO PROSTATE AND BREAST

Recent reports have provided new insights into alternative
molecular mechanisms whereby prostate carcinoma cells may
directly mediate osteolysis. In vitro studies have shown that
prostate tumor cells are capable of directly inducing
osteoclastogenesis from osteoclast precursors in the absence of
underlying bone stroma (108). The malignant prostate cells
were shown to produce a soluble form of RANKL, which
accounted for the tumor-mediated stimulation of osteoclast
formation (108). Additionally, in vivo studies demonstrated
that administration of OPG completely prevented the establish-
ment of metastatic lesions in bone, emphasizing the important
role that osteoclast activity plays in the establishment of skel-
etal metastases in cancer of the prostate (108). Studies in
human tissues have demonstrated the production of RANKL
and OPG mRNA and protein in normal prostate and prostate
cancer (109), providing additional data supporting the concept
of direct modulation of bone turnover. Of interest is the fact that
RANKL and OPG expression was significantly increased in all
of the bone metastases from prostate cancer compared with
nonosseous metastases or the primary tumors in these studies (109).

The significance of RANKL expression in the prostate gland
is unclear at this time, but it seems likely that the RANK–
RANKL signaling pathway will undoubtedly be found to play
some role in normal prostatic physiology. Of interest in this
regard is the fact that transgenic mice, which lack RANKL or
RANK, demonstrate a mammary gland defect with the failure
to form lobulo-alveolar mammary structures during pregnancy,
resulting in the death of newborns (110). RANKL-rescue
experiments showed that RANKL acted directly on RANK-
expressing mammary epithelial cells (110). These findings sug-
gest that this signaling pathway, which serves such a critical
role in the regulation of bone remodeling, is also essential for
normal mammary gland development. Further study will be
needed to unravel the complex inter-relationships between the
breast, prostate, and the skeletal system. However, it seems
likely that such investigations will lead to new and novel para-
digms in mammary and prostate glandular development and
neoplasia, as well as an evolutionary rationale for the complex
interactions and inter-relationships between hormonal regula-
tion, gender, and the musculoskeletal system (110).

3.8. ESTROGEN RECEPTOR AND BREAST CANCER
METASTATSIS TO BONE

The hormone estrogen is a mitogen for breast tumor cells
that express estrogen receptor. A role for estrogen in the dis-
semination of these carcinomas to the skeleton has been sug-

gested, but the mechanism remains unclear (6). For patients
with cancer of the breast, bone metastasis is involved in nearly
50% of all distant recurrence events (111). A higher rate of
bone metastases is seen in lymph node positive compared with
node negative patients, and, suprisingly, estrogen receptor
positive tumors demonstrated a higher rate of bone recurrence
than estrogen receptor negative carcinomas (112–115). This is
despite the fact that estrogen receptor positive patients have a
lower overall rate of distant recurrence, and a better prognosis
compared with estrogen receptor negative tumors (115,116).
Additionally, it seems likely that estrogen receptor signaling
plays some role in bone metastasis, given that tamoxifen, an
estrogen receptor antagonist, has been shown to help reduce
bone recurrences in clinical studies (112). The mechanism of
this effect may be mediated at least in part by estrogen regula-
tion of PTHrP expression. Estrogen has been shown to regulate
the levels of PTHrP in early gestational tissues, as well as
increase PTHrP expression in the estrogen receptor-positive
breast carcinoma cell line MCF-7. Whether estrogen plays a
role in enhanced PTHrP expression in the bone microenviron-
ment remains unclear, but the clinical importance of these obser-
vations merits additional investigation, and it may enhance our
understanding of tumor-induced osteolysis.

4. THERAPY FOR PATIENTS WITH METASTATIC
BONE DISEASE

The development of enhanced methods for early detection
along with better local treatment, has led to an improvement in
outcome for many patients diagnosed with cancer. However,
the treatment of patients who develop metastatic disease remains
limited and, in many cases, palliative, despite the extensive use
of radiation and chemotherapeutic agents. New or novel strat-
egies that delay or prevent the development of metastatic dis-
ease would afford an opportunity to significantly improve both
the quality and length of life for many patients diagnosed with
a malignancy.

It seems clear that the resulting bone damage in metastatic
disease to the skeletal system is because of osteoclastic bone
resorption. Given that the rate-limiting step in bone destruction
is the osteoclast, inhibiting the activity of these cells seems to
be a reasonable primary therapeutic objective. Thus, the insights
that have been gained in our understanding of osteoclast and
bone biology have led to the development of new therapeutic
approaches in the treatment of metastatic bone disease (3).
Effective anti-bone-resorptive agents are currently available,
and continue to be developed, for the treatment of these patients.

Osteoclasts are inhibited by a class of drugs known as
bisphosphonates, which are analogs of pyrophosphate, with a
carbon atom replacing the oxygen and a variety of different side
chains (3). By inhibiting the osteoclast, bisphosphonates have
been shown to reduce bone resorption regardless of cause. Thus,
they have proved to be beneficial in the treatment of a number
of conditions characterized by pathological bone loss including
metastatic disease, osteoporosis, and inflammatory disorders
like rheumatoid arthritis.

A number of clinical studies, as well as investigations in ani-
mal models, have documented the efficacy of bisphosphonates
for the treatment of skeletal metastases in both breast and pros-
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tate cancer (3). Through their inhibition of osteoclastic activity,
possibly by inducing osteoclast apoptosis (20), there appears to
be a reduction in the skeletal events with bisphosphonate
therapy, i.e., pain, fracture, and hypercalcemia, in patients with
metastatic cancer. Despite what appears to be a clear benefit
with bisphosphonate therapy, better treatments are still needed
for patients with metastatic bone disease. Such improvements
will most likely come with the development of new pharmaco-
logical agents that inhibit osteoclast function.

5. CONCLUSIONS

It is clear that the molecular mechanisms involved in osteolytic
metastatic disease are multifaceted and complex involving bidi-
rectional interactions between the metastasizing tumor cells
and the bone microenvironment. What has emerged from the
study of this process is a central role for the production of
factors by specific bone-seeking tumor cells, which facili-
tate recruitment and activation of osteoclasts, leading to
bone resorption, loss of matrix, and bone destruction. The sub-
sequent release of mitogenic growth factors from the matrix
would prove to be advantageous by altering tumor cells’ behav-
ior, aiding in their retension and colonization of the bone. These
reciprical interactions could, in turn, set up a series of vicious
paracrine cycles promoting the proliferation, adhesion, and
invasion of cancer cells, as well as further bone resorption,
supporting the establishment and progression of skeletal meta-
static disease. The hope is that with a better understanding of
the molecular mechanisms that mediate the loss of bone, more
effective treatments will emerge, and ultimately, we will be
able to prevent this devastating complication in patients with
common malignancies who develop metastatic carcinoma.
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1. INTRODUCTION

The American Cancer Society estimated that more Ameri-
cans than ever, 1.33 million, were diagnosed with cancer in
2003 (1). Reportedly, metastases develops in two-thirds of
cancer patients (2). After the lung and liver, the skeletal system
is the third most common site of cancer metastasis (3). These
cancer metastases are also the most common skeletal tumors
seen by orthopaedists, and the ratio of metastatic lesions to
primary bone tumors is 25:1 (4,5). Delamarter et al. (6) reported
that only 29 (1.5%) cases had primary neoplasms of the lumbar
spine in their study of 1971 patients with neoplastic disease.
The prevalence of metastases increases with age. Patients who
are 50 yr or older are at greatest risk for the development of
metastatic disease. The gender ratio varies for each type of
malignancy. However, when all neoplasms with the potential
to metastasize are considered, men and women are equally at
risk for metastatic lesions.

Sixty percent of all skeletal metastases (7) and 36% of ver-
tebral lesions are asymptomatic (8) and discovered inciden-
tally. Symptomatic spinal cord involvement has been estimated
to occur in 18,000 patients per year (9). Brihaye et al. (10)
reviewed a total of 1477 cases and concluded that 16.5% of
spinal metastases with epidural involvement arose from the
breast, 15.6% from the lung, 9.2% from the prostate, and 6.5%
from the kidney. The primary lesion remained unknown in
12.5% of patients. Metastatic lesions were seen in most patients
between 50 and 60 yr of age, and there was no difference with
regard to gender of the patient. They also analyzed 1585 cases
of symptomatic epidural metastases and reported that 70.3% of
the patients had involvement of both the thoracic and thora-

columbar regions of the spine, 21.6% had involvement of the
lumbar and sacral regions, and 8.1% had involvement of both
the cervical and cervicothoracic regions. Their findings con-
firmed that, although the lumbar spine is more frequently involved
with metastatic disease, most patients with neurological dysfunc-
tion present with thoracic lesions.

Metastastic lesions in the spine represent the most common
site of skeletal involvement (11–15). This chapter focuses on
the pathophysiology of tumor growth in the spine with particu-
lar consideration of tumor biology in the treatment of spinal
metastases.

2. SPINAL METASTASES FROM VARIOUS TYPES
OF CANCER

Skeletal metastases are produced by almost all forms of
malignant disease, but are most often secondary to carcinomas
of the breast, lung, prostate, or kidneys and less frequently from
thyroid or gasterointestinal carcinomas (8,9,16–21). The time
interval between occurrence of the primary and spinal metastases
varies according to the type and site of the primary tumor. In a
review of 322 patients with documented metastatic bone dis-
ease, Schaberg and Gainor (8) determined that 80% of skeletal
metastases arise from four major types of carcinoma (breast,
lung, prostate, and renal cell). Breast cancer is the most com-
mon source of bony metastasis in women. Between 65 and 85%
of women with breast cancer develop skeletal disease before
death (22). Among men, metastases from bronchogenic and
prostatic carcinomas occur with the greatest frequency. Lym-
phoma and multiple myeloma are also a common source of
disseminated skeletal lesions. However, there is some debate
about whether multiple myeloma and lymphoma are consid-
ered metastatic or primary lesions of bone. Black et al. (9)
estimated that for 9% of spinal metastases the primary source
of the tumor could not be determined.
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3. WAYS OF SPREADING: ANATOMICAL FACTORS
3.1. PAGET VS EWING
Two apparently opposing theories of patterns of tumor

spread have long been discussed. In 1889, the English surgeon
Stephen Paget published his observations from 735 autopsies
of breast cancer patients. He noted that metastases were found
more frequently in the liver and brain than in other organs, such
as the kidneys and spleen. This led him to formulate the “seed
and soil” hypothesis, which states that the process of metastatic
spread depends on “cross-talk” between selected cancer cells
(the “seeds”) and specific organ microenvironments (the “soil”)
(23). In 1928, James Ewing, an American pathologist, coun-
tered that there was no need to invoke mysterious “soil condi-
tions,” but that patterns of blood flow carrying cells from the
primary tumor could account entirely for the unequal distribu-
tion of metastases. Hence, the first organ encountered in the
circulation would harbor the greatest number. The observation
that the lung, which was the first organ traversed by most
breakaway tumor cells, has a high incidence of metastases sup-
ported this “mechanical” hypothesis (24). In recent years,
researchers have come to appreciate that both Paget and
Ewing were partly correct, but neither hypothesis is thought to
be entirely correct because predisposition to metastatic seeding
is most probably multifactorial (25).

Others have hypothesized that tumor cells lodge at sites of
trauma, possibly attracted by a tumor growth-promoting factor
released by dead or dying cells (26). It has been observed that
the vertebral body trabeculae routinely develop microfractures
(27), which may provide the microenvironment necessary for
metastatic seeding. The host responds by producing bone in an
attempt to repair the injury produced by the cancer invasion.
Fast-growing aggressive lesions are associated with minimum
reactive bone and radiographically appear purely lytic. Slow-
growing or less aggressive metastases allow the formation of
reactive bone to various degrees and appear radiographically
blastic. Mixed areas can occur either within a single metastasis
or at different sites (28–31).

 3.2. ROUTE OF SPREAD FROM THE PRIMARY SITE
TO THE SPINE

Principle characteristics of malignant neoplastic lesions are
the growth of tumor cells distant from the primary lesion. These
distant lesions are referred to as metastases and are commonly
found in the skeletal system. There are four potential pathways
of metastasis: venous, arterial, direct extension, and lymphatic.
It is thought that the most common pathway for metastatic
embolization to the spine is through the venous system. To
become established in the medullary canals of the spine, tumor
emboli must first go through the capillary beds of the liver and
lungs, often by establishing a metastasis at these locations.
Alternatively, the tumor emboli may circumvent these filters
and reach the medulla sinusoids by an entirely different route.

3.2.1. Venous Spread
After blood enters the vertebral body, it is drained by a large

central basivertebral vein and smaller paraarticular veins (32).
Under normal conditions, 5 to 10% of the blood within the
portal and caval systems is shunted into the vertebral venous
system (33). These venous channels connect with the epidural

venous plexus, a valveless system of veins within the spinal
canal, first suggested to be a potential source of metastatic
embolization by Batson (34,35). Batson’s plexus is a network
of veins located in the epidural space between the bony spinal
column and the dura mater covering the spinal cord. It is
connected to the major veins that return blood to the heart
and the inferior and superior vena cava. This plexus of vein
is unique because there are no valves to control blood flow, and
therefore any increased pressure in the vena cava system
results in increased flow backward into Batson’s plexus (Fig. 1).

In 1940, Batson (34) performed cadaveric studies in which
he injected dye into either the penile dorsal vein of male speci-
mens or the breast veins of female specimens. He discovered
that the dye could be recovered in the vertebral veins. He pos-
tulated that any increase in intra-abdominal pressure would
divert blood into the epidural venous plexus, thus providing a
potential pathway of vertebral metastatic embolization for
breast and prostate cancers (34). The tendency of bone, and the
axial skeleton in particular, to be a frequent site of skeletal
metastases may be explained, at least in part, by the presence of
Batson’s plexus. Coman and Delong (36) provided additional
evidence by first injecting tumor suspensions into the femoral
veins of rats and then sacrificing the animals to determine the
areas of embolization. They discovered that lung embolization
occurred in 15 of 16 animals. When the same experiment was
performed while the animal’s intra-abdominal pressure was
artificially increased, lumbar vertebral embolization developed
in 12 of 14 animals. This provided in vivo evidence that
Batson’s epidural venous plexus is a potential pathway of
metastatic embolization to the vertebral column.

3.2.2. Arterial Spread
Arterial embolization is another way of metastatic spread to

the spine. Tumor cells may embolize through the arterial sys-
tem and enter the vertebral bodies through the nutrient arteries.

Fig. 1. Schematic representation of the vertebral venous system at the
lumbar area (reproduced with permission from ref. 33a showing the
anterior internal vertebral venous plexus (1), posterior internal verte-
bral venous plexus (2), basivertebral veins (3), posterior external
vertebral venous plexus (4), anterior external vertebral venous plexus
(5), intervertebral vein (6), radicular vein (7), and the ascending lum-
bar vein (8).
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For example, tumors of the lung may seed the vertebral column
directly through the segmental arteries. This is believed to be
another common mechanism of metastasis in lung cancer (37).

3.2.3. Direct Extension
Direct extension has also been suggested as a potential path-

way for prostate cancer (38). Tumors located in either the
retroperitoneum or the mediastinum may directly erode into the
vertebral bodies as they expand, or they may enter the spinal
canal through neural foramina. This explains why a prostate
cancer metastasizes more often to the lumbar spine, whereas
lung and breast cancers metastasize more often to thoracic
spinal lesions.

3.2.4. Lymphatic Spread
Another route of metastatic spread to the spine is lymphog-

enous metastasis. Although lymphangiography has demon-
strated lymph channels within bone, their clinical significance
in providing a pathway for spinal metastatic embolization has
not been defined.

3.3. SPINAL LEVELS OF DIFFERENT TYPES OF CANCER
Approximately 70% of symptomatic lesions are found in the

thoracic spinal region and 20% in the lumbar region. Jaffe et al.
(39) demonstrated that more than 70% of patients succumbing
to cancer had evidence of vertebral metastases after careful
postmortem examination. In his series, the thoracic spine was
the most commonly involved segment of the vertebral column.
Other investigators (35,40,41) have found that the lumbar spine
was more frequently involved. Metastatic lesions affect the
cervical spine less frequently than other portions of the axial
skeleton (10%). Many large studies of metastatic disease of the
spine do not include the cervical spine. One could argue that
this is because of the relatively low incidence of cervical meta-
static lesions (42–44). More than 50% of patients with spinal
metastases have multiple level involvement. Approximately
10 to 38% of patients have multiple, noncontiguous segment
involvement. Gilbert et al. (45) found that tumors of the breast
and lung usually metastasized to the thoracic area. However,
the entire spine is often involved. Prostate carcinomas usually
metastasize to the lumbar spine, sacrum, and pelvis (45).

Venous drainage from the breast by the azygos veins com-
municates with the paravertebral venous plexus (Batson’s
plexus) in the thoracic region, and the prostate drains through
the pelvic plexus in the lumbar region (35). Retrograde flow
through Batson’s plexus has been shown to occur during
Valsalva’s maneuver and may allow direct implantation of
tumor cells in the vascular sinusoids of the vertebral body with-
out passing through the usual capillary networks. By contrast,
blood from the lung drains principally via the pulmonary vein
into the left heart and showers its tumor cells in a generalized
fashion throughout the skeleton. Tumors of the colon and rec-
tum, which drain through the portal system, tend to seed the
liver and lung with metastases much earlier and more frequently
than they do the axial skeleton.

4. PHYSIOLOGY OF SUCCESSFUL IMPLANTATION
For cancer cells to form viable metastatic foci, an exceed-

ingly complex series of events must occur between those cells
and the host environment (46–48). The metastatic process is
conventionally described as a five-step event: (1) release of

cells from the primary tumor; (2) invasion of efferent lym-
phatic or vascular channels; (3) dissemination of these cells to
tissues distant from their source; (4) endothelial attachment
and invasion of the new host; and (5) growth of the original
colony into a metastatic tumor focus (49–51).

4.1. SEPARATION OF CELLS FROM THE PRIMARY
TUMOR

The first stage, separation of tumor cells from the primary
tumor, appears to be because of a combination of the loss of
intercellular cohesiveness and subsequent transport within the
original tumor interstitial tissue enhanced by a local collagen
hydrolysis. The production of preteolytic enzymes aid tumor
cells with detachment from the primary site and invasion of
adjacent stroma. The matrix metalloproteinases are a large fam-
ily of proteolytic enzymes that play an important role in physi-
ologic matrix remodeling (43). The production of matrix
metalloproteinases by many different tumor types has been
demonstrated, and their expression levels have been shown to
correlate with invasion and metastasis (44,45).

4.2. VASCULAR INVASION
Once tumor cells have escaped their parent they must invade

local vessels to spread to distant sites as tumor emboli. Venous
penetration appears to play a much more important role than
lymphatic infiltration in the development of distant metastases.
Spread by the lymphatic system is probably important only as
far as the regional lymph nodes are concerned, from there the
venous system is the carrier.

4.3. TRANSPORT
Once free in the circulation, cancer cells are able to migrate

further depending on the local organ blood flow, general pat-
terns systemic circulation, and perhaps a particular vulnerabil-
ity of peripheral tissue (such as bone marrow) owing to
peculiarities of sinusoidal permeability. The primary factor
affecting migration, however, appears to be the ability of those
cells to survive within the circulation during transport. Circu-
lating tumor cells appear to be protected in part by a fibrin-
platelet coagulum that surrounds the cells (26,52,53). This
coagulum isolates the circulating malignant cells from the hos-
tile environment factors of the host, allowing them to multiply
in some safety and to produce a small and protected colony
(15,54,55).

4.4. HOST ENDOTHELIAL ATTACHMENT
Once tumor cells have reached a peripheral site suitable for

the development of a metastatic focus, direct attachment of
these cells to vessel endothelium must occur before the tissues
of the host organ can be invaded. The tendency of cancer cells
to adhere to vascular endothelium is distinct from the mere
formation of tumor emboli and provides the basis for establish-
ing “beachheads” before interstitial invasion.

4.5. PROLIFERATION OF A METASTATIC FOCUS
Once a colony of tumor cells has become established within

a peripheral site, it may be called a micrometastasis. In spinal
metastases, the most common site of colony arrest is in the
vascular end-loops adjacent to the vertebral end-plate. How-
ever, it will not become a clinically significant tumor focus
unless it obtains its own vascular supply (56). Secretion of “a
tumor angiogenesis factor” was first demonstrated by Folkman
(57). The factor attracts vessels to a small tumor colony that
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would remain viable only through local tissue diffusion of
nutrients and be incapable of subsequent invasion itself. The
production of this angiogenesis factor appears to be blocked in
part by postimmune responses, presumably mediated through
lymphocytes. This phenomenon explains the late appearance
of metastases long after resection of the original tumor focus.
In such an instance, it can be postulated that a micrometastasis
was established years earlier and attracted the vasculature
required for growth much later. Adjuvant chemotherapy is
probably most effective against such viable, yet poorly vascu-
larized, peripheral tumor colonies.

In addition to a vascularizing factor, all tumors also appear
to be able to secrete specific factors that enhance the establish-
ment of their colonies in particular organs. Breast, prostatatic,
lung, renal, and thyroid tumors all secrete osteoclast-activating
factors that enhance their successful establishment in bone (58).

5. PROGRESSIVE GROWTH

The red bone marrow, located inside vertebral bodies, long
bones, and flat bones, has a rich sinusoidal system. Sinusoidal
vessels are usually under low pressure, thus allowing for the
pooling of blood. This pooling of blood, along with other fac-
tors such as fibrin deposits and thrombosis, may encourage
tumor growth. The red marrow of bone provides a biochemi-
cally and hemodyamically suitable environment for the implan-
tation and proliferation of tumor cells. Because the capillary
network of the vertebral red marrow is particularly susceptible
to tumor implantation and invasion, tumor cells find it easier to
escape from the circulation and multiply within the fine net-
work of cancellous bone (18). The axial skeleton, which con-
tains red marrow throughout a human’s lifetime, is the most
common site of skeletal metastasis. Finally, there are intrinsic
factors inherent to the tumor cells themselves that may give one
cell line a particular advantage in surviving and growing in the
medullary space. Specifically, the elaboration of prostaglan-
dins and the stimulation of osteoclast activating factors by
breast cancer cells have been associated with the establishment
of lytic metastases in bone (59). These cells may also produce
a protective fibrin sheath, which further isolates them within
the marrow.

After a metastasis is established within cancellous bone in
vertebral bodies, it expands by producing a number of sub-
stances that either directly or indirectly cause bone resorption
(60). Such chemical factors, including parathyroid hormone,
osteoclast-activating factor, prostaglandins, and transforming
growth factor related to metastases, have an effect on bone
mineralization (61–70).

High levels of collagenase appear to correlate with tumor
invasiveness, presumably the product of destroyed ground sub-
stance of bone (71). Tumor cells have been shown to secrete
osteoclast-activating factor, which results in bone resorption
through osteoclast stimulation (40,72). Tumors also are often
associated with osteoblastic activity (prostate or breast can-
cers) release factors that stimulate osteoblasts to produce bone
(73). Experimental studies involving breast and renal cancer
have suggested that osteolysis may also be mediated by tumor
prostaglandin secretion (74–76). Indomethacin, a prostaglan-

din inhibitor, has been shown to diminish, but not prevent, bone
destruction in rats injected with tumor suspensions (77). In
addition, as the neoplastic tissue envelops and applies direct
pressure on the bony trabeculae, they become ischemic and are
resorbed.

After cancellous bone in vertebral bodies is destroyed by
metastases, cortical bone invasion occurs secondarily. This is
consistent with the observation that metastatic involvement of
a pedicle, which is composed of trabecular bone surrounded by
cortical bone, is rarely observed alone, and is usually the result
of direct extension from either the vertebral body or the poste-
rior elements (78). Although the initial radiographic finding
often will be destruction of a pedicle, the vertebral body typi-
cally is the first anatomic part to be affected (79) and is involved
20 times more often than the posterior elements (78) that is seen
ranging from 14 to 30% of the cases. This is explained by the
fact that in the absence of a blastic or sclerotic reaction from the
vertebral cancellous bone, between 30 and 50% of the vertebral
body must be destroyed before these changes can be recognized
on a plain X-ray. However, with only minimum involvement,
the pedicle exhibits early radiographic cortical changes that
can be seen when the pedicle in cross-section is inspected on an
antero-posterior radiographs (12). Thompson et al. (80) dem-
onstrated by postmortem examination of patients who had died
of metastatic disease that the posterior vertebral elements were
significantly involved only one-seventh as often as was the
vertebral body. Less often, the epidural space becomes the initial
site of metastasis. In rare cases (3.4%), patients with neurologi-
cal compromise may develop subdural or intramedullary me-
tastases (10).

Each vertebra has barriers to the spread of tumor. The pos-
terior longitudinal ligament is the weakest. Epidural metastasis
is the most ominous complication of bone metastasis to the
vertebral spine and is a surgical emergency. The most common
path for tumor spread is through the posterior longitudinal liga-
ment into the epidural space (81). The tumor enters the epidural
space by contiguous spread from adjacent vertebral metastasis
in the vast majority of cases. The remaining cases arise from the
direct invasion of retroperitoneal tumor or tumor located in the
posterior thorax through adjacent intervertebral foramina, or
rarely from blood-borne seeding of the epidural space.

Besides mass effect, an epidural mass can cause cord distor-
tion, resulting in demyelination or axonal destruction. Vascu-
lar compromise produces venous congestion and vasogenic
edema of the spinal cord, resulting in venous infarction and
hemorrhage. The relative importance of vascular factors as
opposed to purely mechanical ones has been a subject of con-
troversy for many years. The tempo of development of spinal
compression is, perhaps, impossible to generalize. Once neuro-
logical symptoms become manifest, the condition is a surgical
emergency.

6. SIGNIFICANT FACTORS FOR SUCCESSFUL
TREATMENT

Treatment of patients with metastatic disease of the spine
continues to be a challenging problem. With continued ad-
vances in the treatment of primary disease and local recur-
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rences, patients are living longer and more frequently require
treatment for symptomatic distant metastases. Additionally,
the management of metastatic spinal disease has evolved con-
siderably over the last decade, and several classification sys-
tems that may assist surgeons in determining appropriate
surgical candidates have been proposed (16,62,68,69).

Surgical treatments should be tailored according to the
patient’s predicted survival period (1). Tokuhashi et al. (2)
proposed an original scoring system for the preoperative evalu-
ation of metastatic spine tumor prognosis. However, their scor-
ing system is only applicable to the decision making between
excisional or palliative procedures. Because aggressive sur-
gery, such as total en-bloc spondylectomy, is now being more
frequently advocated for spinal metastases, Tomita et al. (3,4)
addressed the problem of appropriate surgical candidate selec-
tion with a more comprehensive classification system that is
based on grouping tumors into intracompartmental,
extracompartmental, and multiple lesions. Tomita’s review
clearly underlines the need for consideration of general onco-
logical concepts to achieve successful local control of the spine
lesion (82–85).

Recent advantages in spinal instrumentation and surgical
approaches have enabled spine surgeons to treat these lesions
more radically and to reconstruct the spinal column more effec-
tively. The use of spinal stabilization in conjunction with the
surgical treatment of these neoplasms has resulted in signifi-
cant outcome-related improvements. Because significant ad-
vances have also occurred in the improved imaging techniques,
diagnosis has become more accurate. It is desirable to establish
newer ways of early detection of distant metastases to the spine,
to predict biological behavior, and finally, to improve clinical
management of spinal metastasis.

The inherent nature of specific primary and metastatic neo-
plasms determines their biological behavior and dictates which
will have slow or rapid growth, which will be invasive, and
which will produce metastases. Although metastatic lesions
usually demonstrate behavior similar to their primary lesions,
this is not always true; some metastases may be far more inva-
sive or rapidly growing than the primary lesion of origin. It is
this biological behavior of the primary or metastatic lesion that
determines the likelihood and rate of spinal cord compression.
Rapid tumor expansion may produce vertebral erosion, frac-
ture, and result in acute cord compression with a poorer prog-
nosis for improvement. Improved understanding of the tumor
types and their biology will empower the surgeon to better
define surgical indications and to predict successful clinical
outcomes with surgical resection.

Currently, the treatment options available for metastatic
spinal disease include radiation therapy, hormonal manipula-
tion, chemotherapy, surgical resection, and most commonly, a
combination of two or more of these treatment modalities.
Reports of the success of various treatment protocols are con-
tradictory because there is a lack of a standardized method for
evaluating treatment success and there is a lack of understand-
ing of the natural history of the metastatic disease process itself.
Thus, current treatment options of patients with metastatic dis-
ease to the spine remain limited and in many cases are pallia-

tive. Several tumor-derived factors that stimulate bone resorp-
tion by osteoclastic activation have been recognized. Examples
of such factors are parathyroid hormone related protein (70),
prostaglandin E (71), Interleukin-1 (72), and tumor necrosis
factor (73). Effective anti-bone-resorptive agents are currently
available, and continue to be evaluated for the treatment of
bone resorption owing to osteoclast activation (74).

From a surgical standpoint, it is important to consider that
metastatic epidural compression in most instances develops
ventral to the thecal sac. Therefore, studies describing the
results of posterior decompression alone to treat neurological
deterioration failed to show significant improvement of neuro-
logical deficit with surgical decompression alone. There is no
advantage in the use of surgical laminectomy over radiation
therapy alone for which reason laminectomy alone for decom-
pression of neural elements has fallen out of favor (2,86–92).

Because of these poor results, many physicians have been
taught that surgical intervention is not a viable addition to the
treatment armamentarium and should be considered only as a
last resort. However, anterior decompression, through removal
of the vertebral body and any epidural tumor, has shown great
benefit for the patients with spinal cord compression. Anterior
surgical intervention is increasingly being accepted as a valuable
component of the interdisciplinary treatment approach to the
care of patients with symptomatic spinal metastases. Certain
tumors (renal cell) with single metastatic foci without vertebral
collapse are best treated by extirpation, when possible, and no
irradiation, to allow the best long-term survival (46,48).

7. CONCLUSIONS

Despite recent advances in the treatment of spinal metastases,
many problems remain making successful management of spi-
nal metastases difficult. Early detection of small metastatic
foci plays an important role. We anticipate that future advances
in the understanding of molecular and cellular mechanisms in
the various stages of carcinogenesis may provide the more
effective clues to prevention and treatment of spinal tumors.
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1. INTRODUCTION

Tumors arising in the vertebral body itself pose little danger
to health and survival until they find a way into the larger sys-
tem and either successfully metastasize or grow to a large
enough size to threaten local vital organs. The barriers that
must be overcome start with the basement membrane in either
circumstance. Thereafter, the tumor must either demonstrate
the ability to cross the vascular wall of the local capillary bed,
survive in the circulation, and successfully implant elsewhere
or the tumor must be able to overcome the local, physical bar-
riers of the trabecular bone and cortical shell of the vertebra
itself, the periosteum and overlying ligaments of the spinal
column, and, finally, the muscular sheath with its many fascial
layers and apposed parietal pleura.

The invasion of normal tissues by cancer cells occurs by two
mechanisms: (1) growth-related tumor expansion, forcing tumor
cells through planes of adjacent tissue along the path of least
resistance, or (2) active locomotion, invasion, and then circu-
lation of cancer cells.

Tumor growth generates intrinsic pressure and expansive
forces, which tend to push the tumor along fascial planes and
into potential spaces. Areas of dense and impenetrable tissue
form barriers that either halt expansion or force the tumor in a
new direction. Vascular channels and foramen often prove a
portal of extension from one compartment to another, allowing
a tumor to extend into a space with more room for growth and
less resistance to expansile pressure. Over time, however, even
rigid and impenetrable tissues will bow to pressure—bone remod-
els, thins, and expands or fractures, ligamentous tissues and fascia
distend, and periosteum is lifted away from bone.

Tumors that will be successful in metastasis also begin with
the process of direct expansion within their local environment,

but are more successful in crossing barrier membranes and
tissues, gaining access to the circulation and lymphatics through
combined behaviors of locomotion, invasion, and tissue degra-
dation.

2. LOCAL GROWTH
2.1. DIRECT EXTENSION AND EXPANSION
As the growing neoplasm extends eccentrically from its

initial focus, it must either displace these tissues or penetrate
them. Slow-growing lesions will displace bone in such a way
that the cortical shell will continually remodel, maintaining the
mass within. These expansile lesions are usually benign or at
least low grade. High-grade malignancies grow too rapidly for
the damaged tissues to respond, pushing through vascular chan-
nels in the cortex to escape the bone barrier before it can react.
As the tumor expands it builds up mass under the next barrier
layer, periosteum and longitudinal ligaments, and elevates these
away from the cortical bone. The progressively expanding
periosteum may lay down a series of thin ossified shells in an
attempt to respond to this injury, resulting in soft tissue calci-
fications. These tumors may also locate portals of egress un-
protected by periosteum. When a tumor extends through the
primary nutrient foramen at the midpoint of the dorsal vertebral
cortex, the thin posterior longitudinal ligament is the only struc-
ture to retard its expansion. Once this structure is displaced
tumor growth competes for space with the spinal cord or cauda
equina, and the dural sheath is the only barrier to direct exten-
sion into the central nervous system. Breach of the dura is
extremely rare, but adhesions to the dura are common and
represent a contaminated margin.

Tumor extending anteriorly or laterally away from the ver-
tebral body may continue to distend and stretch the periosteal
layer until it becomes incompetent, or may degrade the col-
lagen sheet and penetrate directly into the muscular layer. By
this time many high-grade lesions will have successfully
seeded distant tissues, but some intermediate and many low-
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grade lesions will continue to expand locally for some time
before metastasizing (or at least before metastases can be
detected). In these tumors the expanding front of the neo-
plasm continues to stretch and compress the surrounding soft
tissue and muscle layers into a dense and fibrous pseudocapsule,
the last barrier between the tumor and the visceral cavities. The
pseudocapsule appears tough and resistant to penetration on a
gross level, but is really only a distortion of much looser and
more easily transgressed tissues. The pseudocapsule is often
extensively contaminated with neoplastic foci, and is not a
reliable barrier to invasion.

There is one other, more traumatic, means for tumor to
escape its local barriers: pathological fracture. Even if the
tumor has not been able to successfully metastasize or pen-
etrate the shell of cortex and periosteum, it can, by destroying
enough vertebral bone, escape through fracture and collapse of
the diseased vertebra. Low-grade lesions will continue to expand
and disrupt bone to the point that mechanical integrity is lost, or
that minor trauma precipitates fracture. Higher-grade lesions
may outstrip blood supply leading to bone necrosis. Once frac-
ture occurs, all barriers may be breached at once, allowing
tumor to spill into the surrounding musculature or the abdomi-
nal or thoracic cavity (Fig. 1). Hematoma may extend the con-
tamination far beyond the local fracture site.

More often collapse is progressive and less acute. Tumor
extends beyond the cortical shell and into the periosteal barrier,
but extensive spread is not certain. Still, resection of a primary
sarcoma associated with vertebral fracture must include a wide
cuff of muscle and pseudocapsule if en-bloc excision is to be
successful.

Once the tumor escapes the confines of the connective tissue
sheath that surrounds the vertebral body, there is little to
restrain further growth and extension. In the cervical spine,
extension can occlude the vertebral artery system within the
vertebral ring, and may impinge on airway or vascular struc-
tures once the vertebral barriers are breached. In the thoracic
region, extension into the chest can result in diffuse metastases,
or in an extensive soft tissue mass, before growth is appreciated.

The lumbar segments are encased in a more dense and exten-
sive soft tissue envelope, but once these barriers are exceeded,
extension into the abdominal cavity can occur. Locally aggres-
sive tumors may push cranially and caudally under the longi-
tudinal ligament and psoas muscle to directly involve adjacent
vertebrae. Local invasion into the lymphatics and the great
vessels, and neovascular recruitment lead to local extension
and distant spread that can impair treatment.

The sacropelvic region is particularly problematic. The
anterior soft tissue envelope is thin, with no muscular layer
over the anterior cortex of the sacrum. Distension and rupture
of the anterior cortex allows the tumor to extend into a large-
volume potential space, with few structures to immediately
signal the mass effect. The pelvis, anthropomorphically designed
to accommodate pregnancy and a large displacement volume,
can conceal a very large tumor mass before symptoms develop
(Fig. 2). Tumors escaping the margins of the sacrum can extend
directly into the peritoneum, colon, rectum, or bladder, where
invasion can result in serious complications and morbidity. At
the same time, tumors arising in the colorectum, bladder, kid-

Fig. 1. An insufficiency fracture through the sacral ala allows this
solitary plasmacytoma to escape the barriers of the sacral cortex and
contaminate both the sacroiliac joint and the retroperitoneal space
(arrows). Fortunately, the prognosis for local control is not seriously
altered in this radio-sensitive tumor.

ney, and adrenals can gain access to the vertebral body through
direct extension as well as vascular spread. Adherence of recur-
rent colorectal carcinomas can necessitate sacrectomy as part
of the local control of the tumor.

2.2. PHYSICAL BARRIERS WITHIN THE SPINAL
COLUMN

The spine is an extensive organ, constructed of multiple
segments traversing the length of the neck, torso, abdomen, and
pelvis. Vertebral segments find themselves in direct continuity
with all of the visceral organs likely to develop neoplastic dis-
ease, and share venous drainage with many of these organs. The
spine itself is a potential source of many types of primary tu-
mors, and the cancellous marrow is a rich environment for
tumor metastasis. The ability to treat many of these tumor types
for long-term local control or cure depends on how far the
tumor has spread at diagnosis and to what tissues.

2.3. CORTICAL BONE
Once the tumor has arisen in the cancellous bone of the

vertebral body, it begins to extend along the planes of least
resistance—through the vascular sinusoids of the vertebral
marrow. After extending through the vertebral body, the tumor
encounters the cortical shell of the vertebral body and pedicle.
This is the first physical barrier to tumor extension. Although
slow-growing and locally aggressive tumors will tend to dis-
tend and disrupt the cortical shell, over time, more aggressive
tumors may escape the cortical barrier through the numerous
perforations intended to provide egress of the nutrient vessels.
Either tumor type may disrupt the trabecular architecture to the
point that the bone fails and fractures. Once the cortical shell is
fractured, the tumor is able to extend outward to the surround-
ing soft tissues, anteriorly into the chest or abdomen, or poste-
riorly into the spinal canal.
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2.4. INTERVERTEBRAL DISCS
The intervertebral discs are, for all practical purposes, impen-

etrable to tumor tissue. The disc is dense, highly organized, and
crosslinked with collagen fibers, and essentially avascular.
Even if tumor cells have the mechanism to breakdown and
invade the disc margins, the structure is several millimeters
thick at any level, and crossing the disc would take an impossi-
bly long time. In patients with severe disc disease, the disc space
may be narrowed and devoid of disc material in some areas,
making extension possible. Even then, direct extension of tumor
from one vertebral body to the next is rare. When two adjacent
vertebrae are consumed by a destructive process crossing the
disc space, the diagnosis is always more likely to be infection.

When tumor extends from one vertebral body to the next, the
most common route is around the disc, extending longitudi-
nally within the spinal canal, or pushing proximally or distally
underneath the anterior longitudinal ligament or periostium to
reach the adjacent vertebra (Fig. 3). A bridge of tumor may be
seen anterior to the disc, connecting the involved vertebrae.
Even this process is time consuming, and adjacent vertebrae are
still more likely to be individually seeded by multiple hematog-
enous metastases.

2.5. PERIOSTEUM
The periosteum of the vertebral body is relatively thin by

comparison to the covering found in the long bones of the upper
and lower extremities. This barrier to immediate extension into
the paraspinous soft tissues can respond to slow, progressive
tumor extension by ossifying and thickening, but may rapidly
give way to aggressive lesions. The anterior and posterior thick-
enings of the periosteum, the longitudinal ligaments, provide a
considerably more substantial barrier to extension, but they are
incomplete, covering only a portion of the circumference of the
body in either case.

Tumors extending through nutrient foramenae or defects in
the cortex will tend to elevate the periosteum away from the
cortical surface, disrupting adhesions and nutrient vessels as

the space is extended. This injury stimulates a reactive ossifi-
cation of the periosteum in an attempt to repair the bone and
combat the distortion. Rapidly growing tumors will repeatedly
extend the periosteum away from this line of ossification, cre-
ating a distinctive “onion-peel” appearance on radiographs,
created by repeated layers of ossification, one on top of the
other as the tumor expands.

Fig. 2. Direct extension into the pelvis by a sacral chordoma may reach great dimensions before significant symptoms arise.

Fig. 3. An isolated renal cell metastasis of the L4 body, extending
anteriorly and superiorly under the anterior longitudinal ligament to
invade the L3 vertebra. Two-level corpectomy provided local control,
pain relief, and 4 yr of “disease-free” survival.
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2.6. DURA MATER
Extension of tumor tissue through the dura into the central

nervous system is unusual, but can occur. More often intradu-
ral/extradural tumors begin within the thecal sack as neural
tumors, extending outward as they expand.

Adhesions to the thecal sack are not uncommon, however,
and represent a compromised margin when encountered. For
primary sarcomas and locally aggressive tumors, dural exci-
sion is occasionally warranted to obtain a complete excision
and the highest likelihood of local control and cure.

2.7. PLEURA AND PERITONEUM
The visceral and parietal reflections of these tissues form

two more barriers to tumor extension within the chest and
abdomen. They also create a potential space within which the
tumor can extend and disseminate. Tumor cells escaping the
periosteal barrier may either invade and cross the parietal and
pleural membranes or distend and mechanically force tissue
across the barrier (Fig. 4).

Tumor cells crossing these structures may implant there and
create a focal extension of tumor mass that extends physically
across either side of the membrane. These tumor foci may shed
cells into the potential space between the layers, which is made
a real space when tissue reaction creates an effusion. This
malignant effusion may disseminate tumor metastases through-
out the hemithorax or abdomen.

3. SYSTEMIC SPREAD

In addition to direct spread through expansion, tumor cells
are able to migrate from their local address to new tissues,
either immediately adjacent to the tumor margin, or into the
circulation or lymphatic system where they can disperse
widely throughout the body. Active locomotion of cells has
been observed for decades, and locomotion of cancer cells was

reported as early as 1911 (1). At the present, many aspects of
cellular locomotion remain speculative, but principle mecha-
nisms are known. Signals within the surrounding stroma, either
electric or soluable, trigger cell responses through action on
membrane bound surface receptors. The signal drives an inter-
action of actin and myosin within the ceoll, in conjunction with
two families of proteins, the dyneins and kinesins. Cellular
motion occurs as the cell extends its leading edge outward into
the surrounding substrate, and detaches itself from its original
colony of tumor cells (2).

3.1. VASCULAR INVASION
Tumor cells within the spine may reach the vascular circu-

lation by invading the sinusoids that drain the vertebral cancel-
lous bone, the reverse of the way most metastases reach the
vertebral body. The same paravertebral plexus that allows com-
munication between the spinal venous drainage and the azygos
veins draining the breast, allows cells from the vertebral levels
to drain back into the pulmonary flow and metastasize into the
lungs (3). Similarly, the pelvic drainage that may direct colon
carcinoma or prostate carcinoma into the spinal column, may
drain spinal lesions into the liver (4).

Direct extension through vessel walls can occur, and adher-
ence to and invasion of the great vessels can render some pri-
mary tumors essentially unresectable. Tumor extending
through the vascular wall may generate bulk emboli that may
seed the pulmonary or hepatic beds or produce local thrombo-
sis. In the cervical spine direct extension may occlude or encom-
pass the vertebral arteries, complicating excising or producing
neurological symptoms in patients with inadequate perfusion
from the contralateral vessel.

3.2. LOCOMOTION AND INVASION
Invasion is the first morphologically identifiable act of can-

cer dissemination beyond the local environment. The process
begins when the cell breaches the basal lamina. Hematogenous
metastasis is usually attributed to invasion of the veins draining
the primary tumor bed. In some sarcomas, however, metastases
can enter the bloodstream through clefts in the tissue structure
that drain into the vascular supply, or through the imperfect
membranes formed by neovascular elements derived through
angiogenesis. Further, there is some evidence that direct exten-
sion of growing tumors into disrupted tissues can seed the blood
supply through shedding of cells into the ruptured vasculature.

Progression from a focal primary tumor to an invasive lesion
is characterized by penetration of the basement membrane by
migrating tumor cells. Fragmentation of the basement mem-
brane occurs in both in situ and invasive lesions, suggesting
that cells within the in situ lesion may prepare the surrounding
stroma for later invasion (5).

The basement membrane is a three-layered structure of vary-
ing thickness, which form the stroma to the parenchyma. The
structural components of the basement membrane include type
IV collagen, confined to the lamina densa, the basal lamina; and
type V collagen in the surrounding two layers the lamina lucida
externa and the lamina lucida interna. Other components include
the glycoproteins laminin and fibronectin, proteoglycans and
entactin. Outside the basement membrane, the interstitial tis-
sues are organized by fibers of types I, III, and V collagen and

Fig. 4. Extension from the lateral aspect of the thoracic vertebra re-
sults in a large intrathoracic mass. This chondrosarcoma was still
contained within a pseudocapsule of periosteum and muscle, further
covered by the parietal pleura (arrows). Resection of these tissues
with the tumor provided a disease-free margin.



CHAPTER 4 / TUMOR BEHAVIOR 29

elastin, which—together with fibronectin—stabilize additional
proteoglycans and glycoproteins in the matrix. The density of
collagen and proteoglycan elements is similar to that seen in
cartilage, a tissue of type I and II collagen, proteoglycan, gly-
cosaminoglycans, and elastin, which is virtually impenetrable
to tumor cells and neovasculature (6). The resistance of carti-
lage to invasion can be attributed to three characteristics: den-
sity, non-degradable matrix elements, and substances inhibiting
the invasive apparatus of endothelial and neoplastic cells. These
same characteristics confer barrier characteristics to other
musculoskeletal and parenchymal tissues. “Successful” neo-
plasms use a variety of mechanisms to overcome these barriers
to invasion and metastasis.

3.3. TISSUE DEGRADATION

The ability of rare tumors (e.g., some osteosarcomas) to
invade and break down cartilage tissues depends on the ability
find a cleft or vascular channel to invade, and on the subsequent
ability of the neoplastic cells to degrade the cartilage matrix
through protease and collagenase-driven proteolysis. The fact
that proteases are also involved in the cycle of cell division and
in cellular locomotion points strongly to this family of proteins
as primary determinants in cancer expansion and spread. The
process by which cells use these elements to invade cartilage is
representative of the methods by which many tumor types cross
the other barriers previously listed, gaining access to the vis-
ceral spaces or venous and lymphatic drainage.

Proteolysis is an important aspect of regulation of trans-
membrane signals generated by activation, inactivation, or
transformation of cell surface molecules. These signals regu-
late various cellular functions, such as proliferation, apoptosis,
differentiation, and invasion and derangements of extracellular
protease activity may be critically reflected in the behavior of
malignant cancer cells (7).

Whether directly extending into surrounding stroma, or
invading and extending into the vascular elements in the pro-
cess of metastasizing, tumor cells must cross the basement
membrane, penetrate the endothelial cell barriers, and establish
a successful neovascular supply before they can begin to pro-
liferate. This complex process results in a low rate of successful
metastasis, and determines that only specifically adapted cells
can complete the process of invasion and metastasis. During
the process of invasion, continuous degradation of the extracel-
lular matrix must occur along the advancing front of the migrat-
ing cells, in combination with active cell locomotion. Although
a number of proteases have been implicated in this process,
matrix metalloproteinases (MMPs) have emerged as principle
agents in cellular invasion (8). MMPs play a major role in the
degradation of extracellular matrix molecules, and matrix
metalloproteinase inhibitors (TIMPs) may play a role in con-
trolling invasion and tumor extension (9–12). Both are involved
in normal physiological maintenance of the basement mem-
brane. The process of extracellular matrix degradation is care-
fully balanced, even in neoplastic invasion, because
unregulated proteolysis would leave an unsuitable environment
for tumor cell survival. It appears that the production of both
MMPs and TIMPs may be carefully balanced in successful
tumor phenotypes to allow invasion without dissolution of the

matrix (13). Even more interesting, MMP action appears to
specifically expose chemotactic sites on laminin molecules,
potentially signaling breaks in the basement membrane to other
tumor cells (14,15). An important host-contribution to invasion
and tumor cell survival is the frequent association of local MMP
production by stimulated stromal fibroblasts encountered by
invading tumor cells (16).

3.4. LOCOMOTION
Even with the capacity to create a defect in the basement

membrane and digest elements of the extracellular matrix that
would otherwise block transit, tumor cells must physically
migrate from their initial focus into new territory to accomplish
invasion or metastasis.

Cell migration requires transmission of propulsive forces
from the cell to the elements of the extracellular matrix through
the repeated assembly and contraction of cytoskeletal elements
forming lamellipodia (broad ruffles), filopodia (thin, cylindri-
cal projections), and pseudopodia (thicker projections) (17,18).
Migration starts with formation and then protrusion of a filopod
or lamellipod, formed by the polymerization of actin filaments
to form elongated central rods within the filapod or a meshwork
within the lamellopod. At the leading edge of the protruding
element integrins concentrate and anchor the cell to elements of
the extracellular membrane (19). With this anchor in place,
contraction of the actin filaments draws the cell body forward
into the matrix. As the cell moves forward, the integrin anchors
appear to move in a retrograde fashion along the cell surface
(20,21). As the anchor points reach the trailing edge of the
migrating cell, they release and the cell continues forward.

Tumor cell motility reflects the invasive and metastatic
potential of the individual tumor type. Measurable parameters,
such as pseudopod extension, membrane ruffling, and vectoral
translation, are quantitatively increased among highly invasive
tumor cells, and are further exaggerated by chemotactic and
motility factors elicited by some tumor cells themselves (22).

4. CONCLUSION

Aggressive high-grade sarcomas and carcinomas can gain
access to the vascular system or penetrate the surrounding
periosteum to escape the spinal column early in their develop-
ment. More slow-growing lesions will tend to be bound by the
margins of vertebral cortices, periosteum, pleura, and interver-
tebral disc. If the tumor remains contained within the cortical
shell, excision with a cuff of overlying periosteum and muscle
offers a reasonable chance for a clear margin. If the tumor has
penetrated the cortex, the surrounding musculature and the
overlying fascia or pleura should be excised en-bloc with the
tumor to provide the best chance for local control.
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1. INTRODUCTION

Cytotoxic chemotherapy evolved from the concepts of
Lissauer and Ehrlich over the last century. The initial chemo-
therapy protocols they devised were characterized by a lack of
specificity, and walking a fine line balancing the toxicities
experienced by the host and the tumor. This has been subse-
quently improved owing to a better understanding of tumor
biology and the biochemical basis of action of the chemotherapy
regimens. Radiation therapy started after the discovery of
X-rays by Roentgen in 1895. Refinement of these modalities
has resulted in therapeutic options for patients with several
types of malignancies. Innovative modern techniques in the
1990s have provided insight into the intracellular pathways
that result in sensitivity and resistance of the neoplastic cells to
drug treatment.

2. CYTOKINETICS

The biological behavior and heterogeneity of tumors is
explained by several factors including variation of constitu-
ent cell populations, cell regulatory functions, nutritional fac-
tors, and cytokinetics (1). This can lead to wide variations in the
cell cycles of different tumors. Extensive research has given
more insight into the growth cycle of cells (2). Cells grow
through an orderly sequence of steps:

1. Resting phase (G0).
2. Cells with the biological intention to multiply enter the

interphase (G1) that is characterized by synthetic processes

involving RNA and proteins, which prepares the cell to
enter the next phase.

3. DNA synthetic phase (S) where the DNA content is
doubled.

4. Second resting (G2) phase before undergoing mitosis.
5. Mitotic phase (M) in which the chromosomes separate,

causing cell division and two daughter cells.

Mitosis of cells results in daughter cells, which consist of (1)
nondividing, terminally differentiated cells; (2) resting cells
(G0), which can be recruited into the cell cycle; and (3) continu-
ally dividing cells that enter into G1 phase again. Major check-
points in the cell proliferation occur in G1 when cells must
commit themselves to division and in G2 before undergoing
mitosis. Cells capable of replicating do so in response to vari-
ous stimuli that affect the cell surface receptors. The cell cycle
is under the control of numerous regulatory mechanisms,
including cyclins and cyclin-dependent kinases (CDK).
Cyclins are proteins that act as positive regulators of the activ-
ity of CDKs. CDKs are kinases, which are present in all phases
of the cell cycle and control the cascade of proliferative signals.
Regulation of these CDKs by the cyclin molecules cause their
levels to fluctuate, synchronizing the progression of cell division.

Chemotherapy/radiation therapy works best when cells are
in the cell cycle (Fig. 1). Categorization of chemotherapeutic
drugs can be done by their activities relative to the cell cycle as
phase specific and phase nonspecific.

1. Phase-specific drugs are effective only if present in the
tumor cell during a specific phase of the cell division. In-
creasing drug levels will not result in more tumor kill.
However, if the concentration is maintained over a longer
period of time, more cells will enter the specific lethal
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phase of the cycle and get killed, (e.g., L-asparaginase,
antisense therapies during G1 phase, antimetabolites dur-
ing S phase, taxanes and alkaloids during G2 and M phase).

2. Phase-nonspecific agents can be further divided into cycle-
nonspecific drugs, which can kill nondividing cells (e.g.,
steroids, some antitumor antibiotics) and cycle-specific,
which can kill cells, which enter into the cell cycle (e.g.,
alkylating agents). Phase-nonspecific agents have a linear
dose–response curve: the higher the dose administered, the
greater the fraction of cells killed.

2.1. TUMOR KINETICS
The growth of a tumor can be simplistically visualized as

being dependent on several variables, which include rate of cell
loss, growth fraction (proportion of cells in proliferative phase),
and cell doubling time. Numerous models have been devised
that explain the impact of therapeutic regimens on the tumor
cell cycle (3). We review these proposed models and our under-
standing of current chemotherapy/radiotherapy models in a
historical fashion, sketching out their evolution.

The Skipper-Schabel-Wilcox model (Log Kill model), origi-
nally proposed at the Southern Research Institute in 1964, was
based on the L1210 leukemia cell lines in rodents (4,5). They
postulated that the increase in life-span of the host after chemo-
therapy was because of the cytocidal effects on the cancer cells.
It also conceptualized that both tumor growth and tumor regres-
sion in response to chemotherapy were exponential in nature.
Thus, a drug that would cause the tumor burden to decrease
from 1010 to 109; if given in the same dose, the drug would
decrease the burden from 105 to 104. These are both examples
of a 90% tumor cell kill. This formed the basis for repetitive
cycles of chemotherapy to achieve maximal tumor eradication.
Over time, we have, however, realized that exposure to the
same regimen for more than four to six times has not resulted
in improved efficacy. We now understand the growth models
of tumor have also a mixed nature with respect to different
cancer cells in vivo (6). The Gompertzian sigmoid-shaped

growth is characteristic of many solid tumors. Tumors grow
most rapidly at smaller sizes and then slow down, as they be-
come larger secondary to problems with vascularity, hypoxia,
and interaction with the other cells in their microenvironment
(7–10) (Fig. 2).

There were attempts made to address the pattern of resis-
tance to chemotherapy. Luria and Delbruck in their work with
microbes, realized that bacteria develop resistance at random
phases of their growth. This concept was then applied to the
study of antimetabolites in L1210 cells and resistance was found
to be acquired at various times of growth. Goldie and Coldman
(11) then extended these concepts to human tumor cells. They
concluded that larger tumors have more cells, which in turn
have a cumulatively greater chance of developing spontaneous
mutations. These mutations were believed to confer resistance
to chemotherapy and also foster metastasis. This also led to the
belief that tumors are better treated at a smaller size, before they
have the ability to develop mutations and metastasis. Out of this
was born the concept of multiagent noncross resistant chemo-
therapy, which would have a greater tumor kill and prevent
development of resistance.

The Norton-Simon regression hypothesis, proposed 25 yr
ago, included two different concepts (12). The first concept is
that delivering chemotherapy at reduced intervals (dose-intense
chemotherapy) will maximize the chances of obliterating the
tumor. As known from previous experience, tumors do not grow
in a simple exponential manner, but follow a Gompterzian
growth pattern with faster growth in the beginning and slower
growth as the tumor gets larger (13). So they concluded that if
tumors were given less time to regrow between treatments, the
likelihood of cure is improved. The second concept involves
the use of sequential dose-dense, noncross resistant regimens
to minimize drug resistance by obliterating a dominant tumor
population initially and then using different agents to deal with
the residual resistant cells. These two concepts brought into
context, adjuvant chemotherapy after surgery/radiation result-

Fig. 1. Cell cycle.
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ing in less regrowth between therapies causing increased over-
all regression and minimized drug resistance (14,15).From all
these models numerous chemotherapy/radiotherapy combina-
tions with noncross resistant drugs, concurrent chemoradiation,
induction-intensification, and adjuvant approaches have been
developed in a variety of different fashions.

3. CHEMORADIATION IN CANCER THERAPY
Sole modality surgical treatment in cancer often fails because

of the presence of micrometastatic disease or malignant cells
beyond the surgical margins at the time of resection. Combined
chemotherapy and radiation can address both these mechanisms
of failure. Steel and Peckham (16) have developed principles
guiding the integration of these modalities.

1. Spatial cooperation is used to describe the action of one
modality to treat disease missed by another. This can be seen
in small cell lung cancer, childhood leukemia where radia-
tion is used to treat a potential sanctuary site, such as the
central nervous system. Here the dose and timing of these
modalities are adjusted to minimize central nervous sys-
tem effects.

2. Toxicity independence has been widely used in the design-
ing of combination chemotherapy regimens, with im-
proved therapeutic results seen by combining drugs with
non-overlapping toxicities. When combining chemo-
therapy with radiation, drugs that enhance radiation-induced
normal tissue damage may need to be avoided or timed
sequentially (e.g., anthracyclines in adjuvant breast can-
cer treatment).

3. Enhancement of tumor response secondary to an additive
or synergistic effect is the focus of most concurrent
chemoradiation regimens. This has resulted in organ preser-
vation (larynx cancer, sarcoma of the extremities) without
compromise of overall survival. Enhanced understanding
of the radio-sensitization of chemotherapeutic agents
implicate pathways involving increased initial damage
(e.g., antimetabolites), repair inhibition of damage in-
flicted by ionizing radiation (e.g., platinum compounds),
and redistribution of cell cycle phase, which will make

cells more susceptible to damage by radiation (e.g., taxanes
causing G2M arrest).

3.1. PHARMACOLOGY OF ANTINEOPLASTIC AGENTS
The clinical pharmacology of antineoplastic agents is being

clarified through the advent of analytical tools, such as liquid
chromatography and mass spectroscopy. Most of these drugs
are designed with the narrowest therapeutic index compared
with other branches of medicine. Study of the drugs can be
simplistically classified into pharmacokinetics (“what the body
does to the drug”) and pharmacodynamics (“what the drug does
to the body”).

3.1.1. Pharmacokinetics
Pharmacokinetics involves the study of absorption, distri-

bution, metabolism, and excretion of the drugs. Absorption has
historically not been a major issue for oncologists because most
drugs were administered intravenously. However, with the
advances in drug delivery involving orally administered molecu-
lar agents and prodrugs, this has become an issue with oral and
cutaneously absorbed drugs. Bioavailability (degree of absorp-
tion) is calculated by comparing the area under the curve (AUC)
of an oral drug to the same given intravenously.

Clearance of the drug is the most critical aspect and can be
conceptualized as being a function of drug distribution, metabo-
lism, and elimination. Drug distribution can be simplistically
visualized as being extracellular and intracellular. However, in
reality this is more complex and has to be understood as a
multicompartment model with frequent redistribution within.
The presence of sanctuary sites with poor penetration of the
drug results in relapse of tumors otherwise responsive to che-
motherapy. Distribution can also be affected by disease states,
such as cardiac failure resulting in pleural effusions and ascites
creating pathological compartments (e.g., congestive heart fail-
ure can result in pleural effusions, and administration of meth-
otrexate in this setting can result in toxicity owing to prolonged
exposure of methotrexate that accumulates in the pleural effu-
sion). Elimination is studied along two different models: linear
vs nonlinear. Linear kinetics assume that the half-life of the
drug will be constant. Nonlinear kinetics assumes that the elimi-

Fig. 2. Gompertizan model of tumor growth: relation between tumor mass, diagnosis, and treatment regimens. Growth phases: (1) high growth
phase and (2) plateau phase with slower growth. Treatment responses: (A) initiation of treatment with surgery, radiation, and/or chemotherapy;
(B) curative therapy; (C) initially sensitive tumor with secondary resistance; and (D) resistant tumor with primary resistance.
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nation of the drug is saturable resulting in different rates of excre-
tion at different concentrations resulting in variable half-lives.

The metabolism of these agents is determined by the amount
of resemblance that they show to physiologic substrate. Drugs
(e.g., purine and pyrimidine analogs) that show a resemblance
to normal metabolites are processed by the same mechanism
intracellularly as the normal metabolites. Those without resem-
blance to normal substrates, are degraded in the liver, in reac-
tions involving oxidation (controlled by the cytochrome P450
enzymes) and conjugation. Knowledge of these pathways helps
in the design of regimens and also in predicting toxicity. The
ultimate excretion of the drug from the body is via the
hepatobiliary system and/or the kidney. Reduced function of
either of these organ systems may lead to dose modification or
reduces the possibility of using certain chemotherapy agents.
Creatinine clearance is often used as a surrogate marker of renal
function. Creatinine clearance does assess the glomerular func-
tion rate, however, tubular secretion and reabsorption plays a
role in the excretion of some drugs. These changes in the renal
excretion of the drugs can alter their efficacy and toxicity pro-
file. Hepatic excretion involves a number of transport systems
including P-glycoprotein, cMOAT (Canalicular multispecific
organic anion transporter). Enterohepatic recirculation also
plays a major role, especially in the drugs metabolized by the
glucuronide pathway. The cytochrome P450 system of enzymes
is extremely important in the metabolism of certain drugs.
Up- or downregulation of the cytochrome system by other
medications being used by the patient will cause changes in the
levels of chemotherapeutic agents metabolised by this system.
Utilizing the liver function tests to modify the dosage of the
drugs metabolised is fraught by numerous pitfalls because it
does not always accurately predict the toxicity risk because
they do not accurately estimate the level of dysfunction in the
systems previously mentioned (17).

Understanding the pharmacokinetics is further complicated
by interpatient pharmacokinetic variability (18). Pharmacoge-
netic variation explains some of the variability in the response
and toxicity of patient groups to agents like 5-FU and irinotecan
(19). Deficiency of dihydropyrimidine dehydrogenase (owing
to different polymorphisms of the DPD gene), which inacti-
vates 5-FU, will lead to increased toxicity from 5-FU. The active
form of irinotecan, SN38, is inactivated via glucuronidation.
Reduced activity of UGT1A1 involved in this glucuronidation
leads to dose-limiting diarrhea and neutropenia. Patients with
Gilbert’s syndrome phenotype commonly have this abnormal-
ity. The variability in absorption of oral drugs secondary to
chemotherapy insults to the mucosa can have drastic conse-
quences both in terms of efficacy and toxicity of these agents.
Most chemotherapy regimens are dosed based on body surface
area, which is calculated by using body weight and height.
Obesity, which causes increase in the lipophilic compartment,
is not well factored into this methodology of drug dosing. The
amount of lipid penetrance of a drug can cause changes in the
drug levels in the obese. Hypoalbuminemia causing decreased
binding and increased free concentration of the drug can increase
side effects. Interdrug interactions need to be taken into account
when devising combination chemotherapy regimens.

3.1.2. Pharmacodynamics
The fundamental objective of pharmacodynamics is to under-

stand dose-response relationships (20). Phase I clinical studies
attempt to define the maximally tolerated dose and the dose-
limiting toxicities as a function of dose. Initial pharmacody-
namic principles were based on Wagner’s proposal that all
drugs will have a sigmoidal shape in their drug effect based on
the theory that drugs require a receptor interaction for their
effect (21). However, this rule is not valid for phase-specific
antineoplastic agents. When cells are not in the specific phase,
increasing the dose will not increase the sensitivity, but increasing
the exposure duration could achieve the desired effect.

Predicting toxicity and response in an individual patient has
to be based on both pharmacokinetic and pharmacodynamic
principles. Reducing drug dose for excessive toxicities is a
logical practice. Changes in the patients pharmacokinetics (sec-
ondary to altered renal or hepatic function) or pharmacody-
namics (increased sensitivity owing to prior exposure to the
drug resulting in lower reserve, usually hematologic) can be the
basis of this increase in toxicity. Whereas decreasing the drug
in the first instance results in an appropriate drug exposure in
vivo, the latter instance will potentially result in a subtherapeutic
exposure. This type of patient may be better served by switching
to an alternative chemotherapy regimen.

In most other areas of medicine, monitoring of drugs with a
narrow therapeutic index (e.g., digoxin, aminoglycosides) is
usually preformed by monitoring drug levels in the body. This
has certain limitations in antineoplastic agents because of the
use of combination chemotherapy. As mentioned earlier, inves-
tigators in pharmacodynamic studies used to correlate the total
exposure (AUC) with toxicity. However, with the realization
that threshold concentration over time is important in predict-
ing response, newer work has focused on using the same con-
cept in predicting toxicity (e.g., taxanes/topoisomerase
inhibitors). Dosing techniques, such as weekly dosing (e.g.,
taxane) and using the AUC with creatinine clearance
(carboplatin), are being used to limit toxicity without compro-
mising efficacy.

3.1.3. Drug Resistance Mechanisms
Responses of tumors can be divided simplistically into

three groups. Drug-sensitive tumors with cure, highly respon-
sive tumors with eventual refractoriness, and tumors with some
responsiveness to chemotherapy. Drug resistance has been
studied in both in vivo and in vitro models. Multiple reasons
involving anatomical, pharmacological, and biochemical rea-
sons exist for tumor resistance. There are several mechanisms
of drug resistance.

1. Reduced intracellular levels secondary to transport system
inhibition (e.g., folate transport mechanism leading to
methotrexate resistance), reduced diffusion across the cell
membrane or increased efflux (P-glycoprotein MDR1 drug
efflux pump). Classic multidrug resistance (MDR) is
secondary to overexpression of P-glycoprotein (MDR1,
P-170) (22,23). This causes increased efflux of various
antineoplastic agents from the cell leading to decreased
accumulation intracellularly. This has been implicated in
the cross-resistance pattern to anthracyclines (e.g., doxoru-
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bicin), taxanes (e.g., paclitaxel), vinca alkaloids (e.g., vinc-
ristine), and the topoisomerase inhibitors (e.g., etoposide).
Tumors that express this gene, have sometimes demon-
strated increased resistance and poor response to chemo-
therapy.

2. Alteration of drug targets including receptors (e.g.,
Thymidylate synthetase in 5-FU resistance). Increased
levels of cell protective agents (e.g., glutathione in cisplatin
resistance), which prevent oxidative damage and death of
the cell, have been implicated.

3. Defects in cellular death mechanisms. Alkylating agents
cause cell death by intrastrand DNA linkages. This results
in cell repair systems to lead to cell death. However, if this
system does not recognize the DNA defects, this will pre-
vent tumor cell death, resulting in resistance (24). Defects
in the apoptotic pathway can also involve Bcl-2 family of
proteins and other regulatory mechanisms like p53. Bcl-2
family proteins comprise both up- and downregulators of
apoptosis. Chemotherapy induced damage to cells is per-
ceived by p53, which can then initiate either apoptosis or
cell repair. Altered p53 is the most common genetic abnor-
mality seen in solid tumors. Expression of wild type p53,
changes in Bcl-2 family members can result in altered sen-
sitivity of the tumor cell to chemotherapy agents (25).

4. Modification of drug metabolism can be catastrophic to
antineoplastics that are designed as prodrugs (e.g., cyclo-
phosphamide, irinotecan, which needs to be converted to
SN-38).

5. Tumor cell heterogeneity with spontaneous genetic muta-
tions occurs even before exposure to treatment (26,27).
After chemotherapy eliminates the sensitive cells, these
resistant cells may grow to become the predominant cell
population.

Approaches to circumvent drug resistance have involved
multidrug combinations, dose escalation (e.g., high-dose meth-
otrexate, cytosine arabinoside), agents that reverse increased
efflux (e.g., PSC-833 and verapamil on MDR1 reversal), cofac-
tors that amplify drug efficacy (e.g., leucovorin with 5-FU), and
inhibition of drug inactivation. Recently, liposomal (e.g., lipo-
somal formulations of doxorubicin, cytarabine, vincristine) and
nanoparticle, albumin-stabilized formulations (e.g., nanoparticle
paclitaxel) have started coming into the forefront to overcome
drug resistance (28). These increase the delivery of chemo-
therapy to the tumor cell while minimizing toxicity. Advan-
tages of this include passive targeting to tumor, improved
delivery of hydrophobic molecules, increased stability, and
improved pharmacokinetics.

3.2. COMBINATION CHEMOTHERAPY PRINCIPLES
Single agents with few exceptions (e.g., choriocarcinoma)

are unable to achieve cure. In view of this, combination chemo-
therapy regimens have been devised to accomplish the major
objectives of attaining maximum tumor kill with minimal tox-
icity and to prevent drug resistance (29). The era began when
numerous active drugs became available simultaneously and
was used in leukemias and lymphomas. Fundamental principles
used in the selection of these drugs in combination include:

1. Drugs with activity against the tumor.
2. Different patterns of resistance.

3. Varying mechanism of action with potential synergy.
4. Non-overlapping dose-limiting toxicities.
5. Optimal dosing and timing in combination to make the

treatment free interval be the shortest.

The pragmatic view is that all curative regimens have been
of a combination nature. The relation between doses and com-
bination of these agents is complex (30). The maintenance of
dose intensity has proved to be important in the success of
many of these regimens. Reduction of dose can result in signifi-
cantly decreased cure rates, especially in the more responsive
tumors such as lymphoma, leukemia, and testicular cancer.
Thus, although responses continue to be observed with dose
reduction, residual tumor cells often persist leading to eventual
relapse and decreased survival. The concept of relative dose
intensity (amount of drug delivered in a given time frame) has
evolved through the studies of Hyrniuk (31). Drugs should be
used in their optimal schedule and dosage even when being
combined with other agents. Interval also needs to be consis-
tent, keeping the treatment-free interval to be the shortest time
necessary for resolution of the dose limiting toxicity (usually
bone marrow toxicity) to maintain dose intensity (32).

The selection of patients to receive combination chemo-
therapy has also undergone refinement. It may not be appropri-
ate for a patient with an Eastern Cooperative Oncology Group
(ECOG) performance score of 3 or less (Table 1) to be given a
toxic regimen, unless there is substantial evidence that his dis-
ease is likely to be highly treatment sensitive and he is ex-
tremely motivated in getting treatment.

Tumor response evaluation after these chemotherapy regi-
mens has also been standardized (33). The World Health Orga-
nization (WHO) criteria utilizes bidimensional measurement
whereas the Response Evaluation Criteria In Solid Tumors
(RECIST) criteria uses unidimensional measurement (Table 2).

4. TUMOR RESPONSIVENESS
It is important to understand the responsiveness of various

tumor types before devising chemotherapeutic regimens (34).
Tumors can be classified broadly into the following catego-
ries (35).

4.1. HIGHLY SENSITIVE

1. Childhood cancers like acute lymphocytic leukemia,
Wilms tumor, Ewing’s tumor, retinoblastoma, and rhab-
domyosarcoma.

2. Hodgkin’s lymphoma.
3. Carcinoma of the testis.
4. Choriocarcinoma.
5. Burkitts tumor.
6. Acute promyelocytic leukemia.

4.2. MODERATELY SENSITIVE

1. Adenocarcinoma of breast.
2. Non-Hodgkin’s lymphoma.
3. Lung cancer.
4. Osteosarcoma.
5. Adult myeloid and lymphocytic leukemia.
6. Carcinoma of the prostate.
7. Colorectal carcinoma.
8. Female cancers of the ovary, endometrium, and cervix.
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Table 1
ECOG Performance Status Scale

Status Definition

0 Normal activity
1 Some symptoms, but ambulatory
2 In bed <50% of the time
3 In bed >50% of the time
4 100% bedridden

Table 2
World Health Organization (WHO) and Response Evaluation

Criteria In Solid Tumors (RECIST) Criteria for Tumor
Response

WHO RECIST
bidimensional unidimensional

Measurability measurement measurement

Number of lesions 5/organ; total of 10 No maximum number
measured specified

Objective responses

Complete response Disappearance of all Disappearance of all
(CR) known lesion(s); known lesion(s);

confirmed at 4 wk confirmed at 4 wk
Partial response More than 50% decrease; More than 30%

(PR)  confirmed at 4 wk decrease; confirmed
at 4 wk

Stable disease Neither PR nor PD Neither PR nor PD
(SD) criteria met criteria met

Progressive disease 25% increase; no CR, PR, 20% increase; no CR,
(PD) or SD documented PR, or SD

before increased disease, documented before
or new lesion(s) increased disease, or

new lesion(s)

4.3. MINIMALLY SENSITIVE

1. Endocrine gland cancers.
2. Malignant melanoma.
3. Hepatocellular carcinoma.
4. Renal carcinoma.
5. Pancreatic carcinoma.

5. TIMING OF CHEMOTHERAPY
The role of chemotherapy can be divided into several differ-

ent clinical settings (36).
5.1. INDUCTION CHEMOTHERAPY
Induction chemotherapy is the use of drugs given as primary

treatment when no alternative viable treatment modalities exist.
An example would be the use of anthracyclines and cytosine
arabinoside in the treatment of acute myeloid leukemia to in-
duce a complete remission.

5.2. NEOADJUVANT (PRIMARY) CHEMOTHERAPY
Neoadjuvant (primary) chemotherapy is the use of chemo-

therapy as the initial treatment and is given in the hope of reduc-
ing the extent of local treatment needed or to increase its
effectiveness. This would also address micrometastases and be
an effective bioassay to assess responsiveness of the tumor to

chemotherapy. An example would be the use of chemotherapy
to decrease the extent of surgical resection in breast cancer or
along with radiation in other malignancies to deem a tumor
surgically resectable.

5.3. ADJUVANT CHEMOTHERAPY
Adjuvant chemotherapy is used after eradication of all mea-

surable disease with local treatment (surgery and/or radiation).
The rationale is to treat microscopic disease to prohibit local or
distant relapse (37). This is used after optimal local treatment
so that tumor mass would be at a minimum, enhancing the
efficacy of antineoplastic agents. This is used commonly in
numerous different malignancies including breast cancer (38)
and ovarian cancer.

5.4. MAINTENANCE CHEMOTHERAPY
Maintenance chemotherapy is used usually at lower doses to

prolong the duration of remission achieved with more aggres-
sive treatment. This is used in acute lymphocytic leukemia and
is being tested in clinical trials in other diseases like ovarian
cancer, lymphoma, and others.

5.5. PALLIATIVE CHEMOTHERAPY
Palliative chemotherapy is used solely in the hope of palli-

ating symptoms of the patient when the cancer is deemed incur-
able by any modality or combination. It does not require
symptoms to be present; it is used with the hope of preventing
symptoms from appearing or reoccurring or to prolong life if
possible. This has been used in varying combinations with
radiation, surgery, or as a single modality in cancers such as
lung, prostate, and several others.

6. HIGH-DOSE CHEMOTHERAPY AND STEM
CELL TRANSPLANTATION

High-dose chemotherapy involves the use of dose-intensive
chemotherapy with or without radiation followed by rescue
with hematopoietic stem cells and is predicated on the concept
that there is a dose-response relationship for a specific regimen
in certain tumors. This modality is used in hematologic malig-
nancies (e.g., leukemia, lymphoma, myeloma), and also where
high-dose chemotherapy has proven helpful in some solid
malignancies (e.g., relapsed germ cell cancer) where hemato-
logic toxicity would prevent curative doses to be administered.
Stem cell source can be peripheral blood or directly from the
bone marrow. Different sources of donor stem cells can be used
and we have briefly described the salient features of each in
Sections 6.1. and 6.2.

6.1. ALLOGENEIC BONE MARROW TRANSPLANTATION
Allogeneic bone marrow transplantation involves obtaining

the stem cells from a donor who has some human leukocyte
antigen (HLA)-match with the patient. This can include
matched related donor (e.g., sibling), matched unrelated donor
(e.g., HLA-matched donor from the bone marrow registry), stored
cord blood, syngeneic (e.g., twin sibling), and haploidentical
transplantation (e.g., sibling/parent who is half-matched to the
patient). Complexities of allogeneic bone marrow transplanta-
tion involve immunosuppression after the transplant to prevent
rejection of the donor cells by the host. This milieu of intense
cytotoxic damage to the bone marrow and immunosuppression
allows the donor graft cells to launch a response against the
recipient termed as graft-vs-host disease (GVHD). GVHD can
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also have a positive effect on the tumor by having a graft vs tumor
effect, which can be curative in some malignancies like chronic
myelogenous leukemia. Advantages of allogeneic bone marrow
transplantation include the graft-vs-tumor effect, curative option
in patients with tumor involvement of the bone marrow, and no
tumor contamination of the graft cells. Disadvantages include
GVHD, higher treatment-related mortality, higher infectious
complications secondary to immunosuppression needed after
transplant, and the need to locate a suitable donor.

6.2. AUTOLOGOUS BONE MARROW
TRANSPLANTATION

Autologous bone marrow transplantation uses the patient’s
own hematopoietic stem cells, which are harvested and
cryopreserved before treatment initiation. After the comple-
tion of high-dose chemotherapy and/or radiation, this is then
reinfused. Advantages include no immunosuppressive therapy
needed after infusion of stem cells, no GVHD, can be used for
older patients, no donor needed, and lower treatment related
mortality of about 2 to 5%. Disadvantages are that there is no
graft vs tumor effect, and it also cannot be used effectively if
there is involvement of the stem cells with the malignancy.

7. REGIONAL CHEMOTHERAPY

Regional chemotherapy is used to deliver a higher concentra-
tion of the drugs by direct instillation into the specific regions
affected by the tumor. This exposes the tumor to a higher concen-
tration of the drug for a longer period of time than can be done
safely by systemic administration avoiding systemic toxicities.
This also prevents the removal of the agent by first-pass
metabolism through the liver. Advances in interventional
radiology-guided procedures over the last decade has allowed
the evolution of this from a theoretical dream to a practical
possibility. The extreme pharmacokinetic advantage from this
technology is however limited by several practical issues (39).
Indications and clinical trials in this technology are being
explored. Current examples include intrathecal therapy in the
treatment and prevention of meningeal leukemia, intravesical
therapy for bladder cancer, intraperitoneal chemotherapy in
ovarian cancer, and intrahepatic therapy for cancer in the liver.

8. CHEMOTHERAPEUTIC AGENTS (40)

8.1. ALKYLATING AGENTS
These agents form the backbone of numerous regimens.

They were initially discovered during World War II and then
initiated the era of modern chemotherapy in combination regi-
mens. They impair cell function by transferring alkyl groups to
amino, carboxyl, phosphate, or sulfhydryl groups of nucleic
acids (DNA and RNA). The most actively alkylated site is the
N-7 position of guanine. This results in crosslinked DNA
strands that cannot replicate, impaired transcription of RNA,
and other damage to the genetic material. They are cell cycle
specific, however, not phase specific. They have traditionally
been divided into five classes, however, the platinum com-
pounds because of a similar mechanism of action have been
included as a sixth class. Nausea, vomiting, alopecia, and
myelosuppression are fairly common acute side effects of this
class of agents. They can also cause secondary acute leukemia
several years after the onset of therapy, typically preceded by

a myelodysplastic phase of variable duration. This is associated
with abnormalities of chromosome 5, 7, or 8 (Table 3).

8.2. ANTIMETABOLITES
Antimetabolites have been used since 1948, when they first

produced temporary remission in children with acute lympho-
blastic leukemia. Subsequently, methotrexate proved that che-
motherapy could cure cancer as a single agent in gestational
trophoblastic neoplasia. These constitute a large group of drugs,
which interfere with the building blocks of DNA/RNA synthe-
sis. They can be structural analogs of normal molecules needed
for cell growth or inhibit enzymes needed for the synthesis of
essential compounds. Therefore, their activity is greatest in the
S phase of the cell cycle. Pharmacokinetics is characterized by
their nonlinear dose–response curve (exception being 5-FU).
After a certain dose, there is no more cell death, however, in-
creasing the length of time that the cells are exposed will in-
crease the cell killing potential (Table 4).

8.3. ANTITUMOR ANTIBIOTICS
They are generally derived from micro-organisms. They

interfere with DNA by intercalation, wherein the drug inserts
between DNA basepairs. This interferes with DNA replication
and messenger RNA production. They also interfere with
topoisomerase function. They are cell cycle-nonspecific drugs.
This increases their importance in combination chemotherapy
regimens where they are an extremely important component
against slow-growing tumors with a low growth fraction. As a
class they tend to be vesicants, and need to be given with extreme
precaution to prevent extravasation causing skin necrosis and
ulceration. Common side effects include nausea, vomiting,
alopecia, and myelosuppression. Several of these agents
synergize with the effect of radiotherapy, and caution should be
exercised if both modalities are to be used (Table 5).

8.4. TUBULIN-TARGETING AGENTS
Early studies on anti-tubule drugs were done on colchicine,

which was developed by the ancient Egyptians to treat gout.
This class now includes the vinca alkaloids and taxanes. The
primary target of these drugs is the mitotic spindle, which has
led to the broad terminology of mitotic spindle poisons. The
vinca alkaloids bind to microtubular proteins inhibiting their
assembly (M phase), leading to mitotic spindle dysfunction,
mitotic arrest, and eventually cell death from apoptosis. The
taxanes bind to tubulin polymers, promoting their assembly,
but make them resistant to depolymerization resulting in non-
functional microtubules (Table 6).

8.5. TOPOISOMERASE INHIBITORS
Podophyllotoxins were used as a folk remedy by the Native

Americans for its gastrointestinal effects of catharsis, emesis,
and antihelminthic properties. In Russia, peasants use them as
simple anti-cancer agents. Semisynthetic glycosides of this
called the epipodophyllotoxins (etoposide and tenoposide) have
been in clinical use for a long period of time. Recently we have
seen the development of camptothecin derivatives (irinotecan
and yopotecan). DNA attachment to the nuclear matrix occurs
at areas called “domains.” Topoisomerases bind to these areas,
forming a complex allowing DNA to unwind for cell division.
Topoisomerase I helps in the relaxation of supercoiled DNA,
whereas topoisomerase II catalyzes the breaking and resealing
of DNA. These enzymes are crucial in several critical steps of
the cell cycle. Epipodophyllotoxins inhibit topoisomerase I and
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Table 3
Major Alkylating Agents in Clinical Practice

Drug Pharmacology Uses Toxicity

Busulfan Clinical response seen in 2 wk. Catabolized Chronic myelogenous Dose-limiting toxicity (DLT)
(Myleran™, Busulfex)  in the liver to inactive products, which are leukemia (CML), polycythemia vera, � reversible and irreversible

renally excreted. bone marrow transplantation myelosuppression, with slow
(BMT) recovery. High doses for

BMT can result in seizures
and is given with anti-
epileptics.

Carboplatin Second generation platinum compound Ovarian, endometrial, lung. DLT � Myelosuppression
(Paraplatin™) similar to cisplatin with different toxicity. especially thrombocytopenia.

Half-life is shorter than cisplatin. Dosage typically done by area
under the curve (AUC) with
Calvert’s formula.

Cisplatin First heavy metal anti-neoplastic. Long half-life, Widely used. Testicular, DLT � Cumulative
(Platinol™) may remain in tissues for months. Poor central bladder, cervical, head, and nephropathy, which can be

nervous system (CNS) penetration. Primarily neck cancer. reduced to �5% with
excreted in the urine. Clinical cross-resistance vigorous hydration.
with carboplatin. Cumulative peripheral

sensory neuropathy.
Ototoxicity with tinnitus and
high-frequency hearing loss.

Cyclophosphamide Both oral and intravenous forms. Requires Used widely. Leukemia, DLT � myelosuppression.
(Cytoxan™) activation in the liver to form acrolein and lymphoma, breast, myeloma, High dose as preparation

an alkylating metabolite. Drugs affecting  BMT. for BMT can cause cardiac
microsomal enzymes will affect efficacy. necrosis. Hemorrhagic

cystitis is secondary to a
metabolite and can be
prevented by hydration and
mesna.

Dacarbazine Requires activation by the microsomal Melanoma, DLT � myelosuppression.
(DTIC™)  enzymes in the liver. Hodgkin’s lymphoma.

Ifosfamide Intravenous formulation. Requires activation Non-Hodgkin’s lymphoma, DLT � myelosuppression.
(Ifex) in the liver similar to cyclophosphamide sarcoma. Hemorrhagic cystitis. High

doses can lead to
encephalopathy.

Melphalan Oral and iv forms. Acts directly. Multiple myeloma, ovarian. DLT � myelosuppression, can
(Alkeran) be cumulative and recovery

prolonged.

Nitrosureas Highly lipid soluble. Rapidly biotransformed. Brain cancer, melanoma. DLT � myelosuppression,
lomustine (CCNU™), can be prolonged and
and carmustine cumulative. Nausea and
(BCNU™) vomiting can last up to 24 h.

Streptozocin Nitrosurea compound. Short plasma half-life. Endocrine tumors. DLT � Nephrotoxicity initially
(Zanosar™) as proteinuria and progresses

to renal failure if drug is
continued. Gastrointestinal
(GI) toxicity.

Temozolamide Oral medication, which is activated Anaplastic astrocytoma, DLT = Myelosuppression
(Temodar™) spontaneously to the same active metabolite melanoma, glioma. especially thrombocytopenia.

as DTIC. Moderate gastrointestinal side
effects.
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Table 4
Antimetabolites in Clinical Practice

Drug Pharmacology Uses Toxicity

Azacitidine Requires phosphorylation to be activated. Myelodysplastic syndrome. Dose limiting toxicity
(Vidaza™) Interferes with nucleic acid metabolism. (DLT) � myelosuppression.

Capecitabine Prodrug of 5-FU, which can be given Breast, colon cancer. DLT � diarrhea. Hand-foot syndrome
(Xeloda™) orally. is common and can be dose limiting.

Cytarabine Phosphorylated metabolite competitively Acute leukemia, CML, DLT � myelosuppression. High doses
(Ara-c, Cytosar™) inhibits enzymes of DNA synthesis and meningeal leukemia. can lead to cerebellar toxicity.

repair. Conjunctivitis occurs with high dose,
which can be reduced with prophylactic

steroid eye drops.

Fludarabine After activation inhibits DNA synthesis Chronic lymphocytic leukemia, DLT � cumulative myelosuppression.
(Fludara™) enzymes. indolent lymphomas. Increased frequency of opportunistic

infections (e.g., pneumocystis, listeria,
and cryptococcus).

Fluorouracil Inhibition of thymidylate synthetase by Carcinoma of colon, breast, DLT � myelosuppression (more common
(5-FU™) inhibits DNA synthesis. Other metabolites rectum, stomach, pancreas, with bolus regimens), mucositis, and

may interfere with RNA function. Differs esophageal, head, and neck. diarrhea (more common with infusion
from other antimetabolites in having a regimens). Other toxicities include
log linear cell kill. Leucovorin enhances cardiac, excessive lacrimation, nasal
the action by acting at thymidylate discharge, and cerebellar toxicity.
synthetase.

Hydroxyurea Inhibits nucleotide reductase inhibiting CML, myeloproliferative DLT � Myelosuppression, which
(Hydrea™) DNA synthesis. Oral drug. disorders. recovers rapidly. Long term use

possibly implicated in acute leukemia.

Methotrexate Synthetic analog of folic acid, which blocks Choriocarcinoma, ALL, DLT = Myelosuppression, stomatitis,
(MTX™) the enzyme Dihydrofolate reductase pre- meningeal leukemia, sarcoma, renal dysfunction, and neurotoxicity,

venting formation of reduced folic acid and bladder cancer. depending on dose and duration of use.
that interferes with vital cellular enzymes. Leucovorin rescues normal tissues

from toxicity and is used in high dose
regimens.

Table 5
Antitumor Antibiotics

Drug Pharmacology Uses Toxicity

Actinomycin D Extensively tissue bound with long half-life Wilms tumor, sarcoma. DLT � myelosuppression.
(Dactinomycin™) (36 h).

Bleomycin Activated by microsomal reduction. Lymphoma, testicular cancer. Chills and febrile reactions that are
(Blenoxane™) Radiation sensitizer. infusion related. Pneumonitis can occur

4–10 wk after initiation.

Doxorubicin Extensively plasma protein bound with long Extensively used. breast, DLT � myelosuppression, commonly
(Adriamycin™), half-life. Liposomal formulation (Doxil) bladder, lymphoma, leukemia, leukopenia. Cardiomyopathy with CHF
epirubicin is used in Kaposi’s sarcoma, ovarian and gastric cancer. is more frequent after a cumulative dose
(Ellence™) is an carcinoma. Idarubicin (Idamycin) is of 550 mg/m2 (400 mg/m2 with
epimer of another anthracycline with a better previous mediastinal irradiation).
doxorubicin cellular uptake. Dexrazoxane may have

cardioprotective effects.

Mitomycin Also functions as an alkylating agent Gastric, pancreatic carcinoma. DLT � myelosuppression, which can be
cumulative and prolonged.
Thrombocytopenia may occur up to 8 wk.
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camptothecins inhibit topoisomerase II. Anthracyclines also
exhibit topoisomerase inhibition. Topoisomerase II inhibitors
can cause secondary leukemia with a shorter latency period
than with alkylating agents (2–4 yr) and not typically preceded
by a myelodysplastic phase. They are associated with a bal-
anced translocation involving chromosome 11 (11q23) or 21
(21q22) (Table 7).

8.6. HORMONAL AGENTS
Hormones are pivotal in the development and growth of

several organs. Numerous hormonal manipulations have been
tried in cancers originating from organs where hormones are
regulatory in the function or development of the tumor akin to
the target organ.

8.6.1. Tamoxifen (Nolvadex™)
Arguably, the most famous of the hormonal agents, has been

the focus of trials involving thousands of patients. It is a non-
steroidal agent that exerts its effect by binding to estrogen re-
ceptors and may exert antiestrogenic, weak estrogenic, or both
effects. Is being used in breast cancer in both the adjuvant and
metastatic settings. Side effects include hot flashes, menstrual

changes, “flare response” in the first month of therapy, throm-
bosis, and increased occurrence of endometrial cancer when
used long term.

8.6.2. Aromatase Inhibitors
These include steroidal (exemestane/Aromasin®) and non-

steroidal (anastrozole/Arimidex®, letrozole/Femara®) agents
with minor differences in their pharmacokinetic and pharma-
codynamic profiles. They act by inhibiting aromatase, which
converts adrenal androgens to estrogens in peripheral tissues
and the tumor cells. It is used primarily in postmenopausal
women with breast cancer in the adjuvant and metastatic set-
ting. Toxicities include antiestrogen effects related to os-
teoporosis, vaginal bleeding, and musculoskeletal side effects.

8.6.3. Adrenocorticosteroids (Dexamethasone, Prednisone)
These are used in a wide variety of tumor conditions both for

treatment and for symptom control. Prominent among its uses
include symptomatic brain metastases, spinal cord compres-
sion, combination chemotherapy regimens to enhance cytotox-
icity, immune cytopenias in chronic lyphocytic leukemia, and
prophylaxis against chemotherapy induced nausea/vomiting.

Table 6
Tubulin Targeting Agents

Drugs Uses Toxicity

Docetaxel Breast, non-small cell lung, ovarian, and prostate. DLT � myelosuppression. Fluid retention is dose dependent,
(Taxotere™) secondary to increased capillary permeability and is reversible.

Hypersensitivity reactions similar to paclitaxel (despite not being
formulated in cremophor) can occur.

Paclitaxel Breast, non-small cell lung, and ovarian carcinoma. DLT � myelosuppression. Hypersensitivity (3%) to cremophor
(Taxol™) (carrier vehicle) occurs usually within 20 min of initiating

treatment, 90% of which happen within the first two doses.
Premedication with steroids and histamine blockers is routinely
recommended. Peripheral neuropathy is dose dependent.

Vincristine Widely used in combination regimens secondary DLT � dose-dependent peripheral neuropathy universally develops.
(Oncovin™) to minimal myelosuppression. It is reversible, however, can take several months. This can result

in cranial nerve palsies, abdominal pain, obstipation, ataxia, foot-
drop, cortical blindness, and seizures.

Vinorelbine Non-small cell lung cancer and breast cancer. DLT � myelosuppression.
(Navelbine™)

Table 7
Topoisomerase Inhibitors

Drugs Pharmacology Uses Toxicities

Etoposide Can be used orally and intravenously. Germ cell tumor, lung cancer, Dose-limiting toxicity (DLT) �
(VP-16™) Bioavailability is 50%, however, lymphoma, and bone neutropenia. Gastrointestinal toxicities

it is non-linear and decreases marrow transplantation (BMT). common with oral drug.
with doses higher than 200 mg.

Irinotecan Needs to be activated to SN-38. This Colorectal and lung cancer. Early diarrhea within 24 h of the infusion
(CPT-11™, Camptosar™) conversion occurs primarily in the is cholinergic and is controlled with

liver, but can also occur in the atropine. Late diarrhea is owing to SN-
plasma and in the intestinal mucosa. 38 and needs to be controlled with

antibiotics and loperamide.

Topotecan Lactone ring form is the active Ovarian and small cell lung DLT � Myelosuppression. Gastrointes-
(Hycamtin™) ingredient. cancer.  tinal side effects are common too.
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Side effects are numerous, which are also enhanced by long term
use. Peptic ulcer disease, myopathy, hypertension, osteoporo-
sis, psychosis, and susceptibility to infection are among the
most dreaded complications.

8.6.4. Luteinizing Hormone-Releasing Hormone (LHRH)
Agonists (Leuprolide/Lupron™, Goserelin/Zoladex™)

It desensitizes the LHRH receptor resulting in castrate lev-
els of testosterone in men and estradiol in women within a
fortnight of administration. Uses include breast and prostate
cancer. Usually administered in injection form once every 1 to
3 mo. Side effects are related to hormone depletion and include
hot flashes, decreased libido, impotence, gynecomastia, and
amenorrhea.

8.6.5. Progestins (Medroxyprogesterone/Depo-Provera™,
Megestrol/Megace™)

Works at the progesterone receptor level. Has been used in
breast carcinoma, prostate carcinoma, endometrial carcinoma,
and as an appetite stimulant. Side effects include menstrual
changes and fluid retention.

8.6.6. Antiandrogens (Bicalutamide, Flutamide, Nilutamide)
Nonsteroidal agents, which inhibit androgen binding at

receptor level competitively. Its use complements medical
(LHRH agonists) or surgical (orchiectomy) treatments for pros-
tate cancer, which by themselves would result in reduction of
testicular but not adrenal androgen production. Side effects are
related to androgen depletion.

8.7. BIOLOGICAL AGENTS
These agents evoke immune responses, which target recep-

tors, signaling pathways, or tumor stroma, to induce tumor
regression.

8.7.1. Interleukin (IL)-2 (Aldesleukin™)
It is a highly purified lymphokine, which possesses

immunomodulatory capacity related to T-cell and NK-cell ac-
tivation, generation of lymphokine-activated killer cell activ-
ity, and production of . -interferon by macrophages. It has
induced tumor regression in renal cell carcinoma and mela-
noma. High-dose therapy is toxic and can cause capillary leak
syndrome leading to hypotension, cardiac arrhythmias, and
several other organ system toxicities.

8.7.2. Interferons
This family consists of more than 20 related, antigenically

discrete proteins with immunomodulatory function. In this
group, interferon-α has been most studied in malignancies.
They are believed to work by immunomodulation involving
cytotoxic T-lymphocytes, NK-cell activation, and induction of
major histocompatibility complex. It is being used in mela-
noma, chronic myelogenous leukemia, hairy cell leukemia, re-
nal cell carcinoma, Kaposi sarcoma, low-grade lymphoma, and
multiple myeloma. Toxicities include flu-like syndrome, which
is almost universal, myelosuppression, and elevated liver func-
tion tests.

8.7.3. Octreotide (Sandostatin)
Octreotide (sandostatin) is a long acting-somatostatin ana-

log, which inhibits the secretion of various gastrointestinal
enzymes. Antitumor efficacy is still investigational, however,
it has demonstrated activity in the control of symptoms in
carcinoid syndrome, VIP-secreting tumors, or secretory diar-
rhea caused by chemotherapeutic agents. Toxicities are mostly gas-
trointestinal causing abdominal pain, vomiting, and loose stools.

8.8. TARGETED THERAPY
Ever since Paul Ehrlich proposed the concept of the “magic

bullet” to cure each disease with a specific targeted drug in his
work with microbes, there has been a constant optimism that
this will be true for cancer. Although some of the antineoplastic
agents previously discussed do represent targeted therapy, they
truly have widespread effects as reflected by their toxicity pro-
file. Discovery of drugs with targets that are differentially
expressed (quantitatively or qualitatively) in neoplastic cells
would result in higher efficacy with minimal toxicity. Recently,
with better understanding of the molecular pathways, more of
these targeted therapies are coming into the forefront.

8.8.1. Imatinib Mesylate (Gleevec™, STI-571)
Imatinib mesylate (Gleevec, STI-571) has been the dream

drug of the last decade and has generated a large amount of
enthusiasm among cancer researchers to devise more of the
targeted agents. It is a signal transduction inhibitor that inhibits
the BCR-ABL protein and related tyrosine kinases, which is the
constitutive abnormality created by the Philadelphia chromo-
some (reciprocal translocation between the long arms of chro-
mosome 9 and 22) in chronic myeloid leukemia. This inhibits
differentiation, proliferation, and induces apoptosis in Bcr-Abl
positive cells. Gastrointestinal stromal tumors (GIST) with
c-kit protooncogene overexpression have also expressed
responsiveness to imatinib believed to be secondary to tyrosine
kinase inhibition. Toxicities are fluid retention, nausea/vomit-
ing, and myelosuppression.

8.8.2. HER Family of Membrane Receptors
This is composed of four members HER1 (also termed as

epidermal growth factor receptor [EGFR]), HER 2 (ErbB2 or
HER2/Neu), HER3, and HER4. They have a similar structure
with an extracellular ligand binding domain, a transmembrane
domain, and an intracellular domain with tyrosine kinase activ-
ity. Binding of ligands to the receptor can initiate signal trans-
duction cascades, which influence numerous pathways in the
cell cycle. These receptors are overexpressed in many malig-
nancies.

• HER1 (EGFR) receptor has been targeted using mono-
clonal antibodies (MAbs) against the external domain and
tyrosine kinase (TK) inhibitors which compete with ad-
enosine triphosphate to bind to the receptor’s kinase
pocket. Cetuximab (IMC-C225) is a chimeric human-
mouse MAb, which has recently been approved for use in
metastatic colon cancer. Gefitinib (Iressa) is an oral TKI,
which is being used in non-small cell lung cancer. This has
proven higher efficacy in female nonsmokers who devel-
oped lung cancer and also in bronchoalveolar carcinoma of
the lung. Side effects of these agents include diarrhea, skin
rash, and acne.

• HER2 has been shown to be dramatically overamplified in
breast cancer tumors (30%). Trastuzumab (Herceptin) is a
MAb, which targets the extracellular domain of HER2.
This combined with chemotherapy has improved progres-
sion and overall survival in metastatic breast cancer, which
overexpress HER2. This represents the first successful
HER targeted therapy. Cardiotoxicity leading to conges-
tive heart failure can occur with this agent. In view of this,
it is not being used concurrently with anthracyclines. Infu-
sion related hypersensitivity reactions also occur in half of
the patients, usually with the first infusion.
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8.8.3. Vascular Endothelial Growth Factor (VEGF) Pathway
Angiogenesis is crucial for tumor growth, and this is pro-

moted by oncogene-driven expression of VEGF, interleukins,
and other growth factors. In tumors, VEGF is constitutively
overexpressed as compared to normal tissue, and is further
increased by hypoxia. This has been targeted with MAbs and
TKI similar to the approach in the HER family. Bevacizumab
(Avastin™) is a recombinant humanized MAb against VEGF
that has been recently approved in metastatic colorectal cancer.
This is now being actively studied in combination with chemo-
therapy and other targeted therapies in other different cancers.
Toxicities include GI perforation, poor wound healing, hyper-
tension, and nephrotic syndrome.

8.8.4. Rituximab
MAbs in hematological malignancies began with the use of

Rituximab (Rituxan™), which is a chimeric human/murine
MAb directed against the CD 20 antigen found on normal and
malignant B lymphocytes. Attachment to this antigen leads to
B-cell lysis. This has proven to be extremely effective as single
agent or in combination with chemotherapy, resulting in effec-
tive treatment options for CD20 positive non-Hodgkin’s lym-
phoma and chronic lymphocytic leukemia. Side effects are
mainly infusion related and hypersensitivity reactions.
Alemtuzumab (Campath™) is a recombinant humanized MAb
directed against the CD 52 expressed on most normal and
malignant B and T lymphocytes, NK cells, monocytes, and
macrophages, but not on hematopoietic stem cells or mature
plasma cells. It is used mainly in chronic lymphocytic leukemia.
Toxicities include infusion related reactions and immunosup-
pression, which can lead to opportunistic infections.
Gemtuzumab Ozogamicin (Mylotarg) is a MAb against CD 33
linked to an antibiotic calicheamicin. CD 33 is expressed on
myeloid leukemia cells and this results in cytotoxicity from
this compound. Side effects are infusional and hepatoxicity.
Radioimmunoconjugates (Ibritumomab [Zevalin®] and
Tositumomab [Bexxar®]) have been developed combining
MAb with radioactive molecules. These have been approved in
the treatment of non-Hodgkin’s lymphoma. Side effects in-
clude infusion-related toxicities and myelosuppression.
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1. INTRODUCTION

The correct treatment of any spinal column tumor depends
on a number of characteristics or factors unique to the indi-
vidual patient and their individual tumor. There is a broad spec-
trum of therapies available to treat spinal tumors, ranging from
observation to total vertebrectomy. Both undertreatment and
overtreatment can lead to trouble. A successful surgical plan
follows from a concise, step-wise investigational algorithm:

1. Identify and characterize the tumor.
2. Classify the tumor as stage and extension.
3. Identify an indication for surgery—relative or absolute.
4. Review the non-operative options.
5. Review the options for resection and reconstruction.
6. Determine the role of adjuvant therapy.
7. Formulate a treatment plan that takes all steps into consid-

eration.

The physician evaluating a patient with a suspect spinal lesion
for the first time is faced with a hierarchy of clinical questions
that must be answered before a definitive plan can be proposed.
Is this tumor benign or malignant? If malignant, is it primary or
metastatic? Is the patient systemically ill or fit? Is the tumor
slow-growing, locally aggressive, or widely disseminated? Is there
any neurological compromise? Is there a fracture or instability?

The spectrum of potential therapies runs the gamut from
simple diagnosis and observation to radical resection and re-
construction depending on the tumor and its stage (Table 1).
The physician cannot reliably offer the patient the best treat-
ment until all of the previous questions have been adequately
addressed.

In any event, tumors arising in the spinal column present
special problems compared to tumors in other areas of the
musculoskeletal system. A true radical excision cannot be

Table 1
The Role of Surgery With Respect to Tumor Type

Treatment option Tumor types

Observation Indolent and clearly benign tumors—
hemangioma, osteochondroma, bone
island or infarct.

Radiotherapy Metastatic lesions from a radio-sensitive
primary—disseminated myeloma, breast
carcinoma.

Chemotherapy Metastatic lesions from a chemosensitive
primary tumor—thyroid (usually with
radiotherapy).

Intralesional excision- Benign tumors with limited potential for local
curettage recurrence—aneurysmal bone cyst,

osteoblastoma, and metastatic lesions in
which local control will be obtained
through radiotherapy.

Marginal excision Locally aggressive benign lesions—giant cell
(with or without tumor; primary and metastatic lesions.
adjuvant cryotherapy sensitive to radiotherapy—solitary plasmacy-
or radiotherapy) toma, breast/prostate metastases; and low-

grade malignancies—soft-tissue
chondrosarcoma.

Wide excision All primary malignancies without known
(modified) metastases—osteosarcoma, chondrosarcoma,

chordoma; solitary metastases with
likelihood of prolonged survival—breast,
prostate, renal cancer; locally aggressive
benign tumors—giant cell tumor.

achieved in the spinal column, because any break in the verte-
bral ring violates the osseous “compartment.” The necessary
cuts through the bony ring of the vertebra may expose normal
tissues to contamination even in well-circumscribed tumors.
Hemorrhage from the cut bone surfaces can spread tumor cells
throughout the surgical field, reducing the chance for local
control. If the tumor has extended beyond the vertebral cortex,
even a marginal excision may be hard to obtain. A tumor that
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adheres to or invades the dura mater or aorta may prove diffi-
cult or impossible to resect, and tumor that involves the vena
cava is usually unresectable. In these cases the risks of attempt-
ing a wide resection with vascular or dural grafting must be
weighed against those of following up a marginal excision with
adjuvant radiation.

2. GOALS OF SURGICAL TREATMENT
2.1. TREATMENT OF METASTATIC SPINAL TUMORS

When conservative therapy fails to control metastatic dis-
ease, the physician must determine whether surgery is likely to
improve the patient’s function, quality of life, or longevity.
Patients with an asymptomatic or minimally symptomatic spi-
nal metastasis often do not require surgery. In cases of severe
pain, segmental instability, or neurological compromise, how-
ever, operative intervention may provide great benefit.

2.2. TREATMENT OF PRIMARY BENIGN TUMORS
The principle reasons for operating on benign tumors are to

establish the diagnosis, treat pain, and to prevent local tumor
expansion. Intralesional excisions are adequate in many tumor
types (aneurysmal bone cyst, osteoblastoma) and should be
carried out through the most direct approach with the least
disruption of normal vertebral elements.

2.3. TREATMENT OF PRIMARY MALIGNANT TUMORS
In primary malignancies, the principle goal of surgical treat-

ment is local control of the disease. Plan the approach and
resection to give the best chance of an adequate resection mar-
gin with the least disruption of vertebral stability.

3. INDICATIONS FOR SURGERY

Patients with spinal malignancies are often compromised
and at higher risk for surgical and medical complications after
aggressive treatment. If surgery is offered as part of the treat-
ment plan, there must be a clear rationale with well-defined
goals and benefits. Patients with metastases from a known pri-
mary, or with a peripheral metastasis that can be biopsied eas-
ily, may not require any spinal procedure. Unless there is
neurological impingement or mechanical instability, radiation
or chemotherapy can often retard tumor progression and con-
trol the spinal lesion from radio-sensitive primaries. The
broadly accepted indications for surgical treatment of a spinal
tumor include:

1. Inability to establish a tissue diagnosis by other methods.
2. Neurological compression owing to pathological fracture

with bony impingement.
3. Mechanical instability with severe pain or impending neuro-

logical injury.
4. Tumor progression in face of, or following radiotherapy.
5. Known radio-resistant tumor.
6. Primary malignant tumor without known metastases.
. Resectable solitary metastasis in patient with potential

long-term survival.

3.1. DIAGNOSIS AND BIOPSY
Biopsy is necessary in undiagnosed metastatic disease and

all but a few primary lesions.
When the differential diagnosis is limited to lesions that are

easily distinguished histologically, needle biopsy is ideal. Fine-

needle aspiration or biopsy can be carried out with computed
tomography (CT) guidance and minimal risk to the patient. The
sample obtained is small, and there is a possibility of sampling
nondiagnostic regions of the tumor. Needle biopsy is not ad-
equate to differentiate cartilage tumors, osteoblastic tumors, or
most spindle cell tumors, but can distinguish between infec-
tion, adenocarcinoma, and sarcoma. Craig-needle biopsy is
more likely to obtain diagnostic material, but is also more inva-
sive. More subtle differentials usually require an open biopsy.

Incisional biopsy is carried out as the last step in tumor
staging, just before or at the time of definitive resection. A
section of tissue large enough for histological and ultrastruc-
tural analysis, as well as immunological staining, should be cut
from the margin of the lesion using a sharp scalpel. Central
sections of an aggressive tumor may be necrotic. Occasionally,
circumscribed lesions may present an opportunity for en-bloc
excision at the first procedure. There are only a few tumors (i.e.,
chondrosarcoma) that present so classic an image that vertebrec-
tomy may be planned without first obtaining a biopsy specimen.

3.2. DECOMPRESSION
Acute spinal cord compression typically results from rapid

tumor growth or bony destruction leading to an acute patho-
logical fracture (1,2). Patients with rapidly progressive paraly-
sis owing to compression have a poor prognosis for recovery.
Although between 60 and 95% of ambulatory patients will
retain that ability after treatment, only 35 to 65% of
paraparetic patients and less than 30% of paraplegic patients
will regain the ability to stand and walk after either surgical or
medical treatment (3,4).

Compression may be caused by the tumor’s enlarging soft
tissue mass, a pathological fracture forcing bone fragments into
the canal, vertebral collapse and kyphosis, or direct metastasis
or extension into the meninges or epidural space (5,6). Surgical
decompression is absolutely indicated in cases of bony com-
pression or rapidly progressive paraplegia from any other cause.
Early recognition and treatment of spinal cord compression is
necessary to prevent permanent neurological injury.

3.3. STABILIZATION
Modern spinal instrumentation is rigid, attaches to the spine

at multiple points, and is able to function even in segments that
have no laminae or suffer from poor bone quality. Used cor-
rectly, instrumentation prevents early progressive deformity
owing to bone destruction, limits pain because of segmental
instability, and improves spinal fusion. Most contemporary
instrumentation systems permit postoperative imaging with CT
and magnetic resonance imaging (MRI).

Segmental instrumentation systems provide the surgeon
with a highly versatile tool for stabilizing the spine. Hooks and
screws placed at multiple levels distribute fixation forces and
improve construct strength, whereas pedicle screws allow fixa-
tion of levels with no intact laminae. Screw and plate constructs
can be used in the upper thoracic spine to stabilize the
cervicothoracic junction, to treat laminectomized segments,
and to limit the bulk of instrumentation placed under thin, irra-
diated soft tissues.

Combined with an anterior strut, screw/rod and screw/plate
constructs provide superior axial, torsional, and sagittal rigid-
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ity, allowing the patient to get out of bed immediately, and
begin ambulation or mobilization within 24 to 48 h of surgery.

3.4. RADIO-RESISTENT TUMOR
Progression of the spinal tumor, heralded by neurological

symptoms or bony collapse, may occur after or even in the face
of radiotherapy. In some cases the tumor simply does not
respond to the therapy. In others, the bony destruction may
already be so severe that fracture is inevitable irrespective of
tumor response. In these cases, surgical treatment may be
needed to reduce the tumor burden, decompress the neurologi-
cal elements, or to stabilize the spine. In other instances, the
tumor type is known to be refractory to radiotherapy. Surgical
resection represents the only means of local control, and is best
carried out early, through nonirradiated tissue.

3.5. RESECTION
When a primary malignant lesion can be completely

resected, patient survival improves significantly. The anterior
and posterior longitudinal ligaments, vertebral body, adjacent
discs, and even the overlying dura mater may need to be resected
to obtain local control. If necessary, one or more nerve roots
may be sacrificed to provide a wide margin of excision. In some
metastatic lesions, a complete resection can confer improved
survival and quality of life. Solitary renal cell metastases, some
breast metastases, and local recurrences of colorectal carcino-
mas may occasionally be approached with idea of providing
long-term disease free survival, if not outright cure. The deci-
sion to attempt a wide resection in these lesions must be weighed
against the surgical morbidity and the risks of vascular and
neurological injury. In some cases the most prudent approach
may be to accept a marginal or intralesional resection, supple-
mented with adjuvant radio- or cryotherapy.

Fig. 1. Characterizing tumor stage. The vertebra is divided into four
zones based on the anatomic structures involved, the adjacent struc-
tures at risk and the approach to resection. Large tumors frequently
involve more than one zone, and extension from zone 4 into zone 2
commonly complicates the plan for wide marginal excision. (A)
Intraosseous lesions offer the best chance of successful excision, but
(B) extraosseous extension does not exclude the possibility. (C) Dis-
tant metastases indicate that the best outcome for the spine surgery
will be local control, with systemic control dependent on medical
therapy. (A) Anterior–posterior view, (B) lateral view, (C) axial cross-
sectional view.

3.6. CLASSIFYING TUMOR STAGE AND EXTENSION
The surgical plan and potential resection margins can be

developed from a simple staging system, based on the anatomic
structures of the vertebral column and the surgical approach
needed to reach them. The vertebra is divided into four ana-
tomic zones of involvement, and the degree of tumor extension
is defined by three degrees of tumor spread: intraosseous
containment, extraosseous extension, and metastatic spread
(Fig. 1). More extensive classification systems have been
proposed, and offer greater specificity in terms of database and
research descriptions, but these are cumbersome and hard to
apply in clinical situations.
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Weinstein’s staging system (7) divides the vertebral ele-
ments into four zones:

1. Tumors in zone 1 involve the spinous process or laminae,
the regions routinely removed in a laminectomy.

2. Zone 2 tumors involve the pedicle, transverse processes,
and/or facets. These tumors can still be removed from a
posterior approach, though the spinal canal must be opened
widely to get to the base of the pedicle.

3. Zone 3 lesions involve the anterior vertebral body, and
must be approached anteriorly.

4. Zone 4 lesions involve the posterior-third of the vertebral
body and the vertebral cortex just anterior to the spinal
cord and neural elements. They often involve one or both
pedicles as well. In order to address any lesion involving
zone 4, the surgeon must remove most of zone 3, and must
separate the vertebral body, anteriorly, from the pedicles,
posteriorly, resecting vertebral zones 1 and 2 in the pro-
cess. In order to obtain a clear resection margin, zone 4
lesions require a total or near-total vertebrectomy. This is
most feasible if the tumor is still intraosseous (grade A),
without extraosseous spread (grade B). Distant metastases
(grade C) usually contraindicate such an aggressive approach.

CT and MRI provide most of the information needed to
stage the tumor, and bone scan, chest and abdominal CT, and
serologies aid in determining metastatic status. Grade B lesions
may prove unresectable if vital structures are directly invaded
by tumor.

3.7. PRINCIPLES OF SURGICAL TREATMENT
Three principle issues must be considered in developing a

surgical plan for any patient:

1. What is the proper margin of resection for this tumor (of
primary concern in locally aggressive and malignant pri-
mary tumors)?

2. Is there a need for neurological decompression?
3. What extent and means of reconstruction will be needed?

3.8. RESECTION
Musculoskeletal tumor surgery recognizes that, although

not every tumor can be removed en bloc, without leaving any
residual disease, the quality of the resection margin has great
prognostic importance. Extremity resections are usually dis-
cussed in terms of intralesional, marginal, wide, and radical
margins. True radical margins cannot be obtained in the spine, so
the best that we can hope for is clean, wide margin of resection.

Numerous studies show that the ability to completely resect
the primary lesion significantly improves patient survival (8–
11). Even in metastatic lesions, a wide resection can confer
improved survival and quality of life (12). In locally aggressive
tumors, the surgeon must resect the anterior and posterior lon-
gitudinal ligaments, vertebral body, adjacent discs, and the
overlying dura mater, if necessary, to avoid leaving residual
tumor behind. In order to obtain a clean margin the surgeon
must take care not to enter the soft tissue mass of the tumor
either surgically or with retractors or rakes. To insure that the
margins are clear, the surgeon will excise a cuff of normal
muscle tissue with the tumor. It is sometimes necessary to sac-
rifice one or more nerve roots to provide a suitable margin of
excision. Once extensive collapse has occurred, as in vertebra

plana, a wide surgical margin is not possible and local control
is dependent on adjuvant therapy.

The surgeon chooses the proper surgical approach based on
the tumor type and location.

Zone 1 and 2 tumors are typically approached through a
posterior longitudinal, mid-line incision, centered over the level
of the tumor. Transverse incisions should never be used in any
approach to a spinal neoplasm. The extent of the incision is
based on the extent of the soft tissue mass, if any. The laminec-
tomy and bone removal necessary for tumor resection often
results in some degree of segmental instability. Posterior instru-
mentation and fusion may be performed when this is the case.

Zone 3 lesions are often addressed through an anterior
approach alone. Depending on the extent of resection a for-
mal reconstruction may or may not be necessary.

Zone 4 lesions require a combined surgical approach if a
marginal or wide margin is to be obtained. Complete resection of
the vertebral body requires separating the posterior structures
(zones 1 and 2) from the anterior structures (zones 3 and 4), at the
junction between the pedicles and the vertebral body (Fig. 2).

The standard approach to vertebrectomy combines a mid-
line posterior incision with either a retroperitoneal,
thoracoabdominal, or transthoracic approach to the anterior
vertebral body. If at least one pedicle is uninvolved, a wide
margin is possible (13). An alternative approach is to extend the
posterior dissection around the side of the vertebral body, com-
pleting the vertebrectomy through a posterolateral resection
(14). Complete vertebrectomy requires both anterior and pos-
terior stabilization, but experience has shown that this aggres-
sive surgical approach does improve patient survival and
neurological function even when cure cannot be obtained (15).

For sacral lesions a high sacral amputation is the procedure
of choice (19). This combined anterior/posterior sacral ap-
proach provides improved outcome with surprisingly little
long-term morbidity. As long as the S2 nerve roots are spared
bilaterally, or S2 and S3 are spared unilaterally, bowel and
bladder function are usually retained (16,17). In more proximal
tumors these roots must be sacrificed in order to obtain local
control and a reasonable likelihood of survival.

When a wide margin is not possible, the surgeon must accept
a marginal margin. This will not provide adequate local control
in some tumors, unfortunately, and recurrence of locally aggres-
sive, radio-resistent tumors, such as chordoma, chondrosarcoma,
and giant cell tumor, can be anticipated. Intra-operative strat-
egies to improve results in marginal excisions have included
cryotherapy (applying liquid nitrogen or polymethylmethacry-
late to the tumor bed), intra-operative radiotherapy, and repeated
resections of compromised margins.

Considering the extraordinary morbidity of reoperating on
the spinal column, particularly in the face of vascular and neu-
ral adhesions, irradiated tissues, and hypervascular tumor tis-
sue, surgeons will want to take every opportunity to avoid tumor
recurrence. For this reason, intralesional tumor resection is
avoided in any but the most clearly benign and self-limited
lesions. If the patient already has disseminated disease, or if
local involvement is already so extensive as to make resection
impossible, curettage and “piecemeal resection” may be ad-
equate to provide temporary local control. The other circum-
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stance in which an intralesional resection makes good sense is
when the tumor is reliably radio-sensitive, and adjuvant therapy
is sure to irradicate tumor left behind.

3.9. DECOMPRESSION
As many as 20% of all patients with disseminated carcinoma

develop symptomatic spinal cord compression (1,2). Patients
often complain of progressive back pain, radicular symptoms
or belt-like pain, lower extremity weakness, sensory loss, and
bowel or bladder dysfunction.

Radiotherapy remains the appropriate treatment for most of
these patients, though different tumor types exhibit different
levels of radio-sensitivity. Lymphoreticular neoplasms and
many adenocarcinomas are reliably radio-sensitive, and satis-
factory local control can be gained through radiotherapy (18).
Gastrointestinal and renal neoplasms often respond incom-
pletely to irradiation, and a number of primary tumors (i.e.,
chondrosarcoma, chordoma) are not at all radio-sensitive. Con-
sequently, neurological compromise because of these tumors is
best treated surgically.

Surgical decompression is most reliably effective when the
approach is properly matched to focus of compressive: anterior

approaches for anterior compression and posterior approaches
for posterior compression.“Surgery” is often unhelpful to patients
with neurological symptoms, stemming from the historical prac-
tice of treating all compromised patients with laminectomy.
Compared to radiotherapy alone, laminectomy provides no
added benefit in treating anterior cord compression, the most
common site of compression, and can compound problems by
introducing or increasing segmental spinal instability (6,19). In
large series, decompressive laminectomy has provided neuro-
logical improvement in only 33% of cases, and a satisfactory
outcome (maintenance of ambulation and sphincter control) in
37% (20). By comparison, anterior decompression provided
improvement in 79%, and a satisfactory outcome in 80%.

3.10. RECONSTRUCTION
Spinal instrumentation and fusion are often needed after

tumor resection to restore stability, prevent progressive defor-
mity, and to facilitate graft incorporation and fusion. The
surgeon must choose an instrumentation construct that can
meet the mechanical demands it will face following tumor
resection, can compensate for loss of bony elements owing to
resection or laminectomy, and permit postoperative imaging

Fig. 2. Principles of en-bloc resection. To remove the vertebral body from around the spinal cord, the ring of the bony elements must be cut
in two places. The typical point for release is at the junction of the vertebral pedicle with the posterior corner of the vertebral body. Axial and
lateral views show the point at which the pedicle can be cut from a posterior approach to allow the vertebral body to be removed in one piece
through an anterior approach.
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with CT and MRI. Key principles to satisfactory spinal recon-
struction are to:

1. Restore the anterior weight-bearing column, preventing
vertebral collapse and kyphosis.

2. Apply posterior instrumentation after laminectomy, com-
pensating for lost muscular attachments and preventing
post-laminectomy kyphosis.

3. Combine anterior and posterior constructs to restore axial,
sagittal, and torsional stability after vertebrectomy.

4. Anticipate disease progression, extending fixation over
longer segments, and maximizing the number of fixation
points to insure construct survival.

5. Anticipate improved patient survival, strive for spinal
fusion among patients likely to live more than 3 to 6 mo.

3.11. POSTERIOR INSTRUMENTATION
Newer segmental instrumentation systems are versatile and

resilient. They allow the surgeon to neutralize the overall length
of the spine while either compressing or distracting the internal
spinal segments involved in the reconstruction. These systems
have superior torsional and sagittal strength, and are widely
available in titanium, improving postoperative imaging capabili-
ties. These versatile systems also allow the surgeon to address
multiple levels of vertebral involvement, restoring normal tho-
racic kyphosis and lumbar lordosis in the same construct.

Pedicle screw fixation is particularly helpful in patients who
have undergone previous laminectomy. Combined with an
anterior strut, pedicle screw constructs provide sufficient rigid-
ity to allow the surgeon to instrument only two-motion seg-
ments when treating primary and metastatic lesions of the
thoracolumbar spine (21). Screw failure can be expected, how-
ever, if the anterior weight-bearing column is not restored (22).

3.12. ANTERIOR INSTRUMENTATION
Anterior column reconstruction may be carried out in com-

bination with posterior procedures, or as the preferred approach
to instrumentation in selected patients. There is a significant
incidence of wound complications associated with posterior
surgery in spinal tumor patients. These patients are often sys-
temically ill, many have undergone regional radiation therapy,
and most have impaired healing potential. Because of illness,
malnutrition, and inactivity, many have lost muscle mass and
have little subcutaneous fat. Wound dehiscence, infection, and
skin problems are common enough to prompt many surgeons to
consider anterior reconstruction as their primary avenue of
treatment.

Once the tumor is removed, something must fill the space
left behind, both to bear the load of the upper body, and to
augment the stability provided by the spinal instrumentation.
Polymethylmethacrylate (PMMA) bone cement is frequently
used to reconstruct the vertebral column in metastatic disease.
It is resilient in compression, but it has no potential for biologi-
cal incorporation. It has a tendency, therefore, to loosen and
displace over time. To prevent migration of the PMMA strut,
surgeons have either driven longitudinal Steinmann pins proxi-
mally and distally into the adjacent vertebrae to anchor the
cement and improve its bending resistance, or alternately,
inserted fixation rods into the vertebrectomy defect to restore
height and anchor the PMMA mass (23).

A tricortical bone graft strut or titanium cage with morselized
autograft is favored in the treatment of benign or slow-growing
tumors, in which survival is likely to be measured in years, and
bony fusion is crucial. Similarly, in some malignant primaries,
in which successful treatment will result in prolonged survival,
the reconstruction must provide a solid fusion if late complica-
tions are to be avoided.
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1. INTRODUCTION

Spinal tumors may cause a variety of symptoms depending
on their type, location, and rate of growth. The symptomatol-
ogy differs depending on tumor location (e.g., extradural or
vertebral column vs intradural-extramedullary vs intramedul-
lary). Vertebral column tumors are divided into primary and
metastatic. Primary tumors include neoplasms of the marrow
(e.g., multiple myeloma), and tumors of the bone or the carti-
lage of the spine (1). Metastatic spinal pathology is much more
common than primary neoplastic pathology. The spine is the
most common site of skeletal metastasis (2). A spinal metasta-
sis is found in as many as 70 to 90% of patients dying of cancer
(3,4). The most common tumors that metastasize to the spine
are tumors of the lung, breast, prostate, kidney, lymphoma,
melanoma, and gastrointestinal tract (5). In the pediatric popu-
lation, spinal metastasis commonly arise from neuroblastoma,
rhabdomyosarcoma, leukemia, and histiocytosis; less com-
monly from lymphoma, Wilms’ tumor, and primitive neuroec-
todermal tumor (6). Meningiomas and nerve sheath tumors
(schwannomas and neurofibromas) comprise the overwhelm-
ing majority of the intradural-extramedullary tumors. Astrocy-
toma, ependymoma, and hemangioblastoma account for the
majority of the intramedullary tumors.

2. METASTATIC EPIDURAL TUMORS

Pain is the most common presenting symptom of spinal
metastases (85% of patients with metastasis to the spine) (7). In
patients already diagnosed with cancer, the onset of spinal pain

may indicate a spinal fracture caused by weakening of the ver-
tebrae by metastatic tumor. Nocturnal bone pain suggests meta-
static involvement. The pain is often difficult to distinguish
from back pain owing to muscle strain or degenerative disease.
However characteristics that suggest the diagnosis of neoplasm
are pain that is gradual in onset but progressive, unrelenting,
nonmechanical, and nocturnal (2,7–9). The pain usually local-
izes to the site of the lesion. Radicular pain is of localizing value
as well, as it tends to radiate in the dermatomal distribution of
the compressed nerve root(s). This pain should be differenti-
ated from that caused by disc degenerative disease. Pain of
degenerative origin tends to affect the cervical or low lumbar
area, whereas pain of metastatic epidural compression occurs
at any level. Lying down often improves the pain of degenera-
tive disease, but worsens the pain associated with metastatic
compression (9).

Motor dysfunction rarely occurs as an initial symptom, but
is present in 76% of patients at the time of diagnosis (5). Motor
weakness usually follows the development of pain by weeks or
months. It affects predominantly proximal muscles, creating
difficulty when climbing stairs or rising from a chair (9). Half
of these patients have sensory dysfunction, such as numbness
or paresthesia, whereas more than 50% have bowel and bladder
dysfunction. Sphincter dysfunction is usually associated with
sensory and motor dysfunction, except in patients with lesions
at or near the conus medullaris or the sacrum. Approximately
5 to 10% of patients with cancer present with spinal cord com-
pression as their initial symptom. Among those who present
with cord compression, 50% are non-ambulatory at diagnosis
and 15% are paraplegic. In paraplegic patients, a flaccid paraly-
sis of the lower limbs with a distended bladder (neurogenic
bladder) are usually observed.
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Ventral spinal cord compression is associated with weak-
ness in the extremities and loss of pain and temperature sense
(spinothalamic tract) below the level of the compression, with
preservation of touch, position, and vibration (dorsal column).
Dorsal spinal cord compression is associated with the loss of
dorsal column sensation with preservation of other sensory or
motor functions (10). Brown-Sequard’s syndrome is character-
ized by ipsilateral spastic paralysis below the level of the lesion
(interruption of the lateral corticospinal tract) with ipsilateral
loss of tactile discrimination, vibratory, and position sensation
below the level of the lesion (interruption of dorsal column) and
contralateral loss of pain and temperature sensation. This usu-
ally occurs two to three segments below the level of the lesion
(interruption of lateral spinothalamic tract) (11).

The level of motor or sensory loss usually correlates with the
site of spinal cord compression. The level of motor loss is more
reliable than the level of sensory loss, except with thoracic cord
involvement, where the sensory level on the chest or abdomen
is of useful localizing value. Abdominal reflexes may also help
in localizing because their innervation originates from seg-
ments T8 to T12 (10).

Compression of the cauda equina often results in sporadic
nerve root involvement, because the lumbar and sacral nerve
roots are loosely arranged in the thecal sac. Therefore, such
compression gives rise to patchy and asymmetrical motor and
sensory loss in the lower limbs. Compression of the conus
medullaris is often associated with a more complete and sym-
metrical distribution of neurological signs. Both conus
medullaris and cauda equina compression can produce saddle
anesthesia and loss of sphincter control.

Finally, symptoms of weight loss, change in appetite, fatigue,
hemoptysis, hematuria, melena, rectorrhagia, and masses in the
breast, neck, or axilla should be part of the review of systems
whenever a systemic malignancy is suspected (8).

3. INTRADURAL-EXTRAMEDULLARY TUMORS

Tumors that arise from within the confines of the dura mater
are rarely metastatic and are usually slow growing. Patients
with these types of tumors may have pain for years before any
neurological problems occur. Because these tumors grow
slowly, displacement of the spinal cord is gradual, and symp-
toms are often less than one would anticipate after radiographic
imaging (12). The symptoms may be difficult to differentiate
from intramedullary and extradural lesions (e.g., syringomy-
elia, cervical spondylotic myelopathy, multiple sclerosis, spi-
nal arteriovenous malformation, or spinal infection) (12).
Furthermore, intradural-extramedullary lesions can also be
associated with subarachnoid hemorrhage, intracranial hyper-
tension, intramedullary cyst formation, and hand atrophy,
which may result in falsely localizing signs, further complicat-
ing the clinical presentation (12–15).

Pain is the most common initial symptom in these patients.
Unilateral radicular symptoms tend to present earlier than
myelopathic symptoms because nerve sheath tumors arise pri-
marily from the dorsal nerve roots. Occipital headaches may be
caused by tumors located high in the cervical region and tho-
racic tumors may produce symptoms mistakenly attributed to
visceral pathologies. Patients with meningioma can present

with focal back or neck pain, rather than radicular pain. This
symptom complex often progresses to myelopathy before the
development of radiculopathy (12,16). Filum terminale lesions,
such as myxopapillary ependymomas, are associated with low
back pain radiating into one or both legs. The pain may progress
for several years before other symptoms occur, owing to the
larger size of the thecal sac in this region. Sphincter dysfunc-
tion is most commonly seen in advanced cases or when the
tumor involves the conus medullaris. Therefore, these lesions
may mimic lumbar spondylosis (12,17).

4. INTRAMEDULLARY TUMORS

The clinical features of intramedullary lesions are variable.
Most tumors are benign and slow growing. This often results in
a prolonged symptom duration before the establishment of the
diagnosis (2–3 yr). Malignant lesions present with a much
shorter course. Intratumoral hemorrhage in this latter group
produces an ictal event and a precipitous presentation.

In the adult population, pain is the most common presenting
symptom. It occurs in 60 to 70% of patients (18). Pain is less
common as a presenting symptom in the pediatric population.
Motor and gait disturbances predominate in this age group (19).
The pain is usually poorly described, of variable intensity,
localized to the general level of the lesion, rarely radicular,
infrequently affected by activity or Valsalva maneuvers, and
often described as a localized ache or muscle spasm. It may
worsen at night or with recumbency (18). In the case of an
intramedullary tumor, a so-called dissociated sensory loss is
common (Fig. 1). In these cases, there is loss of sensitivity to
pain and temperature below the segmental spinal level of the
tumor, but preserved sensitivity to light touch. Sensory or motor
complaints are the initial symptom in about one-third of patients.
Unilateral or asymmetric involvement is typical. Numbness is a
common complaint and typically begins distally in the legs,
with proximal progression. Urinary frequency is a common
complaint and gait difficulties are common and related both to
spasticity and to sensory dysfunction.

Tumors of the middle and lower cervical regions produce a
suspended, cape-like sensory loss with pain involving the upper
extremities, most often the shoulders or fingers (Fig. 2). A
Horner’s syndrome may be seen unilaterally or bilaterally,
depending on the degree of involvement of the sympathetic
system.

Involvement of the upper thoracic region produces pain in a
girdle-type or belt-like distribution. If tumor expansion is asym-
metric, symptoms of nerve compression may be unilateral. This
is occasionally mistaken for angina pectoris, myocardial inf-
arction, or pleurisy (Fig. 3). Lesions in the middle and lower
thoracic regions may evoke pain that may erroneously suggest
an abdominal lesion.

Tumors of the lumbar enlargement and conus medullaris
often present with a history of back pain and leg pain, which
may be radicular in origin. Urogenital and anorectal dysfunc-
tion are common. These symptoms may be mistakenly attrib-
uted to herniated nucleous pulposus or spondylosis (18,20).

Intramedullary tumors in children may be associated with
orthopedic deformities (kyphoscoliosis) and extremity weak-
ness. Gait abnormalities or deformities of the feet (i.e., talipies
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Fig. 1. Dissociative sensory loss caused by intramedullary tumors
results in loss of pain and temperature sensitivity, with sparing of light
touch and motor function distal to the lesion.

Fig. 2. Cape-like sensory loss and pain occur in the upper extremities
when cervical level tumors compress the cord and nerve roots bilat-
erally.

equinovarus or pes cavus) may be observed in the young child.
Enuresis in the previously toilet-trained child is another symp-
tom of caudal tumor involvement. Sinus tract or a hairy or
pigmented cutaneous lesion suggest the diagnosis of terato-
mas, epidermoid, and dermoid lesions (21).

5. TUMORS OF THE CRANIOVERTEBRAL
JUNTION

A variety of pathological lesions may occur at the level of
the foramen magnum. However, meningiomas and neurofibro-
mas predominate and constitute approx 70% of such lesions
(22). No definitive clinical markers for foramen magnum le-
sions exist, and the clinical profiles of the patients with foramen
magnum tumors are varied. The latter includes neck pain,
dyesthesias, cruciate hemiparesis, and pseudoathetoid move-
ments of the upper limbs (23).

These tumors may cause symptoms by compression of
neighboring structures or by traction, and, thus, may have wide-
spread effects such as hydrocephalus, syringomyelia, and vas-
cular compromise (24). The most common presentation is
craniocervical pain, described as an aching sensation that is
aggravated by head and neck motion and is referred to the sec-
ond cervical dermatome (25). Pain and temperature sensation
is frequently affected, followed by loss of joint sensation. It is
seen often in the upper extremities and may then march in a
clockwise fashion around the limbs (26). A suspended sensory
loss with patches of preservation of sensation may also be seen
(27). Spasticity and weakness is a feature of foramen magnum
tumors. The weakness usually originates in as an ipsilateral
motor deficit limb and may follow a clockwise pattern (rotating
paralysis) (26,28).
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muscles. Involvement of the eighth cranial nerve may be asso-
ciated with vertigo, tinnitus, and hearing loss. Nystagmus may
be the result of involvement of the sulcomarginal fibers, which
are an extension of the median longitudinal fasciculus (30).

Vascular changes as a result of compression, traction, or
instability in the region of the foramen magnum may result in
transient and episodic symptoms such as drop attack, migraine,
paralysis, and visual loss (24,31).

6. SUMMARY

Spine tumors may have a wide variety of neurological symp-
toms. Some symptoms can correlate with the localization of the
lesion. Neurological examination and radiological imaging
remain important adjunct in the localization and the nature of
the pathology.
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“More mistakes are made from want of a proper
examination than for any other reason,” Russell
Howard (1)

“A cursory exam is worse than no exam at all because
it may give the false hope that the lesion is minor,” (1)

1. INTRODUCTION

Each year, 1.3 million new cancers are diagnosed in the
United States (2). Carcinomas of the lung, breast, prostate, and
kidney are the most common (3–5). More than 70% of these
patients will develop skeletal metastases, most commonly in
the spine (6). Primary malignancies of the spine are not rare, but
in adults, the vast majority of spine lesions represent lymphatic
or hematogenous metastasis (7).

Spinal tumors are also seen in children. Although the major-
ity are benign, up to 30% are malignant (8,9). Unlike adults,
primary tumors and multicentric malignancies are more com-
mon than metastases in children (10,11). Metastatic disease is
seen in younger children (<8 yr old) and occurs with dissemi-
nation of neuroblastoma, retinoblastoma, and rhabdomyosar-
coma (9,10,12). The most common cancer in children is
leukemia. Although leukemia affects all organ systems, back

pain and vertebral collapse are the initial findings in 6% of
children (13).

In patients with suspected cancer of the spine, physical
examination takes place in three settings. First, undiagnosed
patients present with spinal pain. Distant findings, such as spine
pain, predate symptoms from the primary lesion in up to one-
third of patients (14). Up to 24% of patients with metastatic
disease will present with a pathological fracture (15). In this
setting, use the physical examination to search for the primary
lesion. Second, there is a search for distant spread in patients
with primary spine tumors. Other patients present with a known
active malignancy and suspected spine involvement. Here,
spinal findings may be more obscure. Perform a detailed evalu-
ation to discriminate between spinal and extra-spinal causes of
symptoms. Finally, patients with a remote history of cancer
present with new onset spinal pain. Focus the spine examina-
tion on the strong possibility of cancer recurrence (16).

2. CLINICAL SYNDROMES

Cancer in the spine has many sources and manifestations. It
affects any age and either gender. Spinal malignancy can attack
the bone or soft tissue structures of any vertebral level. Lesions
may be contained by the spinal column or may extend into the
paraspinal tissues. This wide variety of underlying disease
states and patient types ensures a great diversity of physical
findings. Four common clinical syndromes predominate:

1. Detection of spinal cancer in an asymptomatic individual.
2. Spinal cancer presenting with mild pain and stiffness.
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3. Spinal cancer causing severe pain and major neurological
deficit.

4. Referred back pain from anatomic sites outside the spine.

In Burger and Lindeque’s series (17), in 17 of 78 patients
with malignancy, back pain arose from shoulder, hip, or other
extraspinal involvement. Other patients will have multiple bone
metastases. To guide appropriate therapy, use the physical exam
to identify the symptomatic lesion (18).

3. IMPORTANCE OF THE EXAM

No physical findings point unequivocally toward spinal
tumor. Many patients will have no prominent physical find-
ings (3). In Bohlman’s series (19) of cervical spine tumors, no
physical exam finding conclusively led to the diagnosis of
neoplasm. Radiological imaging was required for further delin-
eation of the lesion. In Ruff and Lanska’s series, no single sign
was both highly specific and sensitive (20). In these patients,
radicular pain and vertebral percussion tenderness were both
sensitive, but not specific. Interobserver variability and repro-
ducibility of physical signs is dependant on methods and care
employed (21). Rougraff et al. (22) assessed the diagnostic
strategy they used to identify the source of skeletal metastases.
Physical findings revealed the occult primary in the 8% of
patients with masses and was non-diagnostic in 90% (22).

The lack of specific findings accounts for the limited discus-
sion of examination findings in the literature. Historically, close
physical examination was underemphasized because of the
perceived hopelessness of the disease. With improved treat-
ment and prolonged survival, close physical evaluation is man-
datory (23). A careful physical examination will:

1. Aid in the diagnosis.
2. Allow earlier detection of spinal cancer, giving the best

opportunity for cure (8).
3. Highlight areas of concern (such as nutritional problems).
4. Direct treatment (urgent surgical intervention for progres-

sive neurological decline).
5. Have prognostic significance (24).

In patients with neurological dysfunction, the extent and the
rapidity of decline have strong implications for the prognosis of
both neurological recovery and patient survival (6,25).

4. CLINICAL PRESENTATION

More than 85% of spine cancer patients present with back
pain (6). Back pain is the only symptom in 30%. The degree of
spinal involvement and the severity of the presenting signs are
not directly related (26). However, a typical progression of
signs and symptoms was described in 153 patients with meta-
static spinal column involvement (27). These patients presented
with, in decreasing order of occurrence:

1. Radicular pain, which predominated in the lumbar area.
2. Motor weakness, which was associated with thoracic in-

volvement.
3. Sensory changes.
4. Bladder dysfunction.

Leg pain is the only symptom in 10% of patients. Twenty-
eight percent present with a combination of pain and neurologi-

cal deficit. Spinal cancer is an incidental finding in 2% of
patients (6).

In a series of 130 patients with spinal cord compression,
only 10 (8%) presented with neurological involvement as their
first symptom of cancer (28). Siegal and Siegal (25) reported
that 16 of 113 patients (14%) with cord compression presented
with primary neurological involvement. Objective neurologi-
cal deficit is significantly more likely to be caused by a malig-
nant than benign tumor. In Weinstein and McLain’s series, an
objective neurological deficit could be identified in 55% of
patients with malignant primary tumors of the spine, but only
35% of patients with benign lesions (8). Similar findings were
noted in the series of Shives et al. (29), Thommeson and Poulsen
(30), and Sim et al. (31). Sixteen percent of patients have a mass
or deformity (8). In most cases, pain will localize to the meta-
static deposit, occasionally the pain will be referred (32). Ruff
and Lanska (20) delineated the presenting signs in veterans
subsequently demonstrated to have epidural metastases (see
Table 1).

The presentation of cancer of the spine in children is also
nonspecific. However, although more than 80% of adult back
pain is self-limited, less than 30% of back pain in children is
self-limited. In most cases there is a skeletal cause (33). Back
pain is reported in 93%, whereas severe neurological deficits
are seen in only 7.5%. Palpable masses are noted in 5.5%, but
these usually stem from benign tumors of the posterior ele-
ments (33). In Freiberg and coworker’s (34) report of 19 chil-
dren with metastatic vertebral disease, 12 demonstrated
vertebral tenderness, 8 had neurological findings, 1 was hyper-
tensive, and 2 were discovered incidentally. In Leeson’s (9)
autopsy study, each child had complained of pain, 11 of 39 had
had pathological fractures, and 3 had presented with acute spi-
nal cord injury syndrome. In children with leukemia, 5.6% had
back pain and 50% had systemic findings (35). The presenting
signs in Fraser’s series are depicted in Table 2 (12).

Cervical vertebral bodies are smaller and the spinal canal
has relatively more space for the cord. In Bohlman’s series
(19), neck pain was the most common presenting complaint,
but neck mass, persistent headaches, stiff neck, radiating arm
pain without neck pain, long tract signs, and myelopathy were
also noted. There was only one case of quadriparesis in 23
patients. In Marchesi’s series (36), 42% had radicular pain, and
31% had objective neurological findings.

Table 1
Signs of Metastatic Epidural Cord Compression in Adult

Veteransa

Radicular pain 93%
Vertebral percussion tenderness 33%
Radicular sensory loss 17%
Radicular motor loss 16%
Leg weakness 29%
Spastic paraparesis 17%
Spinal sensory level 18%
Urinary retention or incontinence 20%

aFrom ref. 20.
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5. PARANEOPLASTIC SYNDROMES AND SIGNS
OF DISSEMINATED NEOPLASIA

Patients with metastatic cancer are systemically ill.
Paraneoplastic syndromes are systemic manifestations of meta-
static cancer and fall into three categories:

1. Clinical syndromes.
2. Neurological syndromes.
3. Hematological syndromes.

Suspected causes of these syndromes include:

1. Hormones synthesized by a tumor.
2. Immune complex formation.
3. Ectopic hormone receptor production.
4. Release of physiologically active compounds by a tumor.
5. Unknown causes.

The paraneoplastic syndromes may mimic spinal patholo-
gies. A previously undiagnosed patient may present with a
paraneoplastic syndrome symptom complex and therefore they
must be recognized (37).

Tumors may cause endocrine imbalance. For example, fast-
ing hypoglycemia may be derived from insulin secretion from
an insulinoma. Diarrhea may result from vasoactive intestinal
polypeptide release from an islet cell tumor. Epinephrine and
norepinephrine secretion from a pheochromacytoma often pro-
duces hypertension. Ectopic adrenocorticotropic hormone and
antidiuretic hormone are produced by some lung cancers. Par-
athyroid hormone is produced by squamous cell lung cancer,
head and neck cancers, and bladder cancer. Some breast can-
cers, small cell lung cancer, and medullary thyroid carcinomas
release calcitonin (38).

Dermatomyositis and, to a lesser degree, polymyositis are
common in cancer patients. A progressive, proximal muscle
weakness, a dusky, erythematous butterfly rash on the cheeks,
and periorbital edema are seen (39).

Pigmented skin lesions or keratoses are common in patients
with disseminated cancer. These include acanthosis nigricans
in patients with a gastrointestinal malignancy, generalized

melanosis in patients with lymphoma, melanoma, and hepato-
cellular carcinoma, and Bowen’s disease in patients with lung,
gastrointestinal (GI), and genitourinary malignancies (40).
Patients with lymphoma and GI malignancy may also bear
multiple, large seborrheic keratoses, i.e., the sign of Leser-
Trélat (41).

The neurological paraneoplastic syndromes occur in less
than 1% of cancer patients and are more frequent with oat cell
carcinoma of the lung, breast, and ovarian cancer. These syn-
dromes are not limited to the nervous system but frequently
affect it. Their etiology is unknown, but autoimmune mecha-
nisms have been proposed and circulating antibodies against
nervous system tissues are often found (42,43).

These neurological syndromes are classified by location and
often have central effects such as progressive dementia, alter-
ation of mood, and seizures. They may also present with focal
motor or sensory signs, which makes their identification in
patients with presumed malignancy of the spine especially
important. Unless characteristic autoantibodies are detected,
the diagnosis of neurological paraneoplastic syndrome is one
of exclusion (44).

Subacute cerebellar degeneration leads to progressive bilat-
eral leg and arm ataxia and dysarthria. Neurological signs
include dementia, nystagmus, and extensor plantar signs. The
syndrome progresses over weeks to months, often causing pro-
found disability. It may precede discovery of the causative
cancer by weeks to years. Anti-Yo, a circulating autoantibody,
may be detected in the serum or CSF (42,43).

Paraneoplastic sensory neuropathy may occur with or with-
out encephalomyelitis. It usually accompanies small cell lung
carcinoma and presents with painful neuropathy and loss of all
sensory modalities. An associated limbic encephalitis may
progress from anxiety and depression, to memory loss, agita-
tion, confusion, hallucinations, and behavioral abnormalities.
Some patients will have anti-Hu, a circulating autoantibody, in
the serum and spinal fluid.

Spontaneous chaotic eye movements, opsoclonus, repre-
sents a rare cerebellar syndrome accompanying childhood neu-
roblastoma. Opsoclonus is also associated with cerebellar
ataxia and myoclonus of the trunk and extremities. The circu-
lating antibody, Anti-Ri, may be present (45).

Subacute motor neuropathy is a rare disorder of painless
weakness of both upper and lower extremities. It is seen in
patients with Hodgkin’s disease or other lymphomas and is
thought to represent degeneration of the anterior horn cells.
Subacute necrotic myelopathy is a rare, rapidly ascending
destruction of the gray and white matter of the spinal cord,
leading to paraplegia (46).

Peripheral neuropathy is the most common neurological
paraneoplastic syndrome. This distal sensorimotor polyneur-
opathy produces mild motor weakness, sensory loss, and absent
distal reflexes and is indistinguishable from similar changes that
accompany many chronic illnesses.

Guillain-Barré and Eaton-Lambert syndromes are immune-
mediated neurological conditions more common in patients
with cancer than in the general population. Eaton-Lambert
syndrome, an immune-mediated, myasthenia-like syndrome,

Table 2
Signs of Spinal Malignancy in Childrena

Muscle weakness 67%
Pathological reflexes 60%
Sensory loss 30%
Mass 20%
Paravertebral muscle spasm 15%
Sphincter laxity occ
Palpable bladder occ
Muscle atrophy occ
Pain with straight leg raise occ
Scoliosis occ
Local tenderness occ
Torticollis occ
Ataxia occ
Cutaneous sinus occ
Sagittal plane change occ

aFrom ref. 12.
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weakens the limbs, but spares the ocular and bulbar muscles.
An immunoglobin G antibody impairs release of acetylcholine
from nerve terminals. Eaton-Lambert can precede, occur with,
or develop after the diagnosis of cancer, particularly in men
with intrathoracic tumors (47).

Hematologic paraneoplastic syndromes include: pure red
blood cells aplasia, anemia of chronic disease, leukocytosis
(the leukemoid reaction), thrombocytosis, eosinophilia, and
basophilia. These conditions are seen particularly in lymphoid
malignancies and Hodgkin’s disease. For surgical patients,
recognition of potential paraneoplastic disseminated intravas-
cular coagulation, idiopathic thrombocytopenic purpura, and a
Coombs-positive hemolytic anemia is critical to safe intra- and
postoperative management.

Other paraneoplastic complications represent contiguous
extension of tumor into surrounding neurovascular structures.
Horner’s syndrome reflects tumor invasion into the cervical
sympathetic chain and presents with enophthalmos, miosis,
ptosis, and ipsilateral facial anhidrosis. Pancoast syndrome,
owing to infiltration of the brachial plexus and neighboring ribs
and vertebrae, consists of pain, numbness, and weakness of the
affected arm. Pancoast syndrome may coexist with Horner’s
Syndrome. Superior vena cava syndrome occurs when tumor
constricts the superior vena cava and obstructs of venous drain-
age. Patients present with dilation of collateral veins in the
upper part of the chest and neck and edema and plethoric facies,
neck, and torso. Lymphangitic carcinomatosis results from the
intrapulmonary spread of a primary or secondary cancer and causes
cor pulmonale, worsening hypoxemia, and severe dyspnea.

Direct bone destruction or endocrine dysfunction may pro-
duce hypercalcemia. Although many patients are asymptom-
atic, clinical manifestations include constipation, anorexia,
nausea and vomiting, abdominal pain, and ileus. Increased free
calcium is also associated with emotional lability, confusion,
delirium, psychosis, stupor, and coma. Neuromuscular involve-
ment may cause prominent skeletal muscle weakness (48).
Endocrine-mediated bone loss may be massive. In many patients
with metastatic carcinoma, bone loss leads to non-neoplastic
osteoporotic compression fractures (49).

Hypertrophic pulmonary osteoarthropathy occurs in 5% of
those with lung cancer, lung metastases, thymoma, sarcoma,
Hodgkin’s disease, or mesothelioma. Clubbing, periosteal
thickening, and pain in the long and short tubular bones are
accompanied by swollen joints in 30 to 40% (50).

6. PHYSICAL EXAMINATION STRATEGY

Examine the gowned and otherwise unclothed patient in a
warm, well-lit room. Shoes and socks should be removed. Start
with a general survey of the patient’s appearance and move-
ment. Then, perform the spine examination itself. Include ele-
ments of the shoulder, pelvis, and hip exam. In cancer patients,
an examination of commonly involved organ systems includes
an abdominal and thoracic exam. Finally, perform a complete
neurological examination. The key is to develop a thorough,
efficient routine that avoids missed or duplicated steps (see
Table 3).

7. GENERAL SURVEY

Patients with metastatic disease are by definition systemi-
cally ill (16). The extent of illness is variable, and may not be
apparent until a detailed exam has been performed. Manifesta-
tions apparent on first observation may include cachexia, leth-
argy, nausea, dehydration, and confusion (50). Document vital
signs looking especially for weight fluctuations, hypertension,
and fever. Also search for signs of venous thromboembolism,
lymphadenopathy, skin change, and edema.

Palpate the axillary, cervical, and inguinal node-bearing
areas carefully (51). Many carcinomas, synovial and epithe-
lioid sarcomas, and rhabdomyosarcomas spread to regional
lymph nodes. Lymphadenopathy is also a feature of lymphoma.
Lymphatic or venous obstruction may lead to extremity edema.
At each phase of the exam, inspect the skin. Local and systemic
cutaneous manifestations of malignancy include acanthosis
nigricans, jaundice, cyanosis, and easy bruisability (40,50).
Neurofibromata may undergo malignant degeneration (40).

Table 3
Suggested Physical Exam Sequencea

Position Exam

On arrival Vitals: height/weight, temperature
Standing Inspection: general inspection, skin, deformity,

spasm
ROM: neck, shoulders, back
Thyroid, SCM, posterior neck tenderness
Gait and walking posture
Functional motor eval: toe raises, heel-walking,

squats
Sitting Posture

Motor: hip flexors, hip abductors and adductors,
toe, and ankle
Dorsiflexion, plantarflexion, inversion/
eversion
Knee flexion and extension

Deep tendon reflexes, arms/legs
Abnormal reflexes: Hoffman, Babinski,

Oppenheim
Sensation
SLR

Supine Motor: miscellaneous
Measurements: extremity circumference for

atrophy
SLR
Clonus
Pulses and capillary refill, hair pattern, edema
Hip ROM, Patrick test
Abdominal/breast exam

Prone Femoral nerve stretch, prone knee bend
Thoracic and lumbar spine palpation
Costovertebral angle tenderness
Gluteal and hamstring strength

Lateral Decubitus Rectal and prostate exam
Perineal sensation
Gaenslen’s test

aModified from ref. 71.
ROM, range of motion; SCM, sternocleidomastoid muscle; SLR,

straight leg raise.
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8. SOURCE SYSTEMS EXAMS
Most lesions to the spine originate from major

thoracoabdominal organ systems. Primary spinal malignancies
may metastasize to the lungs or elsewhere. A complete physical
examination therefore requires assessment of potentially involved
organs (see Table 4).

The thyroid gland lies over the thyroid cartilage at the C4–
C5 vertebral level. Most patients with thyroid cancer will have
a palpable mass at presentation. This nodule is asymptomatic,
but rock hard on palpation (52,53).

Pancreatic cancer is typically silent until late in the course of
disease. Weight loss and abdominal pain occur with advanced
disease. Obstructive jaundice, splenomegaly, gastric and
esophageal varices, and GI hemorrhage may develop. Patients
report increasingly severe upper abdominal pain radiating to
the back. In these patients, pain may be relieved by bending
forward or assuming the fetal position (54).

Hepatocellular carcinoma or liver metastases harden and
enlarge the liver. The liver may also be tender with palpable
lumps. Hepatic bruits and pleuritic-type pain with an overlying
friction rub are uncommon, but characteristic, signs. Without
biliary obstruction by tumor, jaundice is usually absent or
mild. Ascites from peritoneal seeding, on the other hand, is
common (55).

Renal cell carcinoma most commonly presents with gross or
microscopic hematuria. Later, flank pain is reported. On exam,
look for a palpable, often pulsatile, mass and costovertebral
angle tenderness. On the left, this mass may be misinterpreted as
splenomegaly. Vital signs may reveal fever or hypertension (56).

Begin the abdominal exam with inspection. Distension, espe-
cially asymmetric distention of the superior or inferior halves
may reflect a mass. Subcutaneous bleeding may be indicated by
a dissecting bluish discoloration or frank ecchymoses of the
costovertebral angles (Grey Turner’s sign) or around the umbi-
licus (Cullen’s sign). Abdominal tumors or ascites that stretch
the skin produce striae. Further, look for limited abdominal
motion with breathing. On the other hand, visible peristalsis is
abnormal.

Next, auscultate all four quadrants of the abdomen with the
diaphragm of stethoscope to listen for active peristalsis. The pitch
and frequency of the peristalsis signal the nature of the underlying
disease. High-pitched peristalsis or borborygmi in rushes sug-
gest intestinal obstruction. Absence of sounds after 5 min of
continuous listening suggests peritonitis and paralytic ileus.
Severe pain with a silent abdomen warrants immediate explo-
ration. Then, with the bell of the stethoscope listen in the epi-
gastric region and peri-umbilical regions for bruits (57).

Percuss the size and density of the abdominal organs to detect
fluid (ascites), air (distention), or solid masses. Palpate all four
quadrants for tenderness, rebound tenderness, and masses.
Assess for costovertebral angle tenderness. Rectal and pelvic
examinations are essential parts of the complete abdominal
exam. Although a complete pelvic examination may be deferred
to the patient’s gynecologist, it should not be ignored. During the
rectal exam, assess sphincter tone, palpate the prostate, and
check the stool guiac.

Prostate cancer is slowly progressive and asymptomatic until
late in the disease. In late disease, symptoms of bladder outlet
obstruction, ureteral obstruction, and hematuria are present.
Because prostrate metastases are often blastic, fractures are less
frequent (58). A trans-rectal prostate examination is required. In
patients with locally advanced disease, induration to the seminal
vesicles and fixation of the gland laterally may be appreciated.

Breast carcinoma is the principle source of spinal metastases
in women (59). More than 80% of breast cancers are discovered
as a lump by the patient. Less commonly, a history of pain
without mass is described. In these patients, breast enlargement
or a nondescript, firm, asymmetrical thickening is reported. A
complete breast exam is performed in stages. First, with the
patient sitting and arms hanging loosely, examine the breasts
for size, symmetry, contour, skin color, texture, and venous
pattern. Then, ask the patient to elevate her hands to accentuate
dimpling. Systematically palpate the breasts, axillae, and supra-
clavicular regions. Examine the axillae with the patient’s arms at
her side and elbows flexed to 90º. Lymph nodes should not be
palpable in an adult (57). Advanced breast cancers are fixed to
the chest wall or to the overlying skin. These lesions also dem-
onstrate skin dimpling, satellite nodules or skin ulcers, and the
lymphedematous exaggeration of skin markings (peau
d’orange). Inflammatory breast cancer is a particularly virulent
variant, characterized by diffuse inflammation and enlarge-
ment of the breast, often without a mass.

Lung cancer manifestations depend on tumor location and
type of spread. Most bronchogenic carcinomas are endobron-
chial and present with a cough, with or without hemoptysis.
Bronchial narrowing may trap air leading to localized wheez-
ing, atelectasis, ipsilateral mediastinal shift, diminished expan-
sion, dullness to percussion, or loss of breath sounds. Infection
of an obstructed lung produces fever, chest pain, and weight
loss. Persistent localized chest pain suggests neoplastic inva-
sion of the chest wall. Peripheral nodular tumors are asymp-
tomatic until they invade the pleura or chest wall and cause pain
or until they metastasize to distant organs. Late symptoms
include fatigue, weakness, decreased activity, worsening
cough, dyspnea, decreased appetite, weight loss, and pain.
Large, malignant serosanguineous pleural effusions are com-
mon. Begin the lung examination with an inspection of the
shape of the chest and the rate and rhythm of respiration. Asym-
metry of chest wall expansion suggests respiratory compro-
mise from a collapse lung or limitation of expansion by
extrapleural air, fluid, or a mass. Note the midline position of
the trachea. Percuss and auscultate each lung field. Palpate for
crepitus, tactile fremitus, or a pleural friction rub (57).

Table 4
Common Sources of Metastatic Lesions to the Spine

Lung
Breast
Prostate
Kidney
Gastrointestinal tract: colon, rectal
Thyroid
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In children, the findings of disseminated malignancy are the
same. Look for signs of easy bruisability, cachexia, and failure
to meet growth expectations. Metastatic diseases are less com-
mon. Neuroblastoma metastases are rarely limited to one site
(9). Rhabdomosarcoma will often have soft tissue masses.
Spinal metastases are uncommon with Wilm’s tumor and have
a poor prognosis (9).

9. THE SPINE EXAM
9.1. INSPECTION, CONTOUR, AND PALPATION
Begin the spine examination immediately after entering the

room. Note the position of the patient in the room; are they more
comfortable pacing, standing, sitting, or lying down? Mechani-
cal disorders rarely leave a patient writhing in pain, and in such
a case consider a serious visceral disorder or psychological
overlay (60). Assess the patient’s movement and gait for splint-
ing, antalgia, ataxia (wide-based gait), circumduction, a step-
page, or drop foot patterns.

Next, inspect the spinal contour from the front, sides, and
back both standing and seated. Look for coronal imbalance,
pelvic obliquity, or shoulder imbalance. Pass a plumb line from
the C7 spinal process; it should pass through the gluteal cleft.
Normal sagittal balance includes a thoracic kyphosis of 20 to
45º and a lumbar lordosis of 40 to 60º.

Gross deformity is an unusual feature of spinal neoplasia.
Changes are typically subtle, such as the kyphosis engendered
by pathological compression fractures. Asymmetric vertebral
collapse in the anteroposterior plane may cause a sharp scolio-
sis. Benign bone tumors of the posterior elements, such as os-
teoid osteoma and osteoblastoma, are occasionally associated
with scoliosis. Idiopathic scoliosis is rarely painful, whereas
painful curves, with localized tenderness, muscle spasm, and
limited motion more often have underlying neoplastic or inflam-
matory causes. Investigate unusual patterns such as left thoracic,
cervical and “C”-shaped curves closely (61,62). These curves
come on suddenly and progress rapidly (62). A sciatic list,
secondary to muscle spasm, is present when standing but dis-
appears with recumbency (see Fig. 1 [63]).

Note the patient’s head position. Torticollis, from inflam-
mation of the sternocleidomastoid muscle, causes the head to
tilt toward the ipsilateral shoulder and rotates toward the con-
tralateral side. Head tilt may also represent cerebellar or oph-
thalmologic disorders (64). Angular deformities from cervical
metastases are infrequent (65).

Next, meticulously palpate the spine. Back pain is nonspe-
cific and ubiquitous in the age groups at risk for spinal tumors.
But, idiopathic back pain is typically mechanical, activity
related, and self-limited. Neoplastic pain is typically progres-
sive and unrelenting. Although it may be exacerbated by activ-
ity, it is not responsive to rest (66). Neoplastic pain is well
localized and readily reproduced by palpation or percussion
over the involved area (62).

Palpate the cervical spine while inspecting for atrophy or
swelling. Separately assess the spinous process and inters-
pinous ligaments for both pain and step-off. Put a lateral or
rotatory moment on the spinous process to differentiate local,
mechanical spinal pain from referred tenderness (1). Next,

palpate the posterior superior iliac spine, scapula and ribs, iliac
crests, sacrum and coccyx, and trochanters and ischial tuber-
osities. Undertake soft tissue palpation for spasm, fluctuance,
or masses. Include the paraspinal muscles, gluteus, piriformis,
and sciatic notch.

9.2. RANGE OF MOTION AND TENSION SIGNS
Next, assess spinal range of motion (ROM). In patients with

spinal cancer, pain increases with ROM, but to a lesser degree
than typical, mechanical spine pain (66). The normal cervical
spine flexes 45º to allow the chin to touch the chest. The neck
extends 75º and exhibits 40º of lateral bending and 75º of rota-
tion (67).

The normal thoracolumbosacral spine exhibits 80º of for-
ward flexion. Measure the distance of fingertips to the floor.
Watch the patient return to an erect posture. This should be a
smooth motion. A catch suggests instability. The normal
thoracolumbosacral spine spine exhibits 20–40º of extension,
45ºof rotation, and 20–40º of lateral bending (67). These motions
may increase radicular symptoms.

Several provocative tests are useful. To perform an Adson’s
test, palpate the radial pulse both before and after passively
abducting, extending and externally rotating the arm. Then,
turn the head toward arm in question. A decrease or loss of
pulse suggests thoracic outlet syndrome, which may be caused

Fig. 1. Sharp left-sided scoliosis associated with a T10 tumor.
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by a mass or supraclavicular lymphadenopathy. If cervical
radicular involvement is suspected, perform a cervical com-
pression test by applying axial pressure on top of head. Increased
arm pain reflects a positive test. Perform Spurling’s test by com-
pressing the head with the neck extended and turned to the
painful side. Reproduction of radiating arm pain suggests nerve
root entrapment in the neuroforamen (68). L’Hermitte’s phe-
nomenon refers to a shock-like sensation noted through the trunk
and extremities with passive flexion and compression of head

A positive distraction test implies relief of arm pain with
gentle axial traction on the head. Tension on the cervical nerve
roots can also be decreased by passively abducting the shoul-
der. Decreased pain, a positive shoulder abduction test, is
reported in 68% of those with cervical radiculopathy owing to
extradural compression (69).

Seek lumbar tension signs with both a supine and sitting
straight leg raise (see Fig. 2). This test is moderately sensitive,
but relatively nonspecific. A negative test, therefore, does not
exclude radiculopathy. The patient’s response depends on exact
location of compressing material (70). Perform the ankle dorsi-
flexion test by raising the supine patient’s leg to the point of
pain. Then, flex the knee slightly to relief hamstring tightness.
Next, dorsiflex the foot. If the pain recurs, the source is likely
radicular and not from muscle tightness. Laseque’s Maneuver is
undertaken with the patient supine and the hips and knees flexed
to 90º. Then, extend the knee until sciatica is produced (71).

Further evidence of compression of the L4–S2 roots is con-
firmed with a bowstring test. With the supine patient’s knee
flexed to 70º, press on the tibial nerve in the popliteal fossa.
Reproduction of pain in thigh or calf is a positive test (71).
Compression on the upper lumber roots L2–L4 may be as-
sessed with a femoral stretch test (see Fig. 3). Extend the thigh
at the hip with the leg flexed in a prone patient. Reproduction

of leg pain is a positive test. However, this test also causes pelvic
rotation, increased lumbar lordosis, and hip extension. There-
fore, groin pain may reflect hip joint disease and back pain may
reflect sacroiliac (SI) joint or facet joint pathology (71).

The prone knee bend also assesses upper lumbar nerve root
compression. Place one hand on the patient’s buttock allowing
the hip to remain in extension while the knee is flexed. Com-
pare left and right production of anterior thigh pain. Similar
pain reflects quadriceps tightness, differences suggest root
compression (72).

10. ASSOCIATED MUSCULOSKELETAL EXAM

The assessment of back and extremity pain is complicated
by radiating pain patterns from the spine into the extremities
and vice versa. Therefore, no spinal examination is complete
without an assessment of at least the shoulder, hip, and pelvis.

Shoulder and cervical spine pathology often coexist. Shoul-
der pain may radiate medially to neck and neck pain routinely
radiates laterally into shoulder. Other sources of referred pain
to the shoulder include: mediastinal lesions, cardiac ischemia,
and diaphragmatic irritation (5). Glenohumeral joint pain is
typically felt at the deltoid insertion and radiates down the lat-
eral arm.

Begin the shoulder examination by inspecting the shoulder
contour from the front and behind, specifically comparing
shoulder elevation. Look for scapular winging, which reflects
injury to the long thoracic nerve. Assess the deltoid, supraspina-
tus, and infraspinatus contours for atrophy.

Palpate the bony shoulder girdle including the subcutaneous
clavicle, scapular borders and spine, and the acromioclavicular
joint. Palpate the associated soft tissue structures including the
subacromial space, biceps tendon and posterior triangle. The
normal shoulder has a wide arc of motion: 160º forward flexion
and 50º of extension; 170º abduction (or side elevation) and 50º
adduction.Internal and external rotation should be above 65º in
all planes (67).

Provocative testing of the shoulder begins with the impinge-
ment test. Subacromial impingement may mimic radicular pain
and is reproduced by internally rotating the elevated arm. Exter-
nal rotation causes apprehension in the patient with shoulder
instability. Exacerbate acromioclavicular joint pain with cross
body adduction. Shoulder weakness may be owing to a C5 root
palsy or to a rotator cuff tear. Test each rotator cuff muscle in
isolation. The subscapularis is best assessed by a lift-off test
from the back. Place the arm in the impingement position and
ask the patient to resist caudal pressure to test the supraspina-

Fig. 2. The straight leg test.

Fig. 3. The femoral nerve stretch sign.
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tus. Test infraspinatus function by comparing the strength of
external rotation with the adducted arms.

SI joint pathology manifests as low back or buttock pain but
may also refer to posterior thigh and leg. Hip joint disorders
classically manifest as groin pain radiating to the anterolateral
thigh and medial knee. But hip pathology can also refer pain to
the back. Metastatic disease patients may have coexistent hip
and spine involvement.

Begin the hip and pelvis exam with inspection of the mus-
cular contour and overlying skin. Next, palpate the SI joints,
pubic symphysis, and femoral triangle. Extraspinal sciatic
nerve compression from malignancy may simulate
radiculopathy. In patients with disseminated disease and radicu-
lar complaints, palpate the entire course of the sciatic nerve from
its sciatic notch to the foot (73). The straight leg raise (SLR) test
may localize pain to a specific point along the course of the
nerve.

Normal hip ROM includes 110º of flexion and 30º of exten-
sion and approx 45º of abduction, adduction, and internal and
external rotation (67).

Perform provocative tests to further delineate the origin of
pain. Perform a Patrick test on the supine patient by holding the
contralateral iliac crest. Then, flex, abduct, and external rotate
the hip (see Fig. 4). A positive test causes increased SI joint area
pain. Increased groin pain reflects hip joint pathology. Perform
Gainslen’s test with the patient supine at the edge of the table
with both legs drawn up into the knee chest position. Allow
the unsupported leg to slowly drop off the edge of the table
while the supported leg remains with the hip flexed. This
maneuver places strain on SI joint and is positive if it gener-
ates concordant pain (74).

Perform Maitland’s Test in the lateral decubitus position
with the upper hip flexed to 90º and the lower hip extended.
Face the patient and put one hand on the anterior superior iliac
spine (ASIS) and the heel of the other hand on the ischial tuber-
osity. Push your hands in opposite directions to cause rotation
of the hemipelvis. A positive test produces of concordant pain
in the SI joint (74). Perform a pelvic rock test on the supine
patient by compressing the iliac crests. The posterior stress test

also provokes SI joint pain. Flex the hip and knee and place an
axial load on the hemipelvis.

The Trendelenburg test assesses L5 nerve root function, hip
abductor weakness, or primary hip joint pathology. Stand behind
patient with one hand on each iliac crest. Instruct the patient to
stand on one leg, then the other. A drop of the opposite side of
the pelvis implies weakness of hip abductors on weightbearing
side (see Fig. 5 [74]).

11. NEUROLOGICAL EXAM

Neurological deficit is more common in patients with pri-
mary spinal malignancy (55%) than in those with metastatic
disease (8–14%). Although weakness is the presenting symp-
tom in only 5% of children with malignancy, more than 65% of
these children will eventually develop weakness. In this patient
population, weakness progresses rapidly: 30% reach maximal
deficit in less than 48 h and 90% reach maximal deficit in less
than 10 d. Only 10% have more gradual progression (66).

Motor weakness may be difficult to differentiate from leth-
argy (6). Differentiate radiculitis (pain in radicular distribu-
tion) from radiculopathy (dermatomal sensory loss,
paresthesias, and motor loss). Pay special attention to signs of
cauda equina compression including bowel and bladder dys-
function, saddle anesthesia, and lower extremity sensorimotor
dysfunction. Cord compression from epidural extension of
tumors above the L2 level can cause myelopathy. Symptoms
of cervical myelopathy include numb, cold, painful hands, and
decreased fine motor skills. Myelopathy hand includes weak

Fig. 4. The Patrick flexion, abduction, external rotation (FABER)
test.

Fig. 5. The Trendelenburg test. The left-sided figure is normal. The
right-sided figure demonstrates a droop of the right side signifying
weakness of the left gluteus medius.
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intrinsics with the loss of adduction and extension of ulnar two
to three digits. Demonstrate the finger escape sign by asking the
patient to keep his fingers in full extension. If the ulnar digits
abduct, a myelopathy above the C6–C7 level is suggested (76).

In patients with metastatic disease and neurological dys-
function, consider brain and paraneoplastic involvement. As-
sess the cranial nerves and cognitive and cerebellar function.
Brain, spinal cord, nerve roots, and muscle lesions may affect
motor power. Flaccid paralysis suggests nerve root compres-
sion, whereas upper motor neuron injury causes spastic paraly-
sis. Power is graded:

5 Normal Complete ROM against gravity with full resistance.
4 Good Complete ROM against gravity with some

resistance.
3 Fair Complete ROM against gravity.
2 Poor Complete ROM with gravity eliminated.
1 Trace Evidence of slight contractility, no joint motion.
0 Zero No evidence of muscle contraction.

Assess the three categories of sensory changes. Pain and
temperature sensations are relayed through the lateral spinotha-
lamic tracts. Report changes in pain sensation as:

1. Hyperesthetic: increased sensation.
2. Hypesthetic: decreased sensation.
3. Dysesthetic: altered sensation.
4. Anesthetic: no sensation.

The ventral spinothalamic tract carries the majority of light
touch sensation. Light touch is typically the last modality lost
and therefore the last modality tested when recording the spinal
cord level. Test proprioception and vibratory sensation loss,
subtle signs of early myelopathy (64). The sensory level may be
several levels below the malignant lesion (24).

The reflex arc is a simple sensory-motor pathway, which
functions with modulation from long tract axons. Peripheral
interruption of the arc leads to loss of reflex. If the level of the
arc is intact, the reflex will function despite cord disruption
above. Reflexes vary considerably from patient to patient; com-
pare both sides. Spinal cord and brain lesions eventually lead to
hyperreflexia. Stretch reflexes are reported as:

�2 Normal.
�3 Increased (upper motor neuron).
�1 Decreased (nerve root pressure).

0 None (arc interruption).

Seek abnormal reflexes such as the Babinski (or plantar)
response. Firmly stroke the plantar surface of the foot with a
sharp instrument (see Fig. 6). Start from the heel and proceed
distally along lateral aspect of the sole and then medially across
the forefoot. A positive response is seen with upgoing and
fanned toes. No motion or downgoing toes are a normal or
negative response (64). Patients with foot problems are better
assessed with the Oppenheim test. Stroke tibial crest and look
for typical Babinski responses (64).

Test for clonus by quick and sustained dorsiflexion of ankle.
Two to three beats may be normal if symmetric and un-
changed from prior exam. However, more than four beats is
always abnormal. To perform Hoffman’s test, hold the middle

finger extended, flick the distal interphalangeal joint. If the
thumb and index finger flex, the test is positive. Repeated flex-
ion and extension of the neck may accentuate this response.
This test is often positive in normal patients, but may be an
upper motor neuron sign, especially if asymmetric.

The cremasteric reflex tests the integrity of the T12 (effer-
ent) and L1–L2 afferent neurological levels. When intact, a
unilateral elevation of the scrotal sac is seen when the skin of
ipsilateral inner thigh is stroked. Absence of elevation reflects
an upper motor neuron lesion (64). In patients with global
hyperreflexia, pathology above the foramen magnum should
be sought. Perform a jaw jerk by tapping on the patient’s jaw.
A brisk reflex indicates intracranial or systemic disease such as
hyperthyroidism or hypercalcemia.

At presentation, autonomic dysfunctions are reported in only
2% of those with spinal malignancy (66). However, subtle signs
of such dysfunction can be detected in 60% at the time of diag-
nosis. Autonomic signs include bowel dysfunction. Constipa-
tion is typical. Incontinence signals advanced disease. Other
signs include orthostatic hypotension, impotence, and decreased
sweating. Order urodynamic evaluation for further assessment
of bladder tone.

Test the various spinal levels individually (see Table 5).
C1–4 are difficult to test. C2 injury may present with occipital
headaches. C4 provides major innervation to the diaphragm. A
brisk scapulohumeral reflex reflects compression of the upper
cord (C1–3). To obtain this response, tap the tip of the scapular
spine. Look for elevation of the scapula and abduction of
humerus.

The C5 cord level provides sensation to the lateral arm (see
Fig. 7). Test motor function by resisting shoulder abduction.
The biceps reflex reflects mainly the C5 level, with some C6.
Rest the patient’s arm on medial side of your arm. Place your
thumb across biceps tendon and strike your thumb with the
hammer. The inverted radial reflex reflects cord and root
impingement at C5. Tap the brachioradialis tendon and note
a decreased brachioradialis reflex with finger flexor contrac-

Fig. 6. Babinski’s plantar response. The left-sided figure demonstrate
a normal (no) response. The right-sided figure demonstrates a posi-
tive plantar response with great toe extension and fanning of the lesser
toes.
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tion. The C6 cord level provides sensation to the lateral fore-
arm, thumb, index, and radial half of middle fingers. There is
no pure C6 level muscle, but the biceps has major C6 contribu-
tion, as do the radial wrist extensors. Assess the C6
brachioradialis reflex C6 by tapping on its tendon at distal wrist
with flat part of hammer.

The C7 cord level provides sensation to the middle finger,
but as C6 and C8 roots also contribute, there is no conclusive
way to test C7 in isolation. Motor function is tested by elbow
extension. The triceps reflex provides a C7 component through
the radial nerve. Test this reflex by tapping with the point of the
hammer into the olecranon fossa. C8 provides sensation to the
ulnar forearm and ulnar side of the little finger. Assess grip
strength. There are no reliable C8- or T1-mediated reflexes. T1
provides sensation to the medial arm. In that the intrinsics are
almost pure T1 in innervation, test T1 via finger abduction and
adduction.

T2 through T12 provide sensation to the thorax and abdo-
men. Each motor root overlaps its neighbors. Therefore, sen-
sory changes can be subtle if only one root is involved. Motor
testing is also challenging in that the intercostals, while seg-
mentally innervated, are difficult to test individually. The rec-
tus abdominus is segmentally innervated by anterior primary
rami of T5–T12. Elicit Beevor’s Sign by having the patient
perform a quarter sit up with his arms crossed on his chest.
During this exercise, the umbilicus should not move. If the
umbilicus is drawn up or down or to one side, upper motor
neuron suspect impairment.

L1 through L3 provide sensation to the anterior thigh be-
tween the inguinal ligament and the knee (see Fig. 8). There is
no specific muscle for each root. Each provides some innerva-
tion to the iliopsoas and quadriceps via the lumbosacral plexus.
Test these roots with hip flexion. L4 provides sensation from

Table 5
Spinal Levels

Motor levels Muscle Reflex Sense

C2 GON/head
C3 Neck
C4 Diaphragm, scapular Shoulders
C5 Biceps Biceps Lateral arm
C6 Wrist extensors Brachioradialis Radial forearm/thumb
C7 Triceps, EDC, WF Triceps Middle finger
C8 Finger flexors Ulnar hand
T1 Intrinsics (spread fing) Ulnar forearm
T2–T8 Interossei Axilla (2), else chest
T10–T12 Abdominals Lower abdomen
T12–L1 Cremasteric Front upper thigh
L2 Iliopsoas (L1–L2 Adductors) Front mid thigh
L3 Quads (with 4) Front knee
L4 Tibialis anterior Patellar Medial leg, med mall
L5 EHL (with S1 hamstrings) Front leg, dors foot, gt toe
S1 Gastrocnemius (FHL) Ankle Lateral foot
S2 Urethral sphincter Back thigh
S3 Anal sphincter Buttocks
S3–S4 Bulbocavernosus Perineum

GON, greater occipital nerve; EDC, estensor digiti commiunis; WF, wrist flexor; EHL, extensor hallucis longus;
FHL, flexor hallucis longus.

Fig. 7. The sensory dermatomes of the arm.
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the medial leg to the medial foot. Test L4 motor strength by
resisting ankle dorsiflexion. The patellar tendon reflex assesses
predominantly L4, but has contributions from L2 and L3 as
well. This reflex will decrease in the presence of knee pathol-
ogy.

L5 provides sensation to the lateral leg and dorsum of the
foot. Test L5 motor power by resisting toe extension and hip
abduction. There is no easily obtained L5 reflex. S1 provides
sensation to the lateral and plantar surface of the foot. Test S1
strength by single toe rise and resisting ankle eversion. The
Achilles reflex is almost entirely S1. S2–4 provide sensation to
three concentric rings around anus. While these roots provide
motor innervation to the intrinsic muscles of foot, there is no
efficient way to isolate them for testing. Inspect the toes for
clawing or cavus deformity. The anal wink is a superficial sac-
ral reflex.

12. CONCLUSION

Although myriad diagnostic modalities are now available to
assess patient health and disease status, a careful history and
physical examination remain the cornerstones of diagnosis in
patients with neoplastic disease.
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1. INTRODUCTION

Irrespective of the underlying pathology, treatment for neo-
plasia of the spine starts only after the disease has been identi-
fied and its extent confirmed on an objective study. Whenever
there is a suspicion that cancer has involved the spine, an appro-
priate screening protocol should be initiated to confirm or rule
out that suspicion and to provide a differential diagnosis or pre-
liminary diagnosis that will guide initial treatment.

2. SCREENING

The presence or absence of most spinal disorders is estab-
lished based on an evaluation of the patient’s history, physical
examination, and radiographic studies. However, it is well
known that multiple acquired and degenerative findings are
seen on imaging studies of asymptomatic individuals as well as
on autopsy of subjects who have never had neck or back pain.
These degenerative changes must be distinguished from super-
imposed pathology, including acute disorders such as infection
and neoplasia. The accurate interpretation of radiographic and
other screening studies can have significant consequences with
respect to the early recognition and treatment of primary and
metastatic spinal tumors.

Several authors have suggested the criteria for an effective
screening program. Wilson and Junger (1) defined 10 require-
ments for a cost-effective screening program and subdivided
them into four groups including knowledge of disease, feasibil-
ity, diagnosis and treatment impact, and cost. In screening for
spinal malignancies, each of these factors is important to the
reliability and accuracy of the process.

A commonly referenced study performed by Boden et al. (2)
evaluated the results of magnetic resonance imaging (MRI)
studies performed on 67 patients who never had back pain,
sciatica, or neurogenic claudication. Twenty percent of patients
younger than 60 yr of age had a herniated nucleus pulposus and
one had spinal stenosis. In the group of patients who were 60 yr
of age or older, 36% of the patients had a herniated nucleus
pulposus and 21% had spinal stenosis. Disc degeneration or
bulging was seen in at least one lumbar level in 35% of the
patients between 20 and 39 yr of age and in all but one of the
patients 60 yr of age or older. Although this particular study
does not involve spinal malignancies, it demonstrates that
screening studies will often reveal findings of little or uncertain
clinical significance. It is important to keep this in mind when
ordering and interpreting a spine MRI examination or chest
computed tomography (CT) scan to screen for metastatic le-
sions.

3. HISTORY AND PHYSICAL EXAM

Metastatic tumors are far more common than primary lesions
in the spine, accounting for 97% of all recognized spinal tumors.
Patients with adenocarcinoma are especially prone to spinal
involvement, with primaries from lung, breast, prostate, kid-
ney, gastrointestinal tract, and thyroid carcinoma making up
the majority of clinically relevant metastases (3). Certain pri-
mary tumors (chordoma, osteoblastoma) do show a predilec-
tion for the spinal column, but primary tumors of the spine still
make up a very small proportion of all spinal tumors. Initial
physical examination should include an examination of the
breasts, thyroid, prostate, and rectum for masses, a guaiac test
of the stool for blood, and a urinalysis for red blood cells.

3.1. AGE
Carcinomas and metastases demonstrate a peak incidence in

ages 40–60. Myeloma and lymphoma are also most common in
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the ages 50–60. The middle-aged patient presenting with a pain-
ful, undiagnosed lesion of the spine deserves careful scrutiny for
an underlying malignancy.

3.2. LOCATION
The majority of malignant tumors, both primary and meta-

static, will arise in the anterior vertebral body and possibly one
or both pedicles. Such lesions never produce a palpable mass,
and may be silent until they have grown to considerable size.

3.3. SYMPTOMS
Pain is by far the most common symptom, distinguished in

tumor patients by its unremitting nature and prominence at
night and at rest (4). Subjective complaints of weakness, and
objective neurological deficits can be identified in 35% of patients
with benign tumors and 55% of patients with malignancies.

Back pain symptoms may localize to a specific spinal seg-
ment or may be more diffuse. Radicular pain in the thoracic
region may result in girdle- or belt-like pain forming a band of
dysesthesias circumferentially around the trunk (5).

Pathological fracture resulting from extensive vertebral
body destruction may produce acute pain symptoms indistin-
guishable from those seen in traumatic or osteoporotic com-
pression fractures. Fractures may also cause acute or chronic
compression of the spinal cord, resulting in pain, paraparesis,
or paraplegia (6).

3.4. NEUROLOGICAL DEFICITS
Cord or nerve root compression are most common in rapidly

expanding malignant lesions, but any slowly progressive,
expansile neoplasm may produce a deficit if left alone long
enough. The clinician should maintain a high index of suspi-
cion for patients with persistent back or radicular pain, particu-
larly those with a known history of previous malignancies (7).

Any objective finding of cord compression or bowel and
bladder dysfunction should trigger a search for the cause.

3.5. LABORATORY STUDIES
Laboratory studies important to the evaluation of spine tu-

mor patients are discussed in detail in Chapter 11. Before estab-
lishing the diagnosis and completing the screening
examination, a handful of preliminary laboratory studies should
be obtained.

The erythrocyte sedimentation rate is nonspecific, but highly
sensitive for systemic disease or advanced focal involvement
by tumor or infection. A C-reactive protein analysis should be
added to further assess the possibility of infection. These stud-
ies, along with a basic metabolic panel should be ordered at the
point of initial evaluation.

Two additional laboratory studies that can be ordered at the
initial visit are a prostate-specific antigen study in men, and a
serum protein electophoresis/urine protein electrophoresis
panel to detect immunoglobulin spikes associated with plasma
cell neoplasms.

3.6. IMAGING STUDIES
3.6.1. Plain Films
Plain radiographs should be the first study ordered in any

case where spinal neoplasia is suspected. Anteroposterior (AP)
and lateral views of the spinal column and vertebra provide
considerable information about the presence and nature of the
lesion, and may be sufficient to identify diagnostic character-
istic in some tumor types. The benign or malignant nature of the

lesion may be deduced from the pattern of bony destruction.
Geographic patterns of bone destruction suggest a slowly
expanding lesion, either benign or low-grade, whereas more
rapidly growing tumors produce a moth-eaten appearance or
permeative pattern of destruction (8). Radiographic evidence
of bone destruction is not apparent until between 30 and 50%
of the mineralized bone has been destroyed, however, such
early lesions may be difficult to detect (9). Whereas 26% of
patients with spinal metastases will have occult lesions
undetectable on plain radiographs, careful scrutiny of plain
films will reveal some evidence of disease in roughly 90% of
symptomatic patients (10,11).

The classic early sign of vertebral neoplasia is the “winking
owl” sign, seen on the AP view. The loss of the pedicle ring on
one side results from the destruction of the pedicle cortex, usu-
ally by tumor invading from the vertebral body anteriorly.
Vertebral compression fracture secondary to erosion of bone
by tumor is another common radiographic finding. A patho-
logical compression fracture may be difficult to differentiate
from a traumatic or osteoporotic injury.

Acutely angled, painful scoliosis, a sclerotic region of bone
or pedicle, or focal osteopenia may all suggest a neoplastic
process.

Occasionally a patient presents with extensive bony destruc-
tion. In these cases, plain radiographs and active flexion and
extension radiographs may define the extent of instability
present and help limit the risk of cord injury through earlier
surgery or radiotherapy.

High quality studies are necessary. Imaging of the
cervicothoracic and thoracolumbar junctions is particularly
important (Fig. 1). Radiographic films should be centered over
the region of interest in order to obtain the best definition of the
endplates and bony cortices.

If multiple myeloma is a concern, a skeletal survey should
be ordered, as bone scan can be unreliable in these patients (12).
The skeletal survey individually images the bones of the
extremities, pelvis, and spine to identify areas of involve-
ment associated with diffuse disease.

3.6.2. Bone Scan
Tecnetium bone scans (99 m) are commonly used to detect

neoplastic disease of the musculoskeletal system. Highly sensi-
tive, bone scanning is ideal for detecting lesions in patients with
known visceral disease, and in undiagnosed, but symptomatic,
patients with negative or equivocal radiographs (Fig. 2).
Whole body scanning can determine the extent of dissemina-
tion in patients with known systemic disease and can define the
most accessible lesion for biopsy in patients with an unknown
primary malignancy. Bone scans have poor specificity. Non-
neoplastic pathology, most often osteoarthritis, can cause focal
uptake mimicking metastatic spread. The addition of single
photon emission CT (SPECT), a recent technological advance-
ment, however, improves the predictive value of planar scans by
better defining the anatomical location of uptake (13,14).

If the bone scan demonstrates widely dispersed areas of
skeletal involvement, the diagnosis of metastatic disease may
be reliably established. If there are only a few points of involve-
ment, the scan can guide the clinician in definitively imaging
these regions with CT or MRI.
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Fig. 1. Plain radiographs of spinal neoplasms. (A) Absence of the
right pedicle (“winking owl” sign) and lytic destruction of the verte-
bral body suggest a neoplastic process. The residual integrity of the
vertebral cortex (expanded but not disrupted) hints at the slower
growth of a benign or low-grade malignant lesion. The patient proved
to have an aneurysmal bone cyst. (B) The plain radiographs give little
clue as to the type of tumor affecting this patient, but the gross insta-
bility and destruction of the C2 vertebral body suggest an aggressive
and rapidly progressive malignancy, consistent with a metastasis from
the patient’s known breast carcinoma. (C) The vertebral collapse seen
at L2 in this 13-yr-old is atypical of Ewing’s sarcoma, but clearly
defined the involved vertebral level, allowing more specialized
radiographic analysis and biopsy, to establish the diagnosis.

3.6.3. CT Imaging
CT scanning improves the specificity in imaging of spinal

neoplasms. CT is highly sensitive to alterations in bone mineral
content and is able to demonstrate destructive processes far
more reliably and at much higher resolution than plain radio-
graphs can. Lesions may be visualized at an earlier time in their
development, before extensive bony destruction or intramedul-
lary extension has occurred, and before cortical erosion has
progressed to the point of fracture or extension into the soft
tissues. However, CT scanning is a time-consuming process
that is most effective when the appropriate region is targeted.
The preliminary bone scan or radiograph should identify the
correct level for CT scanning, improving the yield in diagnos-
tically difficult cases.

Newer techniques of spiral CT imaging and image analysis
and manipulation make it possible to image larger fields in less
time, and to create three-dimensional image products that lend
value to the preoperative staging process. Stereotactic guid-
ance systems also generate real-time data based on input from
preoperative CT studies. Properly selected scanning protocols
may be able to generate CT files suitable both for screening and
diagnosis as well as for operative planning and stereotaxis.
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CT has two roles in the screening protocol for patients with a
suspected spinal tumor: first, to establish the location, extent,
and character of the spinal lesion itself; and second, to determine
whether the neoplastic process has disseminated to the pulmo-
nary or hepatic viscerae. Whereas spinal CT should include both
bone and soft-tissue windows for greatest definition, a separate
study should be obtained to specifically evaluate the lungs and
abdominal contents. Findings of space-occupying or invasive
lesions within the lung or hepatic parenchyma suggest systemic
metastasis, changing the surgical perspective regarding the spi-
nal lesions. Enlarged lymphatics and nodes, visceral masses, and
evidence of unexplained infiltrates or effusions should be noted
for further diagnostic testing.

3.6.4. Magnetic Resonance Imaging
MRI has become the modality of choice to evaluate the spine

and its adjacent organ systems. MRI provides the best imaging
of neural structures, can clearly define intramedullary, intradu-
ral, and extradural masses, and can reveal the compressive
nature of the spinal lesion as well as the extent of its soft-tissue
spread. The ability to generate multiplanar images and to better
delineate soft tissue boundries makes MRI invaluable in diag-
nosis and treatment planning. Whole spine MRI is a reasonable
and reliable screening method, defining the entire extent of the
spinal column. It is the best method to evaluate suspected spinal
cord compression in a patient with known malignancy.

MRI has the ability to detect small neoplasms within the
spine because normal marrow is replaced with tumor tissue,
which has an increased cellularity and extracellular water con-
tent (15). MRI is not dependent on bony disruption or reaction
to provide a diagnosis. MRI can distinguish between traumatic
processes and neoplastic disease, and is helpful in differentiat-

ing malignant from osteoporotic compression fractures. Char-
acteristically, neoplasms have low signal intensity on T1 or T1-
weighted images, and high signal on T2. Fat suppression
techniques combined with intravenous gadolinium enhance-
ment further increase the contrast between normal fatty mar-
row and tumor tissue, making MRI the imaging technique with
the ability to detect neoplasms in their earliest stages (16).

Osteoporotic fractures can be distinguished from pathologi-
cal fractures owing to malignancy. Malignant lesions usually
have a more ill-defined margin, involvement of the pedicle,
marked enhancement, and frequent paravertebral soft tissue
extension, whereas benign causes of vertebral compression will
usually still have fat present within the body, not involve the
pedicle, demonstrate more focal edema, and not have an asso-
ciated soft tissue mass (17,18). Infection can also be differen-
tiated from neoplasm on MRI because infectious processes
usually involve the disk space and end plate and incite a signifi-
cant amount of edema. Neoplastic lesions are often more
defined, do not involve the disk or end plates, and are asso-
ciated with limited edema (Fig. 3 [15]).

3.6.5. Myelography
Myelography has now given way to MRI as the imaging

study of choice in most instances. In combination with com-
puted tomography, however, it remains a valuable tool for
detecting cord compression owing to fracture and bony impinge-
ment, especially in patients who cannot undergo MRI. This
includes patients with metallic implants such as heart valves,
intracranial clips, or intraocular metallic bodies should be imaged
via myelography.

Myelography can also provide some functional informa-
tion. In a patient with multiple levels of neural compression, a
myelographic block may reveal which level is critical to restor-
ing function. Myelography can not, by itself, provide any infor-
mation regarding tissues or structures outside the neural canal.

3.7. BIOPSY
Biopsy is the final step in screening and staging for spinal

tumors. The importance of a carefully planned biopsy cannot
be over emphasized. Once the biopsy incision has been made,
there are very few choices left in planning the definitive tumor
removal. When the surgeon selects an approach for biopsy
they are committed to that approach from then on. The risks
of inadequate or inappropriate biopsy can significantly alter a
patient’s prognosis for cure or prolonged survival. This risk is
significantly reduced when the biopsy is performed by the treat-
ing, rather than the referring, physician.

4. EVALUATION OF SPINAL METASTASES:
THE CLINICAL SCENARIO

The patient presenting for evaluation of spinal neoplasia has
been separated from the rest of the back pain population based
on their initial findings. Clinical symptoms and signs have
prompted their primary physician to obtain either plain radio-
graphs that have shown some lesion among the vertebrae, or an
MRI study which has revealed a suspicious lesion. Occasion-
ally, spinal involvement is identified during the staging workup
of a known visceral primary, i.e., breast or prostate carcinoma.
After a thorough history and physical examination and identi-
fication of the type and location of the primary malignancy if
possible, the next step is to completely characterize the level

Fig. 2. Bone scan identifies T12 metastasis in a patient with colon
carcinoma.
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Fig. 3. Magnetic resonance imaging provides important information
on the nature and extent of spinal disease. (A) T1-weighted image of
a lower thoracic lesion originally identified on plain radiographs.
Tumor tissue is dark in this format. (B) The T2-weighted image shows
the tumor as bright or inhomogenous. This T1–T2 pattern is most
consistent with neoplasm.

and degree of spinal involvement. An appreciation of those
primary malignancies that have a propensity to metastasize to
the spine increases the level of suspicion for a spinal metastasis
and, thus, the likelihood that the diagnosis will be made. These
primary sites include breast, prostate, lung, kidney, and thy-
roid, and physical examination should be completed at the first
visit. Appropriate laboratory studies are sent at this time as well.

Conventional radiographs are the first imaging modality
used to evaluate the spine, and should be obtained at the first
encounter if they are not already available (Fig. 4). Even if
excellent quality MRI has defined the extent of the soft tissue
involvement, radiographs provide important information re-
garding bone destruction and stability, and should be obtained
before proceeding with staging. Their additional contribution
lies in their ability to provide a rapid skeletal survey and rule
out other causes of back and neck pain including degenerative
changes and trauma including vertebral compression fractures.

If not obtained as the initial diagnostic study, the mainstay
in the evaluation of patients with suspected or known spinal
tumor is MRI. Sagittal T1- and T2-weighted images of the
entire spinal column should be obtained. Subsequently, axial
images are obtained through regions of the spine that are felt to
be symptomatic, correlate with a neurological level on physical
examination or demonstrate suspicious findings on conven-
tional radiographs, nuclear scintigraphy, or the sagittal images.
The evaluation of post-Gadolinium T1-weighted images should
be considered in patients with a suspicion for leptomeningeal
carcinomatosis and intramedullary lesions as well as those in
whom infection may be in the differential diagnosis.

At the same time, a battery of screening studies should be
ordered, including bone scan, chest CT scan, and abdominal
CT or ultrasound. These studies should be carefully reviewed
before proceeding to biopsy, as a lytic lesion of the iliac wing
will be much easier to biopsy than an anterior vertebral mass at
T2. Likewise, any consideration of surgical resection and
reconstruction will depend on the extent of metastatic disease
identified throughout the viscerae.

Once the screening studies have been obtained and assessed,
more definitive studies, including CT reconstructions, biopsy,
and specific tumor antigen studies can be considered based on
the most suitable differential diagnosis.

5. SUMMARY

The screening workup of a spinal tumor is intended to rap-
idly gather enough information to confirm the suspected diag-
nosis, provide an initial prognosis, and guide the definitive
work-up to establish a tissue diagnosis and effective treatment.
The studies included should be obtained or initiated at the first
specialty visit after the possibility of spinal neoplasia has been
recognized, and the important data should be in hand within the
first week after the evaluation is initiated.
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Fig. 4. Screening evaluation of a patient with thoracolumbar back pain. (A) Anteroposterior radiograph demonstrates a lytic lesion of the L1
vertebral body, with expansion or erosion of the right-sided pedicle. The process is destructive but well marginated, or geographic, suggesting
a low-grade malignant process (B) Magnetic resonance imaging confirms extensive bony replacement and canal compromise by soft-tissue
mass. Sedimentation rate was elevated, but not C-reactive protein. A monoclonal immunoglobulin G spike was isolated from both the urine
and serum electrophoresis studies. (C) Transpedicular biopsy carried out under fluoroscopic control confirms diagnosis of plasma cell tumor.
Systemic work-up confirmed a solitary lesion.
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1. INTRODUCTION

Multiple modalities are available for imaging the spine in
patients with cancer, including conventional radiography, com-
puted tomography (CT), radionuclide imaging, magnetic reso-
nance imaging (MRI), functional and metabolic imaging, and
interventional radiology techniques. After a careful history and
physical examination, the next step in the evaluation of the
patient with primary or secondary neoplastic involvement of
the spine is selection of the appropriate imaging modality and
its application at the appropriate region of the spine.

The purpose of this chapter is to review these techniques and
their roles in the definitive diagnosis and treatment planning of
the patient with cancer involving the spine.

2. CONVENTIONAL RADIOGRAPHY

Conventional radiography is often the first imaging modal-
ity used to evaluate the spine. The major advantages of this
imaging modality are its wide availability and that it provides
a rapid, inexpensive evaluation that covers a large extent of the
spine. The major disadvantage of conventional radiography is
its inability to discriminate soft tissues and its low sensitivity
for the detection of osseous destruction and/or marrow replace-
ment. It has been established that there must be approx 50%
reduction in the local bone mineral density before a lesion is
detectable on conventional radiographs (1,2). In addition, the
quality of conventional radiographic imaging is limited at the
occipitocervical and cervicothoracic junctions as well as in
the sacrum.

Conventional radiographs may be used to evaluate the patient
with a primary malignancy or metastatic disease of the spine.
Radiographs should be scrutinized for the presence of lytic or

blastic lesions suggestive of a metastasis. One relatively spe-
cific finding is the “winking owl” sign often seen in the lumbar
and thoracic spine on anteroposterior (AP) radiographs. This
sign results from marrow replacement of the pedicle and the
resultant asymmetry between the involved pedicle and adja-
cent pedicles. In addition, frank destruction of the osseous
elements and blastic changes might be noted on AP and lateral
radiographs. Metastatic carcinoma in bone has a predilection
for the axial skeleton, but has a wide range of plain radiographic
patterns. Bone lesions may be radiodense or radiolytic, how-
ever, certain metastatic diseases produce consistent radio-
graphic patterns. For example, metastatic lung or renal cell
carcinoma almost always produces radiolytic lesions, whereas
metastatic prostate cancer usually produces radiodense lesions.
Metastatic breast carcinoma is often osteoblastic, but a mixed
osteolytic and osteoblastic pattern is not uncommon (31,32).
Another important indication for the use of conventional radio-
graphs is preoperative planning. Although CT or MRI may
often provide significantly improved evaluation of a given le-
sion, conventional radiographs provide the spine surgeon with
a “roadmap” that allows for confirmation of the spinal level of
involvement and, thus, a guide within the operating room where
only conventional radiographic imaging or fluoroscopy may be
available.

3. MYELOGRAPHY

Myelography is performed after the introduction of a non-
ionic contrast agent into the subarachnoid space via either a
cervical or lumbar puncture followed by conventional radio-
graphs and often CT to obtain indirect evidence of neural com-
pression. Myelography augments the information obtained
from conventional radiographs by allowing for assessment of
the extradural compartments and occasionally the intradural-
extramedullary compartment. The addition of CT increases the
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sensitivity and specificity of the diagnostic test (3). The major
disadvantage of myelography is that it is an invasive examina-
tion that may place the neural elements at risk. In addition to the
small risk of allergic reaction, infection, bleeding, or a lowered
seizure threshold, myelography can result in a decline in neu-
rological function in patients with tumor-related spinal cord
compression (4). Another disadvantage is that myelography
generally does not demonstrate the site of neural compression
below a complete block of contrast flow (5). With the relatively
recent advent of MRI, which allows for excellent evaluation of
all compartments of the spine as described below, the use of
myelography is primarily indicated in patients for whom MRI
is contraindicated. One excellent primary indication for myel-
ography is imaging of the instrumented spine where metallic
artifacts may obscure detail.

More than for other imaging modalities, a certain amount of
experience is required for the successful evaluation of even
routine conventional and CT myelogram studies. The requisite
knowledge includes a basic understanding of the pattern of
flow and distribution of cerebrospinal fluid (CSF) within the
thecal sac. With this in mind, the goal in evaluating these stud-
ies is to determine whether or not the CSF distribution is normal
and if it is not, determine what structure is causing a change in
the contour of the contrast-filled subarachnoid space.

When reviewing a myelographic study, one should first
evaluate the conventional radiographs (including AP, lateral,
and oblique views) obtained after the administration of the in-
trathecal contrast agent. The relationship of the osseous spine
to the thecal sac and nerve roots is evaluated with specific atten-
tion to regions of extrinsic compression on the thecal sac or nerve
roots that may result in a deformation of the thecal sac, a sug-
gestion of stenosis or a “cutoff” of flow below a given spinal
level, or into a given nerve root sleeve. In most instances, a CT
scan is also obtained after the conventional radiographs and the
sagittal and coronal reconstructed images as well as the origi-
nal axial images are reviewed for additional findings with
the benefit of cross-sectional visualization, improved soft-tis-
sue contrast, and osseous detail.

4. COMPUTED TOMOGRAPHY
CT allows for the acquisition of high-resolution axial images

of the entire spine; its primary strength is that it affords the
opportunity to evaluate the osseous elements and extradural
compartment. The evaluation of now readily available sagittal
and coronal reconstructed images allows for excellent depic-
tion of the overall spinal alignment and the three-dimensional
configuration of a given lesion. The more recent use of three-
dimensional, volume-rendered, and surface-rendered recon-
structed images are often useful for preoperative planning (7,8).
Newer multiple-row detector helical CT scanners have decreased
imaging times to the point where the rate-limiting step is the time
required to place the patient on the scanner table and vastly
improving imaging quality and resolution (9).

The disadvantages of CT include the use of ionizing radia-
tion and the diminished ability to differentiate soft tissue struc-
tures as is possible with MRI. Visualization of the subarachnoid
space necessitates myelographic contrast with CT, whereas this
space is easily discriminated on MRI.

It is important to note that CT with bone windows is a useful
study that often complements the information provided by MRI.
CT allows for the determination of the nature of osseous
changes seen in association with spinal tumors. If CT imaging
shows sclerotic margins for a vertebral body lesion seen on
MRI, the lesion is likely to be a benign or slowly growing
process.

5. MAGNETIC RESONANCE IMAGING

MRI allows for high-resolution imaging of not only the
osseous structures of the spine, but also the soft tissue struc-
tures, including the intervertebral discs, spinal cord, nerve roots,
meninges, and paraspinal musculature in multiple orthogonal
planes. MRI also provides the capability of soft tissue differen-
tiation, including the ability to differentiate between CSF and
neural tissue without the use of intrathecal myelographic con-
trast materials. MRI has been shown to be superior to CT in the
evaluation of neoplasms of the spine (10,11). CT and MRI are
often complementary in the evaluation of primary extradural
bone tumors. The disadvantages of MRI include its limited
ability to detect calcification and small osseous fragments and
the potential for image degradation from motion artifacts sec-
ondary to the longer scan times (12).

Spine tumors are generally classified according to anatomic
location as extradural, intradural-extramedullary, and intradu-
ral-intramedullary (12–14).

5.1. IMAGING PROTOCOLS
MRI protocols for the evaluation of spinal tumors vary

widely among institutions and also according to the region of
the spine involved. Most protocols include sagittal and axial
T1- and T2-weighted images. Coronal images are helpful for
tumors with paraspinal extension; they show the extent and
position of the tumor relative to the surrounding organs, i.e., the
lung, liver, and aorta. Contrast enhancement is particularly
useful for the evaluation of intradural-extramedullary and
intramedullary tumors. Most extradural tumors enhance,
however, contrast administration may be of lesser value for
lesions in this space than for those in the other two compart-
ments. Contrast-enhanced imaging may even decrease the
conspicuity of the lesion because of the high signal of fat within
the marrow in adults on T1-weighted images. Thus, fat sup-
pression is useful for extradural lesion evaluation. Fat-suppres-
sion sequences are applied to T2-weighted sequences in which
the lesion is often hyperintense against a hyperintense fatty
background. Gradient echo sequences are generally not useful
for tumor imaging unless hemorrhage is suspected (e.g., in the
case of a cellular ependymoma or cavernoma). Diffusion-
weighted imaging may also be useful for distinguishing be-
tween benign and pathologic compression fractures (15).

5.2. CLASSIFICATION OF SPINAL CORD TUMORS
Several authors have advocated the classification of spinal

cord tumors into three categories: extradural, intradural-ex-
tramedullary, and intramedullary (Table 1; Fig. 1 [12–14]).
The MRI appearance of a spinal tumor and the careful evalua-
tion of the tumor on axial, coronal, and sagittal images allows
for the reliable assignment of the tumor into one of these three
categories, leading to a differential diagnosis. Samples are pro-
vided in the next sections, however, in clinical practice, the



CHAPTER 10 / IMAGING OF THE SPINE 75

Table 1
Classification of Spinal Tumors

Intradural-
Extradural extramedullary Intramedullary

Metastases Nerve sheath tumors Ependymoma
Myeloma Meningiomas Astrocytoma
Lymphoma Lipoma Hemangioblastoma
Hemangioma Epidermoid Metastases
Aneurysmal bone cyst Dermoid Glioblastoma
Giant cell tumor Arachnoid cysts
Osteoid osteoma Paraganglioma
Osteoblastoma Intradural metastases
Osteochondroma
Eosinophilic granuloma
Ewing’s sarcoma
Osteosarcoma
Chordoma
Leukemia
Chondrosarcoma

Fig. 1. These drawings illustration the typical appearance of (A) extradural, (B) intradural-extramedullary, and (C) intradural-intramedullary
tumors.
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diagnoses should be modified based on patient characteristics
such as age, gender, past medical history (including history of
primary malignancy), and clinical symptoms.

5.2.1. Extradural Tumors
Extradural tumors account for approx 30% of all spinal cord

neoplasms (16) and include all masses that are located periph-
eral to the dura mater. These lesions usually act to compress the
spinal cord extrinsically and eccentrically. Extradural lesions
arise from the osseous spine, disk, or adjacent soft tissue. These
lesions displace the thecal sac away from the mass, resulting in
compression and narrowing of the subarachnoid space above
and below the mass. This narrowing of the subarachnoid space
can best be seen on axial and sagittal images (12).

A comprehensive differential diagnosis of extradural tumors
is included in Table 1. Most extradural spinal neoplasms are
metastatic and, therefore, malignant (Fig. 2). Metastases, the
most common neoplasms of the spine, are usually seen in
patients over 40 yr old (12). Breast, lung, and prostate cancer
account for most metastatic spinal disease (12,13). Although

not as common, multiple myeloma and lymphoma should be
placed high in the differential diagnosis because multiple
myeloma is the most common primary malignant bone neo-
plasm and lymphoma is a frequent cause of spinal malignancy
in any age group.

Extraspinal tumors extending into the spinal canal through
the neural foramina are most typically seen in lymphoma and
myeloma. In addition, Pancoast’s tumor in the thoracic spine,
renal cell cancer at the thoracolumbar junction, and neuroblas-
toma in children are examples of neoplasms that extend into the
spinal canal from their site of origin (Fig. 3).

5.2.2. Intradural-Extramedullary Tumors
Intradural-extramedullary tumors comprise the largest

group of spinal cord neoplasms and represent approx 55% of all
primary spinal cord neoplasms (17). Intradural-extramedullary
tumors are located between the dura mater and the spinal cord.
The MRI findings of intradural-extramedullary tumors are very
specific. At the level of the tumor, the cord is displaced to the
contralateral side, and the CSF column forms an acute angle

Fig. 2. Extradural lesion. (A) Sagittal T1-weighted cervical and (B) T2-weighted lumbar images show multiple extradural lesions, compatible
with metastases in a patient without a known primary malignancy.
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with the tumor at its site of attachment to the dura. The sub-
arachnoid space is widened on the ipsilateral side and narrowed
on the contralateral side. With larger tumors, the spinal cord is
often flattened against the dura on the contralateral side. Myel-
ography shows a sharp delineation of the contrast column along
the surface of the mass, referred to as a “contrast meniscus.”

The most common intradural-extramedullary tumors include
the nerve sheath tumors (neurofibromas and schwannomas) and
meningiomas, which account for approx 50% of all adult pri-
mary spinal neoplasms (Fig. 4 [13]). Meningiomas, usually
located dorsal to the thoracic cord, commonly have a flat dural
base. When evaluating a gadolinium enhanced MRI of the
spine, sagittal, axial, and especially coronal planes should be
obtained to detect “dural tails” that are very suggestive of
meningioma (18). The appearance of a dural tail results from
enhancement of that portion of the meningioma (the tail) that
extends towards and infiltrates into the dura. Schwannomas
and neurofibromas may have a dumbbell shape with both intra-
dural and extradural components and frequently have forami-
nal extension. An enlarged neural foramen is highly suggestive
of a nerve sheath tumor. Patients with intradural lesions com-
monly require imaging of the entire craniospinal axis because
multiple lesions (i.e., drop metastases, neurofibromatosis, or
spread from intracranial tumors) may have to be ruled out before
subjecting a patient to a high-risk spinal cord operation. Multiple
enhancing intradural nodules are highly suggestive of leptom-
eningeal disease in a patient with a history of cancer. The same

radiological findings in a patient with Von Recklinghausen’s
disease suggest multiple neurofibromas or schwannomas.

5.2.3. Intradural-Intramedullary Tumors
Intramedullary tumors account for 16 to 25% of spinal cord

neoplasms (12,17). These tumors are located within the paren-
chyma of the spinal cord (Fig. 5). The characteristic MRI find-
ing is widening of the spinal cord in all planes (sagittal, axial,
and coronal), narrowing of the CSF column at the level of the
lesion, and an enhancing lesion, commonly associated with a
syrinx. Complete lack of enhancement, absence of spinal cord
enlargement and the absence of a syrinx should alert the phy-
sician to other potential non-neoplastic conditions such as trans-
verse myelitis. In patients who present with an ill-defined spinal
cord abnormality suggestive of a plaque on MRI examination,
a brain MRI can be very helpful in ruling out multiple sclerosis.
The presence of multiple periventricular lesions, which are best
seen on axial T2-weighted images, are highly suggestive of
multiple sclerosis.

Gliomas account for approx 95% of all intramedullary neo-
plasms (17); approx 65% are ependymomas and 30% are astro-
cytomas (12,17). Children show a slight preponderance of
astrocytomas relative to ependymomas, and there is a large
predominance of ependymomas in and below the conus
medullaris (19). Hemangioblastomas, although rare, should
also be considered when evaluating a patient with an intramed-
ullary tumor (20,21). These tumors are found most frequently
at the cervicothoracic and thoracolumbar regions (13) and are

Fig. 3. Extradural lesion. (A) Sagittal computed tomography reconstruction and (B) sagittal T2-weighted images show a large sacral lesion,
which was found to be a large schwanomma with extradural extension.
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Fig. 4. Intradural-extramedullary lesion. (A) Sagittal T1-weighted, (B) sagittal T2-weighted, (C) axial post-Gadolinium T1-weighted, and (D)
intra-operative images show a schwannoma in the distal thoracic spine. (Reprinted with permission from ref. 21a.)
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typically subpial in location with a cystic component with an
enhancing mural nodule and signal voids owing to their
hypervascularity. Metastases can also present as intramedul-
lary lesions. A common primary site is an intracranial neo-
plasm that spreads via CSF seeding to the leptomeninges, which
may lead to direct invasion of the spinal cord (13). Other pri-
mary sites outside of the central nervous system include lung
and breast carcinoma, lymphoma, melanoma, and adenocarci-
noma (13,22). Intramedullary spinal cord schwannomas are
rare; only 44 cases have been reported in the literature (23).

Gadolinium plays an important role in the evaluation of
intramedullary disease because it can aid substantially in
lesion delineation and characterization (24–26). With focal
lesions such as hemangioblastomas and metastases, gado-
linium enables accurate distinction of the solid portion of the
tumors from the extensive edema (27). In addition, most pri-
mary cord gliomas will show some enhancement regardless of
histologic grade. This enhancement has proven useful because if
an intramedullary lesion is seen, lack of enhancement makes a
glioma less likely and places other processes (such as benign
syrinx) higher in the differential diagnosis (26). Certain tumors
(i.e., intradural-extramedullary drop metastases) may be virtu-
ally invisible without the administration of gadolinium. Finally,
gadolinium is useful for differentiating reactive from neoplas-
tic cysts because reactive cysts usually do not enhance and
tumor cysts are generally surrounded by enhancement and require
excision. Other advantages of gadolinium include: (1) improved

biopsy yield secondary to the correlation between higher cellu-
lar activity and tumor aggression at enhancing sites (28); (2)
improved delineation of cord compression and differentiation
of enhancing tumor from nonenhancing cord; and (3) evalua-
tion of the response of spinal metastases to therapy. Overall,
Godolinium-diethyltriamine pentaacetic acid-enhanced MRI in-
creases MRI sensitivity and specificity and improves the reli-
ability of spinal tumor diagnosis (29).

The careful evaluation of an MRI study is critical to the
treatment of spinal tumors. The clinician must focus on placing
the lesion within a compartment rather than describing mul-
tiple details regarding the lesion that may not affect the final
diagnosis. Determining the location (extradural vs intradural-
extramedullary vs intramedullary), recognizing the character-
istic signal intensity changes with various pulse sequences, and
an understanding of the indications and limitations of the avail-
able imaging protocols in addition to other imaging modalities
can provide a precise radiological identification of the tumor
type and help guide additional evaluation, treatment, and sub-
sequent follow-up.

5.2.4. Radionuclide Imaging
The primary indication of nuclear scintigraphy is staging

and evaluation of skeletal metastases. It is important to note
that nuclear scintigraphy, although quite sensitive, lacks
specificity owing to the fact that multiple other processes (i.e.,
degenerative arthritis, trauma, and infection) also lead to an
increase in radiotracer activity as is seen in patients with meta-
static disease (30,31). In addition, multiple myeloma and sev-
eral lytic metastases can produce false-negative examinations
because of their aggressive nature and the inability to allow
for osseous remodeling (32). Another potential use is seen in

Fig. 5. Intradural-intramedullary lesion. (A) Sagittal T2-weighted and
(B) axial T2-weighted images showing in intradural-intramedullary
lesion compatible with a cavernoma of the cervical spinal cord at the
C5 level.
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patients with metastatic lesions of unknown primary where
nuclear scintigraphy may allow for the localization of a periph-
eral skeletal lesion, which is amenable to percutaneous or open
biopsy (33).

Most sites of metastatic tumor deposition demonstrate a
focal or asymmetric increase in radiotracer activity (Fig. 6)
related to an increase in osseous remodeling secondary to os-
teolysis resulting from the osteoclasts that have been activated
by the metastatic tumor cells. When evaluating these images, it
is important to have an understanding of the normal patterns of
radiotracer distribution within the skeleton including increased
activity in regions of rapid remodeling including the epiphy-
seal plates in children and in common areas of degenerative
changes in older adults (i.e., knees, hips, shoulder joints, costo-
chondral junctions of the rib cage).

5.2.5. Functional and Metabolic Imaging
Positron emission tomography (PET) images are produced

after the injection of trace amounts of radionuclides that have
been produced in a cyclotron and concentrate in areas of
increased metabolic activity including tumors and various
organs. The radiotracers are often bound to metabolites, which
are specific to various tumors and may assist in evaluating their
metabolic activity and response to treatment. Fluorine-18
fluorodeoxyglucose PET has been shown to have a high pre-
dictive value in differentiating spinal metastases from benign
lesions when the number of foci and pattern of radiotracer
activity are considered (34). PET imaging is highly special-

ized and is offered at select institutions across North America
and the images are best reviewed with nuclear medicine trained
physicians with specialized training in PET.

5.2.6. Interventional Radiology Techniques
Interventional techniques include those that require fluoro-

scopic guidance to the region of interest and include vertebral
biopsy, angiography, vertebroplasty, and kyphoplasty (33). The
latter two techniques are discussed in Chapter 34 as well as
other minimally invasive surgical techniques. Vertebral biop-
sies are often performed to obtain a definitive diagnosis before
proceeding with medical or surgical treatment. Fluoroscopic
guidance can be used to navigate transpedicular and
extrapedicular approaches. In addition, vertebral biopsies can
be performed in conjunction with vertebroplasty and kyphoplasty
procedures. Angiography is usually used to evaluate vascular
lesions of the spine including hemangiomas and other vascular
malformations and metastatic lesions that tend to be highly
vascular, such as renal cell carcinoma and thyroid cancer. Di-
agnostic angiography can also be combined with endovascular
embolization techniques to decrease the vascular supply to a
region before proceeding with open surgical intervention.

5.2.7. Evaluation of Spinal Metastases
A common clinical scenario in the management of patients

with cancer is the diagnosis and treatment of spinal metastases.
After a thorough history and physical examination and identi-
fication of the type and location of the primary malignancy if
possible, the next step is the identification of the level and
degree of spinal involvement. An appreciation of those primary
malignancies that have a propensity to metastasize to the spine
increases the level of suspicion for a spinal metastasis and,
thus, the likelihood that the diagnosis will be made. These pri-
mary sites include breast, prostate, lung, kidney, and thyroid
(35,36).

Although conventional radiographs have been shown to
have a poor sensitivity for the evaluation of spinal metastases
(37), they are often the first imaging modality used to evaluate
the spine. Their contribution lies in their ability to provide a
rapid skeletal survey and rule out other causes of back and neck
pain including degenerative changes and trauma including
vertebral compression fractures. In addition, they assist in the
localization of the level of pathology, which is useful for opera-
tive planning.

The mainstay in the evaluation of patients with suspected or
known spinal metastases is MRI. Sagittal T1- and T2-weighted
images of the entire spinal column should be obtained. Subse-
quently, axial images are obtained through regions of the spine
that are felt to be symptomatic, correlate with a neurological
level on physical examination or demonstrate suspicious find-
ings on conventional radiographs, nuclear scintigraphy, or the
sagittal images. The evaluation of post-Gadolinium T1-
weighted images should be considered in patients with a suspi-
cion for leptomeningeal carcinomatosis and intramedullary
lesions as well as those in whom infection may be in the differ-
ential diagnosis.

6. SUMMARY
Several different imaging modalities are available for imag-

ing the spine of a patient with cancer. It is the role of clinicians

Fig 6. Radiotracer uptake in metastatic disease. Focal uptake in tho-
racic spine coincides with destructive lesion involving vertebral body
and pedicles, not yet apparent on plain radiographs.
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to evaluate the patient and use their basic understanding of the
imaging options available along with the likely characteristics
of the primary or metastatic lesion to select the appropriate
imaging study, they should also consider factors such as patient
risk, cost to the health care system, and the sensitivity and
specificity of the study.
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1. THE SCOPE
Almost any time a physician treats a bony lesion or fracture

pathological to the spine, the world of poor bone quality is
entered. In order to improve understanding (and control) of the
normal and diseased skeletal system, it is necessary to be con-
versant with a basic knowledge of these disorders affecting the
spine. Therefore, basic laboratory tests, which can aid in the
diagnostic work-up and evaluation of tumor recurrence, are re-
viewed in this chapter. It should be noted, though, that this chap-
ter provides only an overview on the subject and it does not
provide a complete review of all laboratory tests and prognostic
factors applicable to spine tumor patients.

2. BONE AS A TISSUE
Bone is a specifically designed and uniquely ordered struc-

ture, which serves as a beautifully engineered framework for
the body; it is a protector of organs, a system for movement of
tissues in an orderly and structured fashion, a reservoir for the
cells of the marrow and fat and type I collagen and the location
of three unique cell types: the osteoblast, the osteocyte, and the
osteoclast. These three types of cells are important in the devel-
opment and maintenance of the bone. The cells are locally
synthesized from osteoprogenitor cells, which in simple terms
creates an osteoblast to make bone, an osteocyte to maintain it,
and, by a less direct route, the osteoclast to destroy it. These
cells are the critical components, which maintain the structure

of the bone and are very sensitive to variations in shape, weight,
trauma, and a variety of disorders and diseases. Amazingly, the
cells can and do very appropriately and rapidly adjust to these
disorders (1).

Of considerable importance is the recent recognition of an
array of cytokines and glycoproteins, which for the most part
affect the bone cells either to enhance production or increase
the rate of destruction (1–4). These include the transforming
growth factor (TGF)-⇓s, fibroblast growth factors, the bone
morphogenetic proteins, the insulin-like growth factors (IGF)-1
and -2, the interleukins (IL), especially IL-1, tumor necrosis fac-
tor, platelet-derived growth factor, parathyroid hormone
(PTH), 1,25 dihydroxy vitamin D, osteoadherin, hyaluronan,
osteonectin, osteopontin, and bone sialoprotein. These materi-
als plus estrogen and androgen are thought to be responsible for
the modifications in synthesis frequently encountered as well
as the variation in size and structure of the bone (1–4). The
actual sequence by which these materials act is still not com-
pletely known, but it is thought that bone cells arise from stem
cells, which under the influence of the bone morphogenetic
proteins and TGF-⇓s, become osteoprogenitor cells. These cells
become pre-osteoblasts under the action of fibroblast growth
factors and platelet-derived growth factors. PTH, 1,25
dihydroxy vitamin D, the IGF-1 and -2, and the TGF-⇓s are
responsible for conversion of the cells to active osteoblasts
which synthesize bone (4). Other agents (e.g., osteoadherin,
hyaluronan, osteonectin, osteopontin, and bone sialoprotein)
are thought to be responsible for defining the shape, texture,
and turnover rates of the bone (1–4) and 1,25 dihydroxy vita-
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min D and PTH and parathyroid-related protein are thought to
be responsible for the bone destruction (3).

By a biomechanical definition, bone can be considered to be
a two-phase composite. The organic phase consists of closely
cross-linked, highly ordered, relatively insoluble type I col-
lagen fibers, which in large measure define the structure and
shape of the bones (5,7). Impregnated within those fibers at
specific sites in a quite orderly fashion (5,7) are extraordinarily
tiny crystals of calcium hydroxyapatite having the basic for-
mula of Ca10(PO4)6(OH)2 (5,7,8). The dimensions of that crys-
tal are extremely small, 50 ⋅ 100 ⋅ 200 Å, which provides an
enormous surface area (6,9,10). If all the calcium and phos-
phate of bone were in one crystalline segment, the estimated
surface area is less than two square meters. By contrast, the
crystalline polyhedral structure of the tiny segments of calcium
hydroxyapatite presents a reactive surface for a 60 kg person,
which is estimated as greater than 100 square miles. In addition,
the crystal has a hydration shell, unfilled surface spaces and is
quite reactive (8,10). On the basis of these observations, it
should be evident that the bone mineral is in direct contact with
the extracellular fluid and represents a highly reactive reser-
voir, both for rapid deposition of excess mineral or for almost
instantaneous recovery of materials during periods of deficit or
in the diseased state (10).

3. CONDITIONS AFFECTING THE INTEGRITY
OF BONE

Although the panoply of bone diseases must surely number
in the hundreds, this chapter only consider four categories of
causation of weakened bones: hyperparathyroidism; the rachitic
syndromes (i.e., rickets, osteomalacia, and renal osteodystro-
phy); osteoporosis; and malignant diffuse skeletal disease,
chiefly represented by metastatic disorders, and disorders of
the hematopoietic system such as multiple myeloma. The dif-
ficulty of distinguishing them from each other on the basis of
history, physical examination, and imaging is a major issue for
the physician treating spinal neoplasia. The patients often have
the same complaints, the identical findings and may not, on
standard laboratory tests, show a great difference. One of the
purposes of this chapter is to describe in more detail two of the
four syndromes (hyperparathyroidism and malignancies) with
consideration of appropriate diagnostic work-up of spinal lesions.

4. PRIMARY HYPERPARATHYROIDISM
Primary hyperparathyroidism is a well recognized entity and

was partially identified more than a century ago by Friedrich
von Recklinghausen (11). He and his coworkers are respon-
sible for the descriptive Latin appellation of osteitis fibrosa
cystica (generalisata) for the entity. The histological changes
are quite distinctive and, in florid disease, show fibrous re-
placement of the marrow, osteoclastic resorption of the bone,
osteoblastic rimming on new and, often, incompletely mineral-
ized lamellar bone trabeculae and “brown tumors,” and
“...areas of granulation tissue, inflammatory cells and giant
cells with virtually no bone at all…” (12). The disease results
from an excess secretion of PTH, which mostly occurs in response
to a solitary adenoma or, less commonly, a hyperplasia affecting
all four glands or, in rare cases, a carcinoma of a single parathy-

roid gland (13–18). Because the parathyroid gland output of
PTH is believed to be almost entirely dependent on the serum
and extracellular fluid values of [Ca++] (it should be noted that
ionized magnesium also plays a role in discharging the PTH
from the glands [32–34]), the implication is that the diseased
gland fails to recognize the signal and does not “turn off” in
response to high levels of serum or extracellular fluid [Ca++]
and, hence, becomes a “runaway train,” pouring out the PTH
and not obeying or even seeing the critical message sent by the
excessive calcium levels (19–21).

Bone breakdown occurs partly as a result of destruction of
the crystals, but more importantly as a result of osteoclastic
resorption, which causes holes to occur in the bone (22–25).
These fill in with fibrous tissue (hence the name osteitis fib-
rosa) and at times become confluent to produce a large defect
known as a “brown tumor” (23,26–28). Because there is also a
simultaneous decrease in the %TRP, a phosphate diabetes
ensues and the patient becomes hyperphosphaturic (15,16).
The chemical findings are then an elevated serum calcium, a
lowered serum phosphate, and because bone formation occurs
in response to the destruction, an elevated serum alkaline phos-
phatase. The increase bone formation often results in a patchy
increase in activity of the bone scan. It should be noted that
some of the newer markers are useful in this regard and bone-
specific alkaline phosphatase, osteocalcin, urinary pyridinilone,
deoxypyrodinilone, and N-telopeptide of collagen can all be
abnormal in even mild cases of hyperparathyoidism (29). The
serum urate elevation (reflecting tissue breakdown [30]),
diminished %TRP, and increased urinary calcium all con-
tribute to recognition of the presumptive diagnosis. To be cer-
tain of the diagnosis, particularly in the face of the many other
causes of hypercalcemia (15,31,32), an analysis of the concen-
tration of PTH must be performed, which is not as easy a task
as originally considered (33,34). It has been proposed that the
principal tests at present are the immunoradiometric and
immunochemiluminometric assays for PTH 1-84, which have
their greatest value in separating hyperparathyroidism from the
hypercalcemia of malignancy. The latter involves principally
PTH-related protein promoter (PTHrP), which is not ordinarily
detected by these immune studies (15,16,31,33,35,36).

Today, for reasons probably related to the widespread use of
rapid automated laboratory screening systems, the presentation
of the disorder has changed to a much blander and often much
more subtle picture (37–42). One rarely encounters the full-
blown clinical syndrome and most often the patient is either
asymptomatic or has an easy fatigability, a sense of weakness,
and intellectual weariness that, according to some, has a specific
psychometric pattern (36,42,43). Occasionally, the patient may
complain of lower back pain and on imaging the patients may
be shown to have a mild to moderate osteopenia. The occur-
rence of renal stones formerly set at over 50%of the patients has
now been reduced to less than 10% (38) and florid bone lesions
(especially brown tumors) are rarely, if ever, seen (28,37,39–
41). Considering the fact that the disorder is considerably more
frequent in women and increased in incidence with advanced
age, the confusion with osteoporosis is common (42).
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The principal role of the spine surgeon in the management
of patients with hyperparathyroidism is that of a “case-finder”.
If one has a high index of suspicion for patients with back or
other bone pain coupled with a compression fracture or even
just osteopenia on routine radiographs of the spine, one should
obtain serum studies, which will suggest the diagnosis. The
nature and extent of the disease can be easily assessed by appro-
priate immunoassays for PTH and other studies (21,29,
33,42,44). Once the diagnosis is made the patient should be
treated by people skilled in the management of metabolic bone
disease and surgeons with experience in removing the parathy-
roid glands.

There are several genetic syndromes of which hyperpar-
athyroidism is an essential part. These include multiple endo-
crine neoplasia type I (Wermer syndrome; consisting of
parathyroid, pituitary, and pancreatic tumors) and type II
(Sippel syndrome; consisting of thyroid carcinoma, pheochro-
mocytomas, and hyperparathyroidism). It is unlikely that the
physician will encounter these rare disorders as a primary pre-
sentation of spinal pain (23,45).

5. MALIGNANCIES

In any discussion of bone lesions to the spine, one must
include metastatic lesions from lung, renal, and breast prima-
ries, as well as lesions stemming from primaries of the gas-
trointestinal and hematopoietic system.

5.1. PROSTATE CANCER
Early detection of prostate cancer is paramount for success-

ful treatment of prostate cancer in the earliest, most treatable
stages. The prostate-specific antigen (PSA) can be followed
with a screening test that measures the amount of PSA. PSA is
produced by the prostate and circulating levels in the serum
increase with age. Higher than normal PSA levels are indica-
tive of cancer in the gland (46). However, high PSA levels can
also be found in other conditions that are noncancerous, includ-
ing prostatitis and benign prostatic hyperplasia (46,47). There-
fore, the use of PSA assay for prostate cancer detection is not
without problems.

Other PSA derivatives have been studied to decrease false-
positive results of PSA testing in men with PSA levels in the
diagnostic “…gray zone…” (46). The free-to-total PSA ratio
(F/T PSA) has been investigated in many clinical trials (46). It
has been demonstrated that men with prostate cancer have a
lower percentage of free PSA than men without cancer because
a higher percentage of PSA is bound to various serum proteins.
Optimized prostate cancer detection “…has been suggested
with use of the F/T PSA; particularly in men with total PSA in
the 4 to 10 ng/mL range” (47). This is believed to reduce the
number of unnecessary prostate biopsies. Furthermore, a decreas-
ing F/T PSA (i.e., a negative F/T PSA slope) may itself serve as
a marker for early prostate cancer detection (47).

5.2. COLORECTAL CANCER
Markers for colorectal cancer (CRC) include tumor-associ-

ated antigens (TAAs) such as carcinoembryonic antigen (CEA).
CEA has also been described as a marker for a variety of extra-
intestinal tumors such as lung, breast, ovarian, and bladder
cancers (50). However, CEA has poor sensitivity and specific-

ity as a serological screening tool for early CRC detection par-
ticularly in early stage I of CRC (48,49).

Another CRC tumor marker, which has been demonstrated
to be useful as a screening tool for CRC, includes tumor-asso-
ciated glycoprotein (TAG)-72 (51). This marker is a high-
molecular-weight mucin-like glycoprotein and is expressed in
a variety of tumors. However, it also suffers from low sensitiv-
ity and specificity for CRC (51).

Enzymes have been studied as a serum marker for CRC.
These include ornithine decarboxylase (ODC), matrix metal-
loproteinase (MMP)-7, and urokinase-type plasminogen acti-
vator (48). These enzymes are elevated in increased cellular
proliferation and ODC in particular has been implicated to play
an important role in the malignant transformation of skin, stom-
ach, and colon (52,53). Similarly, MMP-7, at least theoreti-
cally, is integral to the degradation and remodeling of the
extracellular matrix during the process of tumor invasion and
metastasis (54–58). However, its role as a screening tool for
CRC is currently under investigation (51).

Yet another approach to development of new screening and
diagnostic tools in CRC is the analysis of genomic abnormali-
ties in cases of CRC. Chromosomal material is commonly lost
in sporadic CRC (59). Often these regions are located on chro-
mosomes 5, 8, 17, and 18 (51). Their loss is believed to result
in deletion of tumor suppressor genes. As such, 20 to 50% of
sporadic CRCs and in 30% of adenomas the 5q chromosome is
lost (58). This is consistent with the fact that the adenomatous
polyposis coli (APC) gene is located on chromosome 5q21 (51).
Its loss has been implicated in CRC carcinogenesis (51). How-
ever, its role as a prognostic marker in CRC is unclear. Other
genetic markers are currently under investigation (59).

Although screening for sporadic CRC has been limited, more
formalized screening is recommended for the hereditary CRC
syndromes (51). Both familial adenomatous polyposis syn-
drome and hereditary non-polyposis CRC syndrome develop
on the basis of germ line mutations (51). Hence, patients develop
CRC early in their lives. Genetic testing is paramount for screen-
ing first-degree relatives of affected patients (51).

In sporadic CRC, genetic testing is limited. However, this
may change, as shown by Ahlquist et al. (60). Human mucosal
cell DNA was isolated from frozen stool samples and screened
for point mutations at any of 15 sites on K-ras, p53, and APC;
Bat-26, a microsatellite instability marker; and highly
amplifiable DNA (51). These assays were highly sensitive (91%
in cancer and 82% for adenomas >1 cm diameter) (61).

The use of CEA as a prognostic tool in CRC has been widely
studied. Preoperative CEA elevation appears to correlate with
a poorer prognosis and increased tumor recurrence rate follow-
ing curative CRC resection (49). In fact, 5-yr survival rates are
much higher (93%) if pre- and postoperative CEA levels are
normal (51). This compared to a 67% 5-yr survival when CEA
was elevated both pre- and postoperatively (51,60,61). In addi-
tion, failure of CEA to return to normal levels postoperatively
following a curative resection for CRC, is a poor prognostic
factor (51).

Serial measurement of CEA levels may be used as a test
following a curative CRC resection to detect tumor recurrence
(51). The nature of CEA testing makes this especially attrac-



86 LEWANDROWSKI, MCLAIN, AND MANKIN

tive. Specifically, “… it has a low cost in relation to other
methods of detecting recurrence (e.g., CT [computed tomogra-
phy] of the abdomen and pelvis, magnetic resonance imaging,
colonoscopy)…” (51). About three-fourths of patients with
recurrent CRC have an elevated serum CEA level before devel-
oping symptoms (61). “The use of CEA in this manner has,
however, been controversial, even though early non-random-
ized studies suggested that surgery prompted by this method
resulted in more potentially curative reoperations for recur-
rence,” (51). More recent studies have failed to show a survival
advantage (61).

5.3. GYNECOLOGICAL AND BREAST CANCER
Several serum tumor markers have been identified for diag-

nosis and follow-up for patients with gynecological malignancy
or breast cancer. In epithelial ovarian cancer, CA125 has been
identified as the most sensitive marker (61). However, CA125
detection in the serum of patients with minimal malignant
tumor has not been possible (63). In addition, many nonmalig-
nant conditions including endometriosis, menstruation, and
massive ascites may elevate the CA125, and approx 50% of
patients with clear cell adenocarcinoma do not show CA125
elevated above 100 U/mL (64). The use of multiple tumor
markers together with imaging studies is recommended to
improve sensitivity and specificity in the diagnosis of ovarian
cancer (62).

The role of tumor markers, such as CA 15-3, tissue polypep-
tide-specific antigen (TPS) and CEA in diagnosis and evalua-
tion of recurrent breast cancer is poorly understood (65). Given
et al. (65) examined the predictive value of these markers in
1448 breast cancer patients. The sensitivity, specificity, posi-
tive predictive value, and negative predictive value of CA 15-3,
TPS, and CEA for visceral, bony, and regional recurrence were
calculated. These studies showed that CA 15-3 was the most
sensitive marker (65). It was elevated in 68% of patients with
visceral and in 69% of patients with bony recurrence. In com-
parison, TPS is 64 and 51%, and CEA is 27 and 46% for visceral
and bony recurrence, respectively (65). “The positive predic-
tive value of CA 15-3 at 47% for visceral and 54% for bony
recurrence was greater than that for TPS (visceral 25%, bony
21%) or CEA (visceral 18%, bony 26%). The sensitivity of CA
15-3 and TPS for regional recurrence was low at 23 and 17%,
respectively” (65). In addition, the authors found that the mean
lead time effect in visceral recurrence for TPS and CA 15-3
were 8 and 10 mo, compared to with lead times of 7.5 and 8.25
mo for TPS and CA 15-3 in patients with bony recurrence. CA
15-3 remains the most sensitive tumor marker in breast cancer
follow-up with a significantly greater positive predictive value
when compared to TPS or CEA (65).

Recently, tissue-based markers, such as steroid receptors
and the c-erbB-2 gene (neu/erbB-2) have been have been impli-
cated in breast cancer prognosis. However, they are not predic-
tive of all recurrences. Bull et al. (64) examined the prognostic
value of p53 alterations in combination with neu/erbB-2 ampli-
fication and found that p53 mutations occurred in 24.5% of the
axillary node-negative breast carcinomas. Elevated risks of
disease recurrence and overall mortality in patients with both
p53 mutation and neu/erbB-2 amplification in their tumor com-

pared with patients with neither or only one of the alterations
(64). Therefore, mutations of the p53 gene may be beneficial to
identify women at higher risk of disease recurrence and death,
when the tumor has neu/erbB-2 amplification present. On the
contrary, the absence of neu/erbB-2 amplification, the pres-
ence of p53 mutation may not provide additional independent
prognostic information (64).

Other potential tumor markers for breast cancer include
vascular endothelial growth factor (VEGF), leptin, and prolac-
tin (66). They have been suggested to have roles in the regula-
tion of angiogenic process. Coskun et al. (66) examined serum
leptin, prolactin and VEGF levels in 30 metastatic, 55 non-
metastatic breast cancer patients, and 25 control subjects.
Whereas serum leptin and prolactin levels were found to be
similar in non-metastatic, metastatic patients, and control sub-
jects, higher serum VEGF levels (249.8 � 154.9 pg/mL) were
found in metastatic patients, when compared with the non-
metastatic patients (138.7 � 59.3 pg/mL) and control subjects
(108.4 � 47.7 pg/mL), (p < 0.05) (66). Moreover, “…patients
with visceral metastasis (337.0 � 168.0 pg/mL) had higher
serum VEGF levels, when compared with patients with bone
metastasis (162.6 � 71.8 pg/mL), (p < 0.05)” (66). These stud-
ies show that serum VEGF appears to have merit in the evalu-
ation of the angiogenic and metastatic activity in breast cancer
patients.

5.4. RENAL CELL CARCINOMA
Renal carcinoma is curable when found in the early stage.

Few prognostic markers are available to identify patients at risk
for the recurrence and metastasis of renal cell carcinoma. Cur-
rent clinical prognostic factors, such as tumor grade, renal vein
involvement, and extension to regional lymph nodes, have lim-
ited value in this respect (67).

Recently, a number of adhesion molecules were investigated
for their potential as prognostic markers for various neoplasms.
It is believed that dysfunction of adhesion molecules, such as
cadherins, play an important role in the progression tumors of
epithelial origin (68). Similarly, loss or abnormal expression of
cadherins in tumors can promote tumor invasion and disease
progression, as demonstrated for E-cadherin expression in the
prostate (69). The role of these adhesion molecules as a marker
for renal cell carcinoma progression is less understood and is
currently under investigation.

One of these adhesion molecules, cadherin-6, is expressed
in kidney and renal cell carcinoma. It may have may have prog-
nostic value in renal cell carcinoma (68). Paul et al. (69) evalu-
ated a total of 216 patients with renal cell carcinoma, who
underwent tumor nephrectomy, by analyzing them for
cadherin-6 expression by immunohistochemistry and
immunoblotting. The expression pattern was correlated with
known prognostic factors of renal cell carcinoma. The authors
found that cadherin-6 expression in renal cell cancer correlated
with known prognostic factors, such as “... pT stage (p � 0.03),
pN stage (p � 0.001), histological growth pattern (p � 0.001),
M stage (p � 0.06), and renal venous involvement (p � 0.019),”
(69). However, the authors did not find a correlation with tumor
grading (p � 0.74) or tumor size (p � 0.84) (69).
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Other markers, CA 125, CD44, and epithelial membrane
antigen (EMA) expression in renal cell carcinoma, have been
investigated to determine their role as prognostic factors (70).
CD44 is a cell adhesion molecule, and CA 125 and EMA are
TAAs used in the diagnosis and monitoring of the outcome and
response to treatment of various human malignancies (70).
Bamias et al. (70) found positive staining for “…CA 125 in 28
patients (30.43%), CD44 in 48 patients (52.17%), and EMA in
74 patients (80.43%)….” In addition, they noted increased CA
125 expression in those with higher T stage and histological
grade (70). However, EMA expression and grade were inversely
related. These markers also appeared to be indicative of increased
risk of recurrence (70). Furthermore, the authors’ analysis
showed that “…CA 125 expression predicted a significantly
higher probability of death (28.6 vs 8% in patients with T1 or
T2 tumors” (70). Hence, CA 125 and EMA appear to be useful
prognostic markers in renal cell carcinoma.

5.5. LUNG CANCER
Traditionally, there has been a limited role of prognostic

tumor markers in lung cancer patients. Recently, however, the
predictive value for response to treatment and prognosis of
pretreatment concentrations of tumor markers has been inves-
tigated for patients with non-small cell lung cancer (NSCLC).
Trape et al. (72) determined pretreatment levels of CEA, can-
cer antigen 125 (CA125), and cytokeratin 19 fragment
(CYFRA21-1) in 48 patients with advanced stage (IIIA–IV)
NSCLC that were treated with platin-based chemotherapy.
They found that the sensitivity for CYFRA21-1, CA125, and
CEA was 66.7, 45.8, and 47.3%, respectively (72). Further-
more, the “…predictive factors for non-response to treatment
were CA125 > 35 KU/L (OR � 5.36; p � 0.017) and presence
of metastasis (OR � 6.92; p � 0.007)…” and the “….prognos-
tic factors for survival were performance status >1 (HR � 4.22;
p � 0.0002)…” (72). The predictive values for the presence of
metastasis was (HR � 3.1; p � 0.0028) and CA125 > 35 KU/
L (HR � 2.33; p � 0.02). The authors concluded that CA125
is “…a predictive factor for response to treatment and a prog-
nostic factor for survival in patients with NSCLC treated with
chemotherapy” (72).

These findings were corroborated by Ando et al. (73), who
also investigated the merit of CEA, CA125, and Cyfra21-1 as
a prognostic factor by analyzing their series of 584 NSCLC
patients. In addition, they tested these patients for squamous
cell carcinoma antigen. They found that there was, in fact, a
significant correlation between the serum levels of these fac-
tors and the clinical stages. The presence of both Cyfra21-1 and
CA125 appeared to correlate with a negative clinical prognosis.
The authors concluded that the simultaneous expression of
Cyfra21-1 and CA125 together implied the worst prognosis (73).

Another NSCLC tumor marker has been recently described.
Turken et al. (74) described the c-erbB2 oncoprotein, which
they found to be highly expressed in approximately one-third
of NSCLC patients (74). In their series of 84 patients, they
investigated c-erbB2 expression and correlated it with disease
stage, histological type, and response to treatment. They found
that c-erbB2 was overexpressed in 35% of the cases (74). In
addition, adenocarcinoma patients with higher stage disease

(stage IIIB–IV) were noted to express the c-erbB2 protein more
often (74). However, this relationship did not remain when
correlating it to response to chemotherapy (74). Nonetheless,
the authors concluded that c-erbB2 overexpression may have a
role as a prognostic marker for NSCLC patients, particularly
for evaluation of tumor progression (74).

When evaluating patients suspected of having lung cancer,
one must consider the presence of paraneoplastic syndromes,
which may, in fact, be the first clinical presentation. One of the
common clinical findings is that of hyponatremia because of
the syndrome of inappropriate secretion of antidiuretic hor-
mone (SIADH). The clinical symptoms of weakness, lethargy,
confusion, coma, and seizures are not owing to the malignancy
itself, but rather are because of the inappropriate ADH produc-
tion. SIADH should be suspected if low serum sodium and low
serum osmolality(<280 mOsm/kg) is coupled with a high urine
osmolality (greater than serum osmolality) and high urine so-
dium (>20 mEq/L). Fifteen percent of patients with present
with hyponatremia owing to SIADH (75). Another possible
cause of hyponatremia in some small cell carcinoma patients is
a tumor produced atrial natriuretic factor causing sodium loss
without ADH elevation (75).

5.6. HEMATOPOETIC MALIGNANCIES
5.6.1. Non-Hodgkin’s Lymphoma
Therapeutic approaches for non-Hodgkin’s lymphoma are

currently based on the International Prognostic Index (76).
Although a number of biological prognostic factors have been
investigated, serum VEGF and IL-6 have been identified as
useful prognostic factors for non-Hodgkin’s lymphoma. Niitsu
et al. (76) found that VEGF and IL-6 levels are independent
prognostic factors in patients with aggressive lymphoma. This
was demonstrated by comparing serum VEGF and IL-6 levels
in normal controls, which were significantly higher in patients
with aggressive lymphoma or adult T-cell leukemia/lymphoma.
Furthermore, the disease-free survival in patients with higher
levels of VEGF or IL-6 were significantly shorter than in patients
with low levels. The authors concluded that VEGF or IL-6 both
were independent prognostic factors for overall survival of
aggressive lymphoma (76).

5.6.2. Multiple Myeloma
As has been known for many years, there is a class of disor-

ders known as the monoclonal gammopathies, which includes
multiple disorders of varying extent and malignancy. The dis-
eases are associated with abnormalities of the plasma cell,
which either under the stimulus of some other condition (such
as Gaucher disease, hypothyroidism, lupoid hepatitis, and oth-
ers) will develop a clonal abnormality with the slow production
of abnormal cells that produces an immunoglobulin product
that migrates with these proteins on serum protein or immuno-
electrophoretic studies (77–79). In addition to the monoclonal
gammopathies associated with specific disorders, another rare
one, Waldenstrom’s macroglobulinemia, of unknown cause,
may have as a feature osteopenia particularly of the spine and
may result in fractures (79). But of all of these, the most frequently
encountered and the most pernicious is multiple myeloma, which
is believed by many to be a primary malignancy of bone and far
exceeds in frequency of occurrence all other primary neoplasms
including osteosarcoma (77–80).
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Myeloma is a malignant disorder in which a single clone of
plasma cells undergoes neoplastic conversion to “myeloma
cells” characterized by unchecked growth. From a primary
single or multiple separate sites spreads to involve virtually the
entire bone marrow, producing a specific symptom complex
and almost always leading inexorably to the patient’s demise
(77–80). Although myeloma is considered to be a small round
cell type of tumor and, hence, may be localized to one area and
present as a fairly discrete permeative lesion, it may also be
generalized in its bone marrow distribution and offer imaging
features resembling the osteopenic states previously described.

Clinically, patients with generalized multiple myeloma are
in their mid-50s or older and generally complain of fatigue,
malaise, and illness. They may be intermittently febrile and
describe night sweats. The patient may complain of weight loss
and poor appetite and often has poorly localized bone pain in
the back, shoulders, or lower extremities (77,81). A pathologi-
cal fracture of the spine or the femur may be the herald event.
Examination shows the patient to appear pale, chronically ill,
and in many cases complain of diffuse bone tenderness, par-
ticularly over the sternum and pelvis (81). The bone scan,
although likely to be active at the site of a fracture, in 25% of
the patients shows no increase even at the site of discrete
lesions. A radiographic skeletal survey is recommended to
search for foci of myeloma (77,82). Special imaging studies
may disclose more extensive disease than can be appreciated in
plain radiographs. A magnetic resonance imaging (MRI) of the
spine is especially useful because it is likely to show evidence
of patchy areas of altered pattern consistent with marrow ele-
ment disease.

The laboratory findings in patients with myeloma can be
quite extraordinary and may be very useful in arriving at a
diagnosis. Most patients with diffuse disease of a sufficient
degree that they present with osteopenia, will have a fairly
profound normocytic, normochromic anemia often with a hema-
tocrit less than 30. The sedimentation rate is usually more than
100 and these two tests (hematocrit and sedimentation test) are
often very helpful as a screen for the disease (see Subheading
6.). Many other laboratory abnormalities may exist. Platelet
deficiency, high uric acid (secondary gout), abnormal renal
function, increased hydroxyproline peptides in the urine, and
an abnormal serum protein electrophoresis or serum immuno-
electrophoresis will provide almost certain evidence for the
disease (83–85). The finding of an abnormal peak migrating
with the IgA or IgG fraction is virtually diagnostic of myeloma
and if the bone marrow shows more than 20% plasma cells (up
to 8% is normal, between 10 and 20% is a presumptive diagno-
sis) there is no need to biopsy the bone lesion(s) for a diagnosis
(88–88). In addition, Bence Jones proteinuria, once a valuable
diagnostic test, has been recognized as occurring less than 50%
of the time. A urinary protein immunoelectrophoresis may have
a significantly higher yield (89).

It should be noted that myeloma is believed to stimulate
osteoclastic activity possibly on the basis of lymphotoxin,
IL-1, IL-6, and PTHrP activity. In addition to the anti-cancer
medications there are now very favorable reports on the use of
the bisphosphonates, especially calendronate and more recently
risidronate (89).

6. SCREENING STUDIES

Patients presenting with nonspecific complaints of lower
back pain and who demonstrate a diffuse osteopenia on stan-
dard radiographs, particularly affecting the spine and perhaps
resulting in a compression fracture, present a puzzle to the
physician to whom they turn for help. The problem that faces
clinicians is how to screen for the presence or absence of hyper-
parathyroidism, metastatic lesions, or even myeloma? Some
imaging studies are useful but are relatively nonspecific. The
laboratory studies are of greater help, but the clinician needs to
seek out tests that specifically relate to the diagnosis of the
entities previously described. Differentiation is sometimes
subtle and difficult but with the help of the studies outlined next
the diagnosis often can be confirmed.

The neoplastic screening studies include:

1. History and physical examination.
2. Radiographs of the spine and pelvis (and hands and lateral

skull if indicated).
3. Posteroanterior and right lateral radiograph of the chest.
4. Abdominal ultrasound or CT.
5. Chest CT.
6. Bone scan.
7. The basic laboratory screening series (a total of 13 tests).

a. Complete blood count (lowered with chronic disease,
marrow replacement, with chemotherapy and radia-
tion).

b. Erythrocyte sedimentation rate (elevated with most
neoplasms, infection.

c. Blood urea nitrogen and creatinine (elevated with renal
disease).

d. Glucose (endocrine abnormalities, paraneoplastic syn-
drome).

e. Calcium (bone resorption).
f. Phosphorus (bone resorption).
g. Alkaline phosphatase (rest, bone resorption).
h. SGOT (liver disease).
i. TSH and T4 (thyroid disease).
j. Serum immunoelectrophoresis (multiple myeloma,

gammopathies).
k. Urinanalysis (renal cell tumors, elevated cast, and

blood).

If a patient with neoplastic bone diseases has enough
osteopenia to be visible on routine radiographs of the spine
(with or without some compression fractures) or pelvis, labo-
ratory tests and prognostic markers may be used to distinguish
the various disorders in the following manner:

6.1. HYPERPARATHYROIDISM
The calcium will be elevated, the phosphorus diminished,

the alkaline phosphatase elevated, and the bone scan and radio-
graphs of the hands and skull may show the presence of specific
types of lesions (see Section 4). The second order tests for this
group should include 24-h urinary calcium, PTH, uric acid,
pyridinoline crosslinks of type I collagen, and plasma tartrate
resistant acid phosphatase, the last two tests are designed to
assess the rate of bone destruction. In addition, radiological
consultation can best demonstrate an enlarged parathyroid
gland by magnetic resonance and immune system imaging.
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6.2. OSTEOMALACIA (OF ALL TYPES)
The calcium is likely to be low or low-normal and with the

exception of renal osteodystrophy, the phosphorus is low or
very low depending on the type of osteomalacia that is present.
In renal osteodystrophy, the blood urea nitrogen and creatinine
should reveal the nature of the process, but the phosphorus is
almost invariably high and the calcium quite low. The alkaline
phosphatase is usually elevated in both osteomalacia and
chronic renal disease. The second order screens for this group
of disorders include electrolytes, PTH, 25 hydroxy- and 1,25
dihydroxy vitamin D, serum osteocalcin, and urinary
pyridinoline crosslinks. A 24-h urinary calcium is very helpful,
as is on occasion analysis of the urine for sugar, amino acids,
and determination of the tubular reabsorption for phosphate. A
bone biopsy is often confirmatory particularly for the presence
of wide osteoid seams.

6.3. OSTEOPOROSIS
This area is the most difficult because all the tests will gen-

erally be normal. The exceptions to this are the thyroid function
tests (the only “curable” form of osteoporosis) and the sugar
(some patients with diabetes may have a significant osteoporo-
sis). The bone scan is almost uniformly inactive except in the
presence of a fracture. Secondary screens for osteoporosis
include bone specific alkaline phosphatase, serum osteocalcin,
and serum type I collagen extension peptides (all of which
measure synthesis), and urinary pyridinoline crosslinks and
tartrate resistant acid phosphatase, which measure bone destruc-
tion. To map and trace the degree of the various disease forms,
electronic measurement, such as quantitative digital radiogra-
phy of the spine and hips, as well as studies of the same areas
using dual photon absorptiometry should be performed. A bone
biopsy is often helpful in assessing the extent of the disease.

6.4. PROSTATE CANCER
The total PSA will be elevated. The F/T PSA should be

determined for optimized prostate cancer detection. The F/T
PSA ratio is particularly useful in men with total PSA in the
4 to 10 ng/mL range.

6.5. COLORECTAL CANCER
Useful surveillance markers for colorectal cancer include

TAAs, such as CEA, and TAG-72 (51). This marker is a high
molecular weight mucin-like glycoprotein and is expressed in
a variety of tumors. However, these markers suffer from low
sensitivity and specificity for CRC (51). Nevertheless, serial
measurement of CEA levels are recommended as a test follow-
ing a curative CRC resection to detect tumor recurrence (51).

Enzymes including ODC, MMP-7, and urokinase-type
plasminogen activator are indicative of cell proliferation and
appear to indicate malignant transformation of CRC (52,53).
Some of these tests are still investigational.

6.6. GYNECOLOGICAL AND BREAST CANCER
In epithelial ovarian cancer, CA125 has been identified as

the most sensitive marker (61). The use of CA125 is recom-
mended in conjunction with imaging studies.

In breast cancer, many markers, including CEA and CA15-3,
are used and they are reported to be useful as markers for moni-
toring. Other TAAs include CA 19.9, CA 15.3, TAG.72, and
TPS, these are also present in breast malignancies (66).

In the laboratory, tissue-based markers, such as steroid
receptors and the neu/erbB-2, have been implicated in breast
cancer prognosis. However, they are not predictive of all recur-
rences. The prognostic value of p53 alterations in combination
with neu/erbB-2 amplification was recently recognized in
breast cancer patients (64).

Other potential tumor markers for breast cancer include
VEGF, leptin, and prolactin (66).

6.7. RENAL CELL CARCINOMA
Few prognostic markers are available to identify patients at

risk for recurrence and metastasis of renal cell carcinoma.
Current clinical prognostic factors (i.e., tumor grade, renal vein
involvement, and extension to regional lymph nodes) have lim-
ited value in this respect (67). Adhesion molecules, such as
cadherins, were investigated for their potential as prognostic
markers for renal cell carcinoma. Cadherin-6 expression pat-
tern appear to correlate with known prognostic factors of renal
cell carcinoma, such as pT stage, pN stage, histological growth
pattern, M stage, and renal venous involvement (69).

Other markers include CA 125, CD44, and EMA. Increased
CA 125 expression was shown to correlate with higher T stage
and histological grade (70).

6.8. LUNG CANCER
Traditionally, there has been a limited role of prognostic

tumor markers in lung cancer patients. Recently, CEA, cancer
antigen 125 (CA125), and cytokeratin 19 fragment (CYFRA21-1)
have been evaluated. CA125 is considered a predictive factor
for response to treatment and a prognostic factor for survival
for NSCLC patient (72).

Expression of the c-erbB2 oncoprotein has also been shown
and correlated with disease stage, histological type, and response
to treatment, and is believed to have a role as a prognostic marker
for NSCLC patients (74).

In cases of hyponatremia, SIADH owing to the inappropri-
ate ADH production should be suspected if low serum sodium
and low serum osmolality (<280 mOsm/kg) coupled with a
high urine osmolality (greater than serum osmolality) and high
urine sodium (>20 mEq/L) is present. SIADH is common in
patients with pulmonary carcinoma. ADH or atrial natriuretic
factor could be elevated (75).

6.9. MYELOMA
The complete blood count will almost always show a nor-

mocytic normochromic anemia and the erythrocyte sedimenta-
tion rate is likely to be in triple digits (>100/h). The serum
immunoelectrophoresis will in approx 90% of the cases display
an abnormal protein migrating with the IgG or IgA fraction.
Serum calcium determinations may show an elevation. Second
order confirmatory studies may include urinary immunoelec-
trophoresis, a skeletal survey, and a bone marrow biopsy search-
ing for a high concentration of plasma cells (>15–20%).

7. CONCLUSIONS

The end result of a failure of calcium and phosphorus homeo-
static mechanisms, whether because of neoplastic or metabolic
bone disease, is quite frequently a disaster, which in many cases
requires ingenuity and talent to reconstruct if it affects the
spine. It is the author’s hope that use of the prognostic mark-
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ers detailed in this chapter may aid the spine surgeon in better
determining appropriate surgical treatments for these patients
by more accurately assessing tumor stage, response to treatment,
and evaluation of tumor recurrence.
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1. INTRODUCTION

In the past, patients rarely questioned the therapeutic deci-
sions made by their physicians. Physicians, in turn, were guided
by the principle of “doing onto others as you would have done
onto you” and were largely limited by their clinical experi-
ences. Today, evidence-based medicine dictates most treatment
decisions, and the role of the physician in educating patients
about available therapeutic options is becoming increasingly
critical. The patient’s autonomy has taken a more significant
role in the ultimate treatment chosen.

The first, and probably the most important, decision that
should be made at the initiation of cancer treatment is the iden-
tification of treatment goals. Discussing the prognosis and the
goals of treatment with the patient and the family always facili-
tates future treatment decisions. It is very important, however,
to understand the patient’s values, concerns, and fears and to
ensure that the goals of treatment make sense to the patient.

Traditionally, therapies with the intent to cure have been
distinguished from those with palliative intent. In oncology,
one almost always uses the word cure in its statistical sense
based on the analysis of survival curves. Technically, cure is
accomplished on the survival curve for a group of patients
compared to a population of age- and sex-matched controls.
However, in many cancer patients, statistical cure is unlikely
and treatment is palliative in nature and directed at the prolon-
gation of life. It is appropriate with these patients to think of
cancer as a disease of chronic nature in which the duration and
the quality of survival become of paramount importance. In
treatments with curative intent, one might accept a higher
degree of toxicity than would be acceptable for treatments of

palliative intent. This might affect decisions regarding dose
reduction, treatment delays, or even treatment discontinuation
if quality of life is not maintained.

2. CANCER BIOLOGY

Since the 1970s, the biology and pathogenesis of cancer
have begun to be elucidated. Investigators have identified many
of the molecular mechanisms that lead to the development and
spread of malignancies. There are two common features in the
pathogenesis of all cancers: the loss of regulation of growth
and the ability to locally invade tissues and metastasize. The
molecular differences between normal cells and tumor cells
are, thus, central to our understanding of how cancer starts and
to devising optimal strategies to eliminate it. A common mis-
conception is that cancer cells replicate faster than normal cells.
Rather, the growth of malignant tumors appears to result from
two factors: (1) lack of appropriate control responses to the
signals that normally interrupt the cell cycle and (2) failure of
cellular death programming and the response to appropriate
stimuli or stresses (apoptosis). The transformation from a nor-
mal cell to a tumor cell is now considered to be dependent on
mutations in gene products that are important for integrating
extracellular and intracellular signals to the cell cycle and cell
death machinery and on those gene products involved in di-
rectly controlling cell cycle progression. Loss of either type of
function will lead to loss of regulatory cell growth signals. The
discovery of oncogenes in the 1970s and their overexpression
or increased activity in tumor cells led to the suggestion that the
abnormality in tumor cells was the presence of too much signal
that pushed the cell through the cell cycle. The discovery of
tumor suppressive genes in the 1980s added to this model by
suggesting that the growth abnormality of tumor cells resulted
from a combination of too few cell cycle brakes, (tumor sup-
pressors) and too many cell cycle accelerators (oncogenes).
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2.1. ONCOGENES IN HUMAN CANCER
Oncogenes are generally thought of as gene products that

enhance cell cycle progression. Oncogenes can result from
point mutation, overexpression, or translocation. Examples of
point mutation oncogenes include the RAS family of oncogenes
including: H-RAS, K-RAS, and N-RAS. The K-RAS oncogene is
mutated in more than 90% of pancreatic adenocarcinoma tumors
and a significant number of colon cancers (1). The second major
mechanism of increased activity of oncogenes is over expres-
sion, which may occur through a variety of genetic mechanisms
including chromosome translocation, DNA amplification, and
enhanced gene transcription. Some examples include chromo-
some 8, 14 translocation resulting in c-myc oncogene in
Burkitt’s lymphoma, and plasmacytomas (2). DNA amplifica-
tion is an important example of oncogene activation in breast
cancer in which the Her-2/neu oncogene is present in multiple
copies within tumor cells of more aggressive tumors (3). The
third mechanism of oncogene activation is translocation and
fusion. This is the mechanism involved in chronic myelog-
enous leukemia and the Philadelphia chromosome that results
from reciprocal translocation of chromosomes 9q and 22q lead-
ing to the fusion between the ABL gene on chromosome 9 and
the BCR gene on chromosome 22. The resulting protein leads
to uncontrolled tyrosine kinase activity (4). Another interesting
translocation occurs between chromosome 15 and 17 in acute
promyelocytic leukemia. As a result of the translocation, there
is fusion between the PML gene on chromosome 15 and the
retinoic acid receptor (RAR)-α on chromosome 17 (4).

As will be described in Subheadings 4.1.–4.6., many of these
oncogenes have been the targets for new therapeutic agents.

2.2. TUMOR SUPPRESSIVE GENES
In contrast to oncogenes, tumor suppressive genes normally

act to slow the growth of cells. Loss of activity of such genes
through mutation causes deregulation of the cell cycle thus
contributing to tumor formation. The best studied of these
genes are the retinoblastoma gene, p53 tumor suppressive gene,
and the VHL genes (5,6).

3. PRINCIPLES OF CHEMOTHERAPY
The effective use of cancer chemotherapy requires an under-

standing of the principles of tumor biology, cellular kinetics,
pharmacology, and drug resistance. Thanks to this understand-
ing over the last two decades, great successes have been accom-
plished in the treatment of some cancer types. This is
exemplified in the frequently achieved cure in germ cell tumors
and lymphomas.

3.1. THE CELL CYCLE
Proliferation results from a cell passing through the cell

cycle, undergoing mitosis, and giving rise to two daughter cells.
The cell cycle is composed of mitosis and interphase. The latter
is a period between mitoses and is composed of G1, S, and G2

phases (Fig. 1). The S phase represents the period during which
DNA is synthesized resulting in the duplication of the entire
DNA content of a cell. During the S phase, the DNA content of
diploid human cell goes from 2N to 4N. G1 and G2 are the gap
phases during which a cell prepares for S phase and mitosis,
respectively. During G1 and G2, protein and RNA syntheses
occur, but the DNA content remains stable. Mitosis is the phase

in which the nuclear and cytoplasmic material of a cell are split
and divided between two daughter cells. Cells that are not pass-
ing through the cell cycle are in G0 phase. G0 cells are metaboli-
cally active but do not proliferate. Cells may withdraw from the
cell cycle in early G1 and enter G0 or may be stimulated to exit
G0 and enter the cell cycle at G1. The cell cycle is a complex but
ordered process that is carefully regulated during the transition
from one phase of the cycle to another. Generally, one phase of
the cycle cannot begin until the previous phase has been suc-
cessfully completed. Such careful regulation ensures that the
DNA is duplicated correctly and subsequently divided equally
between two daughter cells.

The rate of growth of a tumor is a reflection of the proportion
of actively dividing cells (the growth fraction), the length of the
cell cycle (doubling time), and the rate of cell loss. Variations
in these three factors are responsible for the variable rates of
tumor growth observed among tumors of different histology, as
well as among metastatic tumors, and tumors of the same his-
tology.

Tumors characteristically exhibit a sigmoid-shaped Gom-
pertzian growth curve in which tumor-doubling time varies
with tumor size. Tumors grow most rapidly at small tumor
volumes. As tumors become larger, growth slows based on a
complex process depending on cell loss and tumor blood and
oxygen supply. Understanding the kinetics of cell proliferation
is critical to our understanding of how chemotherapeutic agents
work and to the development of combination chemotherapy
protocols that are most effective. Agents that are effective only
during a particular phase of the cell cycle, such as the S phase
of cellular DNA synthesis, are called phase specific. Agents
whose effect is prolonged and independent of any specific cell
cycle phase are called phase nonspecific. This distinction
between specific and nonspecific agents is relative rather
than absolute. Phase nonspecific agents can also be subdivided
to those agents who are more effective in killing proliferating

Fig. 1. Cell cycle.
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tissue as opposed to non-proliferating tissue (cycle nonspecific)
vs those that show no such specificity (cycle nonspecific) (7,8).

3.2. DRUG RESISTANCE
Multiple mechanisms of chemotherapeutic failure have been

identified using tissue culture and many tumor models. The
mechanisms are frequently interrelated because altered gene
expression underlies most of the cellular and biochemical
mechanisms. Cells may also exhibit reduced degree of sensitiv-
ity to drugs by virtue of their position in the cell cycle. Cells that
are in the G0 phase are generally resistant to all drugs that are
active in the S phase. This phenomenon of kinetic resistance is
usually temporary. However, as cells may be recruited into the
actively divided compartments and if the drug concentration
can be maintained long enough, all cells may eventually pass
through the vulnerable phase of the cycle.

In addition, tumor cells may exhibit pharmacological resis-
tance, in which failure to kill cells is a function of insufficient
drug concentration. This may occur if the tumor cells are present
in body locations where it is difficult to achieve effective drug
concentrations, e.g., the central nervous system. Other factors
include the altered metabolism of drugs, decreased activation
or increased deactivation, or accelerated drug elimination from
the cell.

3.2.1. Multiple Drug Resistance
The multiple drug resistance gene (MDR1) produces a trans-

membrane glycoprotein known as P-glycoprotein (Pgp) (9). In
the presence of intracellular adenosine triphosphate (ATP),
these glycoproteins pump toxic chemicals from the inside of
the cell to the extracellular environment. This pump affects a
variety of antineoplastic agents, most prominently vinca alka-
loids, anthracycline antibiotics, and dactinomycin. The hall-
mark of this mechanism is the simultaneous acquisition of
resistance to all of these agents at the exposure to one member
of the group and the lack of cross-resistance for other drugs
(e.g., an anti-metabolite, alkylating agent, or bleomycin). The
efflux of these agents when caused by Pgp can be inhibited by
a variety of agents including calcium-channel antagonists,
cyclosporin, calmodulin inhibitors, and other agents. Inhibi-
tors of Pgp are under study in combination with chemotherapy
with the aim to reverse drug resistance.

3.2.2. ATYPICAL MULTIPLE DRUG RESISTANCE
Other mechanisms of MDR include changes in drug efflux

unrelated to Pgp, changes in drug uptake, and changes in drug
metabolism (10). Drug resistance may also occur owing to the
over expression of DNA repair genes (e.g., ERCC1); altered
gene expression; and mechanisms related to host drug interac-
tions, such as increased drug inactivation by normal tissues,
and other dose-limiting toxicities related to increased sensitiv-
ity of normal tissues to drug (toxicity).

3.3. COMBINATION CHEMOTHERAPY
Most of the successful programs of cancer chemotherapy

involve the use of a combination of antineoplastic agents, often
according to complex administration schedules. The major
rationale for the use of such combinations is tumor cell drug
resistance, resulting from biochemical or cytokinetic factors.
Most of the successful programs of combination chemotherapy,
however, will develop by empirical trial and error. Combina-

tion chemotherapy regimens, however, share certain features,
which include:

1. Only drugs that are active against the tumor in question as
a single agent are included in the combination.

2. Drugs that are generally noncross resistant.
3. Drugs that have different toxicity profiles allowing for the

administration of full or nearly full doses of each of the
active agents.

4. TARGETED TREATMENT IN CANCER
Although treatments for cancer have evolved significantly

over the past decade, the goals of cancer drug development
remained fairly constant: optimizing antitumor activity and
minimizing side effects. The observation that mustard gases,
used in World Wars I and II, caused lymphopenia and splenic
involutions, and the findings by Osborn and Huennekens, in
1958, that aminopterin specifically inhibited dihydrofolate
reductase, an enzyme essential for DNA and RNA synthesis,
inspired the search for drugs that target key pathways in cell
development. Advances in technology and a better understand-
ing of the genetic factors that control normal cellular feedback
mechanisms, paved the way for the development of targeted
treatments with fewer side effects than traditional chemo-
therapy, good outcomes, and options for outpatient and oral
administration.

4.1. ALL-TRANS-RETINOIC ACID
Acute promyelocytic leukemia (APL) accounts for approx

10% of acute myeloblastic leukemias in adults and is associ-
ated with a high mortality rate as a consequence of frequent
intracranial hemorrhages (11,12). In the mid-1970s, Rowley et
al. (12) linked the occurrence of APL to a balanced and recip-
rocal translocation between the long arms of chromosomes 15
and 17. In 1987, the RAR-α was mapped to chromosome 17q21,
(13) and the breakpoints on chromosome 15 clustered in the
region of a promyelocytic leukemia (PML) gene, a growth
suppressor gene (12,14). RAR-α is a DNA binding transcrip-
tion factor that regulates myeloid differentiation (15). There-
fore, the abnormal PML-RAR-α hybrid disrupts the normal
function of both these genes and could explain the blast prolif-
eration and the differentiation block at the promyelocytic stage
in APL (15).

All-trans-retinoic acid (ATRA) is present usually in the
plasma at low concentrations, mostly protein bound, and derived
by the intracellular oxidation of retinal (vitamin A), which is
absorbed from the gastrointestinal tract (12). ATRA has the
ability to bind RAR-α and cause the degradation of the abnor-
mal PML-RAR-α receptor resulting in clinical remissions (15).
Tallman et al. (16) demonstrated improved disease-free and
overall survival with ATRA whether as induction or mainte-
nance therapy, compared to chemotherapy alone in patients
with newly diagnosed APL. Compared with most anticancer
treatments, ATRA is generally well tolerated with few serious
side effects (12). These include the potential for the fatal retinoic
acid syndrome, which is characterized by fever, respiratory
distress, radiographic pulmonary infiltrates, pleural effusion,
weight gain, and leukocytosis. The progression of retinoic acid
syndrome can be controlled by early steroid administration. (12).
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Chronic myeloid leukemia (CML) is characterized by the
massive clonal expansion of myeloid cells (17) and occurs in
three distinct phases: the chronic phase, the accelerated phase,
and the blastic phase, in which leukemic cells lose the ability to
differentiate. CML is characterized by the presence of the Phila-
delphia chromosome (18), which was discovered in the 1960s
and results from a reciprocal translocation between the long
arms of chromosomes 9 and 22 (17). Chromosome 22 carries
the BCR gene, whereas chromosome 9 carries the ABL gene,
and encodes for a tightly regulated tyrosine kinase, involved in
signal transduction and regulation of cell growth (19). The BCR-
ABL fusion is translated into a chimeric protein called p210. In
CML patients, p210 deregulates tyrosine kinase signaling down-
stream pathways that mediate the proliferation and transforma-
tion of CML hematopoietic progenitor cells (Fig. 2 [12]).

Until recently, interferon-α, either alone or in combination
with cytarabine, was considered the treatment of choice for
CML (19). Stem cell transplantation has also become an effec-
tive treatment for a substantial proportion of CML patients,
however, it is associated with significant morbidity and mortal-
ity (19). Furthermore, blast crisis is highly refractory to treat-
ment with either chemotherapy or stem cell transplantation (18).

Research targeting deregulated tyrosine kinase led to the
discovery of STI-571, a potent and selective inhibitor of tyrosine
kinase activity. STI-571 functions by competitively inhibiting
the ATP-binding site of the tyrosine kinase enzyme, leading to
the inhibition of tyrosine phosphorylation of proteins involved

in BCR-ABL signal transduction (Fig. 3 [17]). Therefore STI-
571 causes growth arrest and apoptosis in hematopoietic cells
expressing the BCR-ABL gene without affecting normal cells
(17). STI-571 has several advantages over interferon-α. It is an
oral medication with faster and more frequent hematologic and
cytogenetic responses (19). STI-571 has also demonstrated
promising results in gastrointestinal stromal tumors (GIST),
which are known to be notoriously resistant to most chemo-
therapeutic agents. The efficacy of STI-571 in GIST may be
explained by the inhibition of the activity of a mutated tyrosine
kinase, the c-kit tyrosine kinase, which is highly expressed in
GIST tumors (20).

The most frequent side effects of STI-571 were nausea,
edema, myalgia, and diarrhea (17). Myelosuppression occurred
in up to 25% of patients in one study (17) and was managed by
temporary drug interruption or dose reduction (17). The reason
for myelosuppression is thought to be related either to the inhi-
bition of the c-kit gene in normal cells or the compromised nor-
mal hematopoietic cells in leukemia patients (17).

4.2. MONOCLONAL ANTIBODIES
Monoclonal antibodies (MAbs), “the magic bullets” for

treating cancer have changed from being a fiction topic in the
1950s to real therapeutic options. In 1975, Kohler and Milstein
(21) showed the possibility of producing MAbs capable of bind-
ing specific tumor antigens. Initially, they used hybridomas,
which result from the fusion of murine splenic cells with a
human myeloma cell line. Although, hybridomas were capable

Fig. 2. Proposed mechanism of action of STI-571.

Fig. 3. Proposed function of BCR-ABL.
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of producing large quantities of MAbs depending on the anti-
genic challenge, it was only after two decades of experiments
that MAbs succeeded as anticancer agents. The first antibodies
used in humans included murine, or rat proteins, and led to the
development of human antimouse antibodies and human antirat
antibodies (22). Newer generation of MAbs include chimeric
antibodies (formed of antibodies from two different species),
or humanized antibodies (formed of human antibody contain-
ing the complementarity-determining region from a nonhuman
source) (22). Primatized antibodies are formed of a primate
variable region and a human constant region (22).

Antibodies maybe conjugated or unconjugated. Conjugated
antibodies are generally linked to either a cytotoxic or a radio-
active agent (23). Conjugated antibodies must be internalized
into the cells after antigen binding in order for the cytotoxic or
radioactive agent to exert its effect. They are also more likely
to cause allergic or hypersensitivity reactions. Unconjugated
antibodies, on the other hand, remain on the cell surface and
rely on the immune system to exert their effect (23). The char-
acteristics of a desirable MAb and an ideal antigen are summa-
rized in the Tables 1 and 2.

The antibody-induced effects can be summarized in Table 3.
4.3. ANTI-CD33
In the United States, it is estimated that the annual incidence

of acute myelogenous leukemia (AML) is around 2.4 per
100,000 individuals and this figure increases with age (24).

In the hematopoiesis pathway, a pluripotent stem cell gives
rise to a committed precursor cell, which, in turn, is responsible
for the production of erythrocytes, platelets, monocytes, and
granulocytes. Both, the stem cells and the precursor cells
express CD34 antigen. In contrast the CD33 antigen is only
present on myeloid precursors and not on the hematopoietic
stem cells (25). The CD33 is also present on the blast cells in
at least 90% of patients with AML (26), making it an attractive
target for selective therapy that could potentially ablate the
myeloid leukemic cells and spare the hematopoietic stem cells.

Gemtuzumab ozogamicin is an anti CD33 antibody, attached
to calicheamycin, an antitumor antibiotic. Gemtuzumab
ozogamicin was developed to target the CD33 antigen. When
attaching to the receptor, it results in the formation of a com-
plex that is internalized first, then releases the colicheamycin
into the cell resulting in cell death (27). This agent has been
approved by the Food and Drug Administration (FDA) for the
treatment of relapsed/refractory AML in patients �60 yr of age
and has shown benefit in treating recurrent AML and as such
may benefit many patients. However, it is not clear whether it
can cure patients with AML if used as a single agent (26).
Several trials are ongoing using gemtuzumab ozogamicin in
combination with other chemotherapeutic agents in different
stages of disease. Major side effects include severe
myelosuppression, with median duration for absolute neutro-
phil count recovery of 40.5 d and platelet recovery of 39 d in
one study (26).

Non-Hodgkin’s lymphoma (NHL) is a relatively common
form of malignancy. Approximately 80% of NHL patients have
B-cell lymphoma, and of these more than 95% of cases express
the CD20 differentiation antigen on their tumor cell surfaces
(22). CD20 is an ideal target antigen; expressed on B-cell NHL
and on normal B cells but not on plasma cells, B-cell precur-
sors, stem cells, or dendritic cells. It is not shed or internalized,
and it does not undergo modification following binding to anti-
body (28–30). The search for an anti-CD20 antigen resulted in
the development of a genetically engineered MAb in 1990 (22).
The FDA approved Rituximab® in 1997, based on five clinical
studies as a single-agent in relapsed or refractory CD20 posi-
tive B-cell low-grade or follicular NHL. Rituximab functions
by mediating antibody-dependent cell-mediated cytotoxicity
(ADCC); it also mediates CDC, inhibits cell growth, sensitizes
chemoresistant cells to toxins and chemotherapy, and induces
apoptosis in a dose-dependent manner (Fig. 4 [22]). Adverse
events were mainly infusion related and occurred mostly with
the first infusion (22). The most common of these were fever,
chills, nausea, fatigue, headache, angioedema, pruritus, and,
infrequently, hypotension and bronchospasm (22). There was
no significant suppression of blood counts and no increased
incidence of infections (22). In patients with high tumor loads,
rituximab caused rapid tumor lysis. Currently, there are en-
couraging results with the combination of Rituximab and stan-
dard chemotherapy with no added toxicity reported. In addition,

Table 1
Characteristics of Desirable Monoclonal Antibodies

• Specified antigen.
• Low immunogenicity.
• Adequate half-life.
• Ability to recruit immune effector functions or conjugation

to toxin or radionucleide.
• Lend themselves to commercial production.

Table 2
Characteristics of an Ideal Antigen

• Expressed only or nearly all tumor cells.
• Not present on critical host cell.
• High copy numbers on cell membranes.
• No mutation or variation.
• Required for cell survival or critical function.
• Not shed or secreted.
• Not modulated after antibody binding.

Table 3
Antibody-Induced Effects

• Direct anti-tumor effects.
– Induces apoptosis.
– Inhibits ligand receptor interaction.
– Enhances the cytotoxic effect of a second agent.
– Aids the delivery of toxic payloads.
– Inhibits the expression of some proteins essential for

neoplastic cell survival and growth.
• Induction of anti-idiotype network.
• Complement dependent cytotoxicity.
• Antibody-dependent cell-mediated cytotoxicity.
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good responses have been reported in patients treated with anti-
CD20 combined with radioactive substrates (31).

4.4. RITUXIMAB ANTI-CD20 (FIG.4)
Chronic lymphocytic leukemia (CLL) is the most common

form of adult leukemia in the Western world, with an estimated
annual incidence of 8100 to 12,000 cases. CD52 is an antigen
expressed in abundance on most normal lymphocytes both the
B- and T-cell lineage as well as on malignant lymphocytes, and
monocytes (22), but spares hematopoietic stem cells (Fig. 5).
The function of this CD52 is not yet known. Campath-1H, a
humanized MAb, was approved by the FDA on May 7, 2001 for
the treatment of patients with B-cell CLL who have been treated
with alkylating agents and failed fludarabine therapy. It elicits
cell death by ADCC after binding to the CD52 receptor on
cell membranes. Campath-1H was able to elicit major tumor
responses even in the presence of bulky disease, however, it is
likely that this MAb will be more used in the context of minimal
residual disease following regular chemotherapy or as adjuvant
to high dose therapy protocols (32). The most common side
effects encountered are infusion related, and are markedly
reduced after the first dose (22). However the hematologic
side effect is quite significant with prolonged lymphopenia and
secondary increase risk of opportunistic infections in pretreated
people (32). These infections can be prevented in part by the
prophylactic use of antibacterial and antifungal medications (22).

4.5. CAMPATH 1-H (ANTI-CD 52) (FIG. 5)
Many solid tumors express a type of receptors on their cell

membranes, collectively called epidermal growth factor recep-
tors (EGFRs). These are a family of structurally related tyrosine
kinase receptors (TKRs). The TKRs integrate a multitude of
external stimuli with specific internal signals and responses;
the signal transduction ultimately allows the cell to respond
correctly to its environment. The TKRs have an extracellular
domain for binding ligands, a transmembrane domain, and an
intracellular component containing the catalytic tyrosine kinase
domain, which is responsible for the generation and regulation
of intracellular signaling. It has been suggested and supported
by experimental data, that aberrant activation of the kinase
activity of these receptors plays a primary role in development
and/or progression of human cancer (33). The expression of
EGFR in various solid tumors is outlined in Table 4.

One of the members of these EGFR is the HER2 or erbB-2
and is overexpressed in 25 to 30% of patients with breast cancer
(34). Patients with breast cancer that carry this overexpressed
receptor were found to have a more aggressive disease, signifi-
cantly shortened disease-free survival, and shortened overall
survival (34).

4.6. HERCEPTIN, ANTI-HER2 (FIG. 6)
Herceptin is a recombinant DNA-derived humanized MAb

that was approved by the FDA on September 25, 1998 for treat-
ing metastatic breast cancer. There are two proposed mecha-
nisms of action (Fig. 6). Herceptin either binds to the erbB2/
HER2 receptor and leads to its removal from the cell surface,
or causes downregulation of the receptor by internalization into
the cell (35). In phase 1 trials, the antibody was reported to be
safe and to be confined to the tumor cells (34). The efficacy of
this MAb was demonstrated in HER2-positive breast cancer
patients when used alone or in combination with standard
therapy (34). The most worrisome side effect is cardiac dys-
function, especially in patients pretreated with anthracyclines.

The EGFR is also known as erb-B1. EGFR is stimulated by
several ligands, but mostly by EGF and transforming growth
factor (TGF)-α (36). EGFR overexpression has been impli-
cated in the development of several solid tumors (36). Activa-
tion of the EGFR by its ligands induces a signaling cascade

Fig. 4. Proposed mechanism of action of Rituximab®.

Fig. 5. Proposed mechanism of action of Campath-1H.

Table 4
Percentage Range of EGFR Expression in Solid Tumorsa

Tumor Type Percentage

Bladder 90%
Cervical/uterus 90%
Head and neck 80–100%
Prostate 65%
Renal cell 50–90%
Esophageal 43–89%
Lung 40–80%
Ovarian 35–70%
Pancreatic 30–50%
Colorectal 25–77%
Breast 14–91%

aSource: American Cancer Society, 2000.
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reaction carried by the inherent tyrosine kinase moiety of the
receptor leading to DNA synthesis, cell proliferation, differen-
tiation, migration, and neovascularization, all of which are
important in the pathogenesis and growth of malignant tumors
(36). Drugs targeting this receptor or the receptor-ligand were,
therefore, being explored. C225 is a chimeric MAb. It has a
higher affinity to the EGFR than either TGF-α or EGF (36).
And as such it was used in the treatment of several solid tumors.
C225 has a dual mechanism of action; it competes for the bind-
ing of the EGFR, and also removes the receptor from the cell
membrane by internalization, thus disrupting the cellular pro-
cess responsible for proliferation, growth, and metastasis (Fig.
7 [36]). Side effects with C225 are mild and much less toxic
than what is seen with the traditional regimens (36). Several
trials are being conducted now using either C225 alone or in
combination with other agents in the treatment of many of these
solid tumors with favorable results so far (36).

4.7. C225 (FIG. 7)
Another approach to blocking the activity of these EGFR is

the use of small molecules designated to inhibit their intracel-
lular domains, that is their tyrosine kinase activity.

By inhibiting these kinases the signal transduction mecha-
nism can be blocked. These newer agents compete with ATP
sites on the tyrosine kinase.

ZD-1839 (Iressa) is one of these newer agents. It produces
numerous effects on tumor cells expressing erb-B1 (Fig. 8).

4.8. ZD-1839 (FIG. 8)
ZD-1839 has good oral bioavailability and minimal side

effects. These include acneform skin eruptions, nausea, vom-
iting, and diarrhea. It has shown a response rate of 10% when
used as monotherapy in advanced non-small cell lung cancer
(NSCLC), however resulted in no advantage in terms of re-
sponse rate or survival vs placebo, when used in combination
with chemotherapy in first line treatment of NSCLC (37).

5. SUMMARY

The understanding of tumor biology, cellular kinetics, phar-
macology, and drug resistance has helped in the development
of several new targeted treatments with fewer side effects, good
outcomes, and options for outpatient and oral administration.
Several of these targeted treatments have been approved for the
treatment of different types of cancers whether as single agents
or in combination with traditional chemotherapy with promis-
ing results. Ongoing research in tumor biology and signal trans-
duction pathways may ultimately lead to the “magic bullet” and
change the approach to cancer treatment.

Fig. 6. Proposed HER2 overexpression effect on tumor cells.

Fig. 7. Proposed function of the EGFR/ligand.
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1. INTRODUCTION

Multiple myeloma (MM) is a clonal disorder of B-cell lym-
phocytic lineage characterized by malignant transformation of
plasma cells. It accounts for approx 10% of all the hematologi-
cal malignancies and 1% of all cancers in the United States. In
the year 2000, MM was diagnosed in approx 13,700 people in
the United States and accounted for 20% of deaths from hema-
tological malignancies (1). The median age of onset is 68 yr. It
is slightly more frequent in women and the incidence in Afri-
can-Americans is twice that of Whites. Both the overall inci-
dence and specifically the incidence in African-Americans have
been rising in recent years. A recent study explored whether
dietary factors contribute to the risk of MM and the twofold
higher incidence among Blacks compared with Whites in the
United States. Data from a food frequency questionnaire were
analyzed for 346 White and 193 Black subjects with MM, and
1086 White and 903 Black controls who participated in a popu-
lation-based case–control study of MM in three areas of the
United States. This study concluded that the greater use of
vitamin C supplements by Whites and the higher frequency of
obesity among Blacks may explain part of the higher incidence
of MM among Blacks compared to Whites in the United States.
In addition, the increasing prevalence of obesity may have
contributed to the upward trend in the incidence of MM during
recent decades (2).

2. ETIOLOGY

Several agents have shown an association with the develop-
ment of MM though causation has not been proven. Of the
possible etiological agents, ionizing radiation probably has the

strongest link to the causation of MM as evidenced by the five
times elevated risk of MM in atomic bomb survivors. Exposure
to nickel, benzene, aromatic hydrocarbons, agricultural chemi-
cals, and silicon are other potential risk factors. Proven contri-
bution of each of these agents to the total number of MM cases
is, however, very small.

Monoclonal gammopathy of unknown significance is con-
sidered a premalignant condition though very few of these
patients actually progress to MM.

Cytogenetic studies using chromosomal banding techniques
show an abnormal karyotype in only 30% of MM patients.
More recent studies using a more sensitive fluorescent in situ
hybridization show abnormalities in 80% of MM patients.
Abnormalities involving chromosome 13 are the most frequent
and have the worst prognosis. 13q14 was the commonest
abnormality reported in one study. A single tumor suppres-
sor gene mutation connected with malignant transformation is
yet to be identified. It is possible that cumulative mutational
genetic damage may finally result in malignant transformation.
Families with clusters of myeloma cases are rare.

Interleukin (IL)-6 is an important cytokine in myeloma cell
growth and proliferation (3). Close cell-to-cell contact between
myeloma cells and the bone marrow stromal cells triggers a
large amount of IL-6 production, which supports the growth of
these cells, as well as protects them from apoptosis induced by
dexamethasone or other chemotherapeutic agents (4). IL-6,
however, is not an absolute requirement for the proliferation of
myeloma cells and anti-IL-6 antibody has not been shown to
provide much clinical benefit (5). A recent study shows that
vascular endothelial growth factor (VEGF), in addition to its
known stimulation of bone marrow angiogenesis, also has
direct effects on MM cells. The results of this study suggest
that VEGF stimulates proliferation and migration of MM cells
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in both autocrine and paracrine mechanisms. Within the bone
marrow, VEGF is produced by both MM cells and bone mar-
row stromal cells. IL-6 secreted by bone marrow stromal cells
enhances the production and secretion of VEGF by MM cells;
conversely, VEGF secreted by MM cells enhances IL-6 pro-
duction by bone marrow stromal cells. Moreover, binding of
MM cells to bone marrow stromal cells enhances both IL-6 and
VEGF secretion, suggesting an autocrine VEGF loop (6).
Therefore treatment strategies targeting the different cytokines
involved in the growth and development of the myeloma cell is
currently being investigated.

3. PATHOGENESIS OF BONE DISEASE IN MM
Osteoclasts accumulating on the surfaces adjacent to myeloma

cells are responsible for the bone destruction in MM. Increased
osteoclast activity is not seen in bones that are free of tumor.
There is in addition of impaired osteoblast activity. Multiple
potential osteoclast activating factors have been identified.
These include tumor necrosis factor (TNF)-⇓, receptor activa-
tor of nuclear factor (NF)-. B (RANK) ligand, IL-1-⇓, parathy-
roid hormone-related protein promoter (PTHrP), hepatocyte
growth factor, IL-6, TNF-α, matrix metalloproteinases
(MMP1, MMP2, and MMP9), as well as insulin-like growth
factors-IV. None of these factors shows consistent correlation
with either bone disease or with overall disease progression.
The cell–cell interaction between MM cells and the marrow
stroma cell is important in the production of the osteoclast
activating factor (7).

4. CLINICAL FEATURES
The presenting clinical manifestations of MM are subtle and

variable. They reflect both the direct and indirect consequences
of abnormal plasma cell infiltration.

Anemia is found initially in two-thirds of patients diagnosed
with multiple myeloma (8). Patients with multiple myeloma
and anemia can experience easy fatigability, decreased energy
level, dizziness, impaired cognitive function, respiratory dis-
tress, and cardiac decompensation, all of which can diminish
the patient’s quality of life (9).

The cause for the anemia in multiple myeloma is likely com-
plex and multifactorial. Its morphology is usually that of a
normocytic and normochromic anemia, but megaloblastic and
macrocytic anemia have been described in the literature (10–
12).The cytopenias of MM are a result of multiple factors
including marrow infiltration by plasma cells, renal failure,
chemotherapy, anemia of chronic disease, and the inhibitory
effect of cytokines such as IL-6 and IL-1. The serum erythro-
poietin levels are low relative to the amount of anemia. The
blood smear on MM patients characteristically shows excess
rouleaux formation. Bleeding manifestations are seen owing to
thrombocytopenia, coagulopathy, which are more common in
immunoglobulin (Ig)A myeloma and hyperviscosity syndrome.

Hypercalcemia is the presenting feature in 15 to 30% of MM
cases and manifests as nausea, vomiting, constipation, thirst,
polyuria, and lethargy. A low albumin level can mask true
hypercalcemia, whereas abnormal calcium binding by
paraproteins can cause a spurious hypercalcemia. It is prudent
to measure calcium levels when in doubt. Hypercalcemia in

MM patients usually is a marker of bone disease and high tumor
burden. Unlike humor hypercalcemia of malignancy, parathy-
roid hormone-like peptide is not involved in the hypercalcemia
of MM.

Hyperviscosity is more often seen in IgA myeloma owing to
the tendency of these monoclonal proteins to form polymers or
in IgG myeloma of subclass 3. It can manifest as renal insuffi-
ciency, neurological signs, pulmonary edema, and a bleeding
disorder. Examination of retinal veins shows sluggish circula-
tion. Measuring serum viscosity should confirm the diagnosis.

MM patients have a high risk of infections because of a poor
humoral immune response with additional T-cell and natural
killer (NK) cell defects, exposure to chemotherapy, and steroids.
Although the encapsulated organisms such as Streptococcus
pneumoniae and Haemophilus influenzae are more classically
associated with MM, gram negative bacilli are, in practice, the
most common isolates. Fungal infections by organisms such as
Candida are also frequent.

MM usually involves the axial skeleton and the proximal
ends of the long bones. Involvement of the distal extremities is
uncommon. Almost any bone of the body can, however, be
involved and almost 30% of MM patients have non-vertebral
fractures. Three patterns of bone involvement have been described.
The classic appearance is that of punched out osteolytic lesions.
Generalized osteoporosis usually accompanies lytic lesions,
but in 20% it may be the only manifestation of MM bone
disease. Finally, an osteosclerotic pattern of bone disease in
MM has been described in association with the polyneuropa-
thy, organomegaly, endocrinopathy, monoclonal gammopathy,
and scleroderma (POEMS) syndrome.

More than two-thirds of myeloma patients present with bone
pains and, in many cases, the skeletal disease will significantly
affect the quality of life. The pain is related to activity and
usually does not occur at night except with movement. The pain
is usually the result of pathological fractures accompanied by
muscle spasms and at times because of MM cell infiltration in
bones. These patients also present with radicular pain in the
thoracic or lumbar regions. Rib fractures are often precipitated
by coughing and can cause pleuritic pain. Skull involvement is
commonly seen on radiology but it is usually clinically silent.
Vertebral involvement can also present with painless compres-
sion fractures and a kyphotic deformity resulting in the loss of
height. These patients will also manifest restrictive lung func-
tions from the changes in the chest cavity.

Compression of the spinal cord may result from posterior
extension of the vertebral tumor or from retropulsion of the
fractured vertebral body. In 5% of patients, the cause of spinal
cord compression is an extradural plasmacytoma. Warning
signs of impending spinal cord compression are severe back
pain, band like pain, progressive weakness and paresthesias of
lower limbs, and urinary incontinence. This constitutes a medi-
cal emergency requiring or magnetic resonance imaging or
computed tomography scans to determine the cause and radio-
therapy or neurosurgery to decompress the spine.

Extramedullary plasmacytomas are soft tissue masses con-
sisting of clusters of the malignant plasma cells. They are usu-
ally seen in pleura, mediastinum, or abdomen where they are
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also known to cause destruction of adjacent bones. Osteoscle-
rotic myelomas usually detected when the biopsy of an osteo-
sclerotic lesion reveals plasma cells. It is usually associated
with the POEMS syndrome. The MM in these patients is char-
acterized by low levels of plasma cells in the marrow and low
levels of monoclonal proteins. Treatment is with aggressive
treatment of isolated bone lesions (radiotherapy or surgery)
and avoiding agents toxic to nerves in any systemic therapy.

Bone plasmacytoma is an isolated collections of clonal
plasma cells with no evidence of bone disease elsewhere, ab-
sence of marrow plasmacytosis, monoclonal proteins that are
either absent or disappear after treatment of the plasmacytoma,
and no evidence of hypercalcemia. Local treatment with exter-
nal beam radiation is the standard approach to such tumors. More
than 50% of these patients will eventually develop overt MM.

5. DIAGNOSIS AND STAGING

The minimal diagnostic criteria for MM include either:

• Bone marrow plasma cells >10%.
• Solitary plasmacytoma with the typical clinical picture of

MM with at least one of the following present:

• Serum M protein (>3 gm/dL).
• Urine M proteins (usually >1 g/dL).
• Lytic bone lesions.

Table 1 gives the diagnostic criteria.
The median survival for MM without treatment is 7 mo.

With the use of chemotherapy and good supportive care, the
median survival is 36 to 48 mo and up to 7 yr in specialized
centers. The standard Durie-Salmon staging system (Table 1)
is based on factors that correlate with the total tumor load.
Patients presenting in stage I have a low tumor load and have
a median survival of 5 yr, whereas a patient in stage IIIB disease
is likely to have a median survival of 15 mo. This staging sys-
tem has been widely used for several years, but seems to have
several shortcomings. An alternative simpler staging system
(Table 2) has been proposed based on ⇓-2-microglobulin (⇓2M)
and albumin levels. Patients showing complex and cytogenetic
abnormalities show a worse prognosis. The plasma cell label-
ing index is also an independent predictor of long term survival.

6. INVESTIGATIONS

Monoclonal proteins are the hallmark of MM. One percent
of MM patients are unable to secrete monoclonal proteins
because of a defect in the assembly or secretion mechanisms.
The serum electrophoresis pattern is altered by a spike of mono-
clonal protein (M band) usually in the . -globulin region and is
associated with a flattening of the rest of the . -globulin curve.
(Fig. 1). Serum electrophoresis may give a fail to show a M-spike
in 20%. Immunoelectrophoresis of serum and urine is much more
sensitive and can quantify the monoclonal proteins. The com-
bined use of these tests will correctly identify the paraprotein
in 99% of patients. The common monoclonal proteins seen in
MM are IgG (55%), IgA (25%), and light chain disease (20%).
. -light chains are secreted twice as often as . .

The monoclonal Igs are too large to be filtered in the glom-
erulus and, therefore cannot be detected in the urine. The plasma

Table 1
Criteria for Multiple Myeloma Diagnosis

Major criteria

Plasmacytoma
Marrow plasmacytosis >30%

Monoclonal proteins
IgG >3.5 g/dL
IgA >2 g/dL
Bence Jones >1 g/24 h

Minor criteria

Marrow plasmacytosis 10–29%
Lytic bone lesions
Monoclonal proteins present but less than

for major criteria
Decrease in other immunoglobulins

Diagnosis: 2 major/1 major + 1 minor/3 minor

IgA, immunoglobulin A; IgG, immunoglobulin G.

Table 2
Durie-Slamon Staging

Stage I Stage II Stage III

Hb gm/dL >10 8.5–10 <8.5
Monoclonal proteins g/dL

IgG <5 5–7 >7
IgA <3 3–5 >5
Bence Jones (24 h) <4 4–12 >12

Calcium Normal >12
Lytic lesions –ve –ve +ve

⇓2M (mg/L) Albumin (g/dL) Median survival (months)

<2.5 58
2.5–5.5 38
>5.5 >3.0 25
>5.5 <3.0 16

Each stage is subclassified as A or B. Presence of abnormal blood urea
nitrogen or creatinine indicates subclass B. IgA, immunoglobulin A; IgG,
immunoglobulin G.

cells secrete and excessive amount of light chains, which are
small enough to pass through the glomeruli and can be detected
as Bence-Jones proteins in the urine. The classic methods of
Bence-Jones protein detection in the urine have to be replaced
by urine immune electrophoresis. Twenty-four-hour urine pro-
tein excretion is, thus, a useful surrogate marker of light chain
excretion in the urine.

The patients with MM are likely to show pancytopenia with
anemia occurring early and thrombocytopenia occurring in an
advanced stage. Granulocytopenia is common but mild. The
sedimentation rate is disproportionately high for the degree of
anemia.

The patients will typically have elevated serum globulins with
hypoalbuminemia and inversion of the A:G ratio. An elevated
lactic acid dehydrogenase is seen in 10 to 15% of MM patients
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and correlates with a poor prognosis. Blood urea and creatinine
levels reflect the presence of renal dysfunction.

The bone marrow biopsy is essential to establish the diagno-
sis of MM. The plasma cells characteristically will stain selec-
tively for . - or . -light chains only (light chain restriction)
reflecting their clonal origin. Cytogenetic studies can be per-
formed on the biopsy specimen. A plasma cell labeling index
less than or equal to 0.8% indicates a good prognosis.

At the time of diagnosis a bone survey will reveal lytic
lesions in at least 70% of patients with MM, whereas 20% will
show evidence of generalized bone demineralization only.
Approximately 10% of the patients will have normal radio-
graphs at presentation. An osteoblastic reaction resulting in
osteoclastic myeloma is rare (1.4%). It is usually seen in the
context of the POEMS syndrome as previously mentioned.

7. TREATMENT

Therapy for MM can be artificially divided in to active care
and supportive care. The active care can be further divided in
to an induction phase and a maintenance phase. This latter divi-
sion is because of the fact that MM is an incurable disease. With
this algorithm in mind, we will briefly discuss the new and
upcoming aspects of each category.

7.1. ACTIVE THERAPY
7.1.1. Bone Marrow Transplant
Allogeneic bone marrow transplant for MM should be used

in a research setting. More than 90% of MM patients are ineli-
gible owing to high age, lack of human leukocyte antigen-
matched sibling donor, or comorbidity. In addition, it is
associated with high treatment associated morbidity and mor-
tality (13).

The results of autologous stem cell transplants in MM are per-
plexing. The French myeloma group randomized 200 untreated
myeloma patients to auto bone marrow transplant or conven-

tional chemotherapy. Twenty-five precent of those random-
ized to the transplant arm did not receive one. The overall sur-
vival was superior in the transplant group (52 vs 12%), but was
related to the ⇓2M level suggesting that patient selection may
be a bias in the results (14). A timely second high-dose therapy
appears to be an important factor in the outcome of tandem
transplant. When serial landmark analyses were performed at
11, 12, 13,14, 15, and 16 mo, both event-free survival and
overall survival were longer among the patients who had re-
ceived a second transplant within 13 mo (when nearly 85% of
second transplants had been completed) compared with the
others receiving their second cycle of high-dose therapy later or
not at all. The proportion of high-risk patients (unfavorable
cytogenetics and high ⇓2M) was not different regardless of
whether a second transplant had been performed at any of the
landmarks examined. Interestingly, the difference in outcome
between the group completing a second transplant and the
remaining patients gradually emerged by 12 mo and was lost
by 15 mo (15). This pattern supports the results of the Cox
regression model that identified timelines of a second trans-
plant as a significant variable for clinical outcome. More
recently, performing a second transplant within 3 mo affects
the complete remission as well as the overall outcome of
therapy (16). The delay to the second transplant could be
related to the cumulative toxicity of the induction and har-
vest regimens. Grade III/IV extramedullary toxicities was
noted in one-third of the patients treated with vincristine,
adriamycin, and dexamethasone (VAD) and in approximately
two-thirds of those treated with high-dose Cytoxan. Further,
more two-thirds of the patients treated with the first high-dose
therapy utilizing Melphalan at 200 mg/m2 experienced grade
III/IV toxicity. Eliminating chemotherapy from the induction
regimen, modifying the preharvest chemotherapy could poten-
tially decrease the toxicity, and allow for a larger number of

Fig. 1. Serum electrophoresis.
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patients to receive the targeted therapy in a timely fashion.
Moreover, a biological regimen that could influence the tumor
biology could potentially have a major impact on the response
to chemotherapy (17). The Mayo and the M.D. Anderson groups
investigated the role of Thalidomide with and without Dexam-
ethasone in newly diagnosed myeloma patients. A 64 to 72%
response rate with minimal toxicity was achieved (18,19).
Substituting this regimen for VAD should decrease toxicity,
and could potentially change the tumor microenvironment and
biology to allow for a better response rate. This approach is
currently under investigation by our group through the South
West Oncology Group.

7.1.2. Chemotherapy

Myeloma patients with signs of progression such as increas-
ing M protein levels or evidence of anemia, hypercalcemia,
renal insufficiency, lytic bone lesions, or extramedullary plas-
macytomas need to be treated. There is a subgroup of patients
with smoldering myeloma in stage IA who can be watched until
progression.

The goal of treatment is to prolong survival and to palliate
symptoms. The best measure of response in myeloma is by
documenting reduction in M protein concentration in blood
(objective response >25%, partial response >50%, and com-
plete response >75%) and by documenting reduced 24-h pro-
tein excretion in the urine in association with stable or improved
anemia, bone disease, and hypercalcemia. Responders to chemo-
therapy show a distinct survival advantage over nonresponders,
but neither the speed nor response or the degree of response
seemed to influence survival (20). It is now believed that achiev-
ing a disease-stabilization or a plateau phase defined as period
of disease stability after chemotherapy of at least 4 to 6 mo
correlates best with survival.

Conventional chemotherapy for MM consists or oral
melphalan with prednisone (MP) given for 5 to 7 d every 6 wk.
It usually takes three to four cycles to get to a plateau. It pro-
duces a response in 50 to 60% of patients and is fairly well
tolerated. To improve the on this response rate, various combi-
nation chemotherapy therapy (CCT) regimen were developed
in the 1970s and 1980s. In 1998, an overview of 6633 patients
from 27 randomized trials comparing CCT with MP showed
them to be equivalent in terms of survival in both low- and high-
risk MM patients. There is no evidence of benefit of mainte-
nance chemotherapy after attaining a plateau. Unnecessary
chemotherapy exposes a patient to the risks of secondary leu-
kemia and drug resistance. Several small trials have evaluated
the role of interferon-α in maintenance regimen with widely
conflicting results. Most of these trials were underpowered and
thus an overview of the individual patient data from 24 random-
ized trials and 4012 patients was undertaken to resolve these
conflicting results (21). Median time to progression was im-
proved with interferon, but the survival benefit was not. Any
benefit of long-term interferon needs to be balanced against
cost and toxicity of interferon maintenance.

The most effective treatment in patients with relapsed myeloma
is a combination of VAD, which has shown a response in 50 to
60% of these patients. The response is shorter lived than in
newly treated patients (22).

7.1.3. Bisphosphonate Use in MM
Chemically, the bisphosphonates have a backbone of phos-

phorus-carbon-phosphorus, which allows it to bind to the bone
mineral exposed in the resorption lacunes by the osteoclasts.
The osteoclasts cell function is disrupted as they internalize the
bisphosphonate present in an extremely high concentration
(23). The bisphosphonates have been show to induce apoptosis
in the osteoclasts (24). Secretion of cytokines such as IL-6,
which may have a role not only in stimulating osteoclasts, but
are also important for MM cell survival, is downregulated.

In a study, 62 newly diagnosed MM patients were randomly
assigned to either chemotherapy with or without monthly
palmidronate. Patients treated with the combination showed
significant reduction of N-telopeptide (marker of bone resorp-
tion), IL-6, and paraprotein level in 3 mo and of ⇓2M and skel-
etal events in 6 mo (25). These results are confirmed after long
term follow-up of stage III MM patients randomized to chemo-
therapy alone or combined with palmidronate. After a median
follow-up of 21 mo, patients treated with palmidronate had
fewer skeletal events (pathological fracture, radiation or sur-
gery to bone, and spinal cord compression) (26). Interestingly,
MM patients on second-line chemotherapy at the time of
trial entry lived longer in the monthly palmidronate arm of
the study (14 vs 21 mo, p � 0.041).

Zolendronate is a new highly potent bisphosphonate. In the
treatment of hypercalcemia of malignancy zolindronatic acid
4 mg was superior to palmidronate 90 mg in needing shorter
infusion time, earlier response, and longer duration of response
(27). In Durie-Salmon stage III patients with at least one bony
lesion, zolendronate was as effective as palmidronate in reduc-
ing skeletal events in 13 mo and, interestingly, was superior in
reducing the bone resorption factors.

Osteoprotegerin (OPG) is an alternative to bisphosphonates
in treating skeletal metastatic disease. It binds and inactivates
the OPG ligand, which is an essential factor required for osteo-
clast differentiation. OPG has been shown to oppose the bone
resorption resulting from parathyroid hormone (PTH), PTHrP,
1,25(OH)2D3, TNF-α, and IL-1B. This compound is currently
under investigation.

7.1.4. Radiation
For the majority of patients excellent pain control can be

achieved with external beam radiation. The exact dose and
schedule of such radiotherapy is not standardized. A single
dose of 8 gy has been shown to be effective (28).Usually a
30 gy dose will be given in 10 fractions.

Radiopharmaceuticals such as Stroncium89 and Samarium153,
which is linked to the bisphosphonate ethylene diamine
tetramethylene phosphonic acid are preferentially taken up at
sites of new bone formation and have been studied in prostate
and breast cancer patients with bone metastasis. They are not
likely to be as effective in MM in which the osteoblast activity
is suppressed.

7.1.5. Surgery

Patients who have long standing lytic lesions, especially the
ones that are at a high risk for pathological fractures in weight
bearing bones should be evaluated by an orthopedic surgeon
for prophylactic fixation. Pain that increases with movement is
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a sign of impending fracture. The risk of fracture increases if
more than 30% of the bone diameter is effected by the bone
lesion. The fracture risk is a dramatic 80% if more than 50% of
the bone diameter is destroyed.

Prophylactic fixation of an impending fracture is simpler
and safer than surgery after a pathological fracture. This pre-
vents unnecessary pain and morbidity for the patient and the
rehabilitation is much faster. Surgery is usually followed by
external beam radiation to prevent tumor regrowth.

There is no evidence that surgery predisposes these patients
to tumor progression or dissemination.

Kyphoplasty is associated with early pain control, early
functional recovery and restoration of vertebral body height. At
the Cleveland Clinic 18 MM patients underwent 55 kyphoplasty
procedures with restoration of on average 34% of height and
significant improvement in SF36 scores for bodily pain, physi-
cal function, vitality, and social functioning (24).
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1. EPIDEMIOLOGY AND ETIOLOGY

In the year 2002 there was an estimated 60,900 new cases of
lymphoma in the United States, with 53,900 cases of non-
Hodgkin’s lymphoma (NHL) and 7000 cases of Hodgkin’s
lymphoma (1). Estimated deaths in 2002 for NHL and
Hodgkin’s lymphoma were 24,400 and 1400, respectively. The
male to female ratio for both NHL and Hodgkin’s lymphoma is
presently 1.1:1. Although the incidence of Hodgkin’s lym-
phoma has remained stable over the past several decades, there
has been an increasing incidence of NHL in North America at
a rate of approx 2 to 3% per year. NHL comprises 4% of male
and female cancers in the United States, being the fifth most
common malignancy among women (after breast, lung,
colorectal, and uterine) and the sixth most common among men
(after prostate, lung, colorectal, urinary bladder, and mela-
noma) (1).

With the exception of Burkitt and lymphoblastic lymphoma,
that are more often seen in children and young adults, the median
age at presentation for NHL is older than 50 yr (2). By contrast,
Hodgkin’s lymphoma has a bimodal age curve, with an initial
age peak at 15 to 35 yr and a second smaller peak after age 50 (3).

The exact etiology for both Hodgkin’s lymphoma and NHL
remains unknown. Epstein-Barr virus has been postulated to be
involved in the pathogenesis of Hodgkin’s and Burkitt’s lym-
phoma, as well as many of the lymphomas that are related to
acquired immunodeficiency syndrome (AIDS) or transplant
immunosuppression (2,3). Other risk factors for the develop-
ment of NHL include other viruses such as human immunode-
ficiency virus (HIV), human T-cell leukemia virus (HTLV)-1,
hepatitis C virus, human herpes virus 8, as well as congenital
immunodeficiency, immunosuppression for organ transplants,
and autoimmune diseases. Environmental factors such as
pesticides, herbicides, organic chemicals (e.g., benzene), wood

preservatives, and prior chemotherapy or radiation therapy have
been associated with the development of NHL (4). In addition,
chromosomal translocations and molecular rearrangements are
important in the development of many lymphomas (4). For
instance, the t(14;18) (q32;q21) abnormality, which is found in
most follicular lymphomas and some diffuse, large B-cell lym-
phomas results in overexpression of the BCL-2 protein, which
inhibits apoptosis (5).

2. CURRENT TREATMENT AND PROGNOSIS
Before formulating a treatment approach for lymphoma the

disease subtype and stage must be determined. An adequate
initial tissue specimen is critical to accurately classify the dis-
ease subtype. Sufficient sample should be collected for
immunophenotyping, cytogenetic analysis, and molecular stud-
ies. If lymphadenopathy is present, an entire lymph node should
be obtained to assess the nodal architecture by an experienced
hematopathologist for further classification purposes. A needle
biopsy or fine-needle aspiration alone may provide inadequate
tissue that may result in diagnostic errors (6). Table 1 lists the
current classification of lymphomas reported by the World
Health Organization (2,3).

A thorough initial staging evaluation should be performed
prior to instituting therapy. This should include a complete
physical examination, complete blood count and differential
with review of the peripheral blood smear, complete serum
chemistry profile including a lactate dehydrogenase, bone
marrow biopsy, and aspirate (preferably a bilateral exam), and
computed tomography (CT) scans of the chest, abdomen, and
pelvis. In some cases, a chest X-ray may be sufficient in place
of a chest CT scan. For certain disease subtypes and presenta-
tions, further initial testing such as cytological examination of
body fluids (e.g., cerebrospinal fluid, ascites, pleural fluid) as
well as radionuclide and positron emission tomography scans
may also be appropriate. Table 2 shows the Ann Arbor staging
system for Hodgkin’s lymphoma and NHL (7,8).
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Table 1
World Health Organization Classification of Lymphoma

Precursor B-cell neoplasm Precursor T-cell neoplasms

Precursor B lymphoblastic leukemia/lymphomaa Precursor T lymphoblastic leukemia/lymphomaa

Blastic NK cell lymphomaa

Mature B-cell neoplasms Mature T-cell and NK-cell neoplasms

Chronic lymphocytic leukemia T-cell prolymphocytic leukemiab

/small lymphocytic lymphomac T-cell large granular lymphocytic leukemiac,d

B-cell prolymphocytic leukemiab Aggressive NK cell leukemiaa

Lymphoplasmacytic lymphomac Adult T-cell leukemia/lymphomaa

Splenic marginal zone lymphomac Extranodal NK/T-cell lymphoma, nasal typeb

Hairy cell leukemiac Enteropathy-type T-cell lymphomab

Plasma cell myeloma Hepatosplenic T-cell lymphomab

Solitary plasmacytoma of boneb Subcutaneous panniculitis-like T-cell lymphoma
Extraosseous plasmacytomab Mycosis fungoidesc

Extranodal marginal zone B-cell lymphoma Sezary syndromec

of mucosa-associated lymphoid tissue Primary cutaneous anaplastic large cell lymphomab

(MALT-lymphoma)c Peripheral T-cell lymphoma, unspecifiedb

Nodal marginal zone B-cell lymphomac Angioimmunoblastic T-cell lymphomab

Follicular lymphoma (grades 1 and 2)c

Follicular lymphoma (grade 3)b

Anaplastic large cell lymphomab

Mantle cell lymphomab

Diffuse large B-cell lymphomab

Mediastinal (thymic) large B-cell lymphomab

Intravascular large B-cell lymphomab

Primary effusion lymphoma
Burkitt lymphoma/leukemiaa

Hodgkin’s lymphoma

Nodular lymphocyte predominant
Classical Hodgkin’s lymphoma:

Nodular sclerosing Mixed cellularity
Lymphocyte-rich Lymphocyte depleted

aVery aggressive lymphoma subtype.
bAggressive lymphoma subtype.
cIndolent lymphoma subtype.
dIf CD56+, this is an aggressive lymphoma subtype.

After the disease subtype and stage are known, the goals of
treatment for an individual patient must be determined. These
goals range from cure, to improved survival and quality of life,
to disease palliation and comfort measures. Treatment deci-
sions are also influenced by whether the disease is early or
advanced stage and whether the disease is indolent, aggressive,
or very aggressive (see Table 1).

2.1. PROGNOSTIC SYSTEMS
An international prognostic factors project has been devel-

oped for advanced stage Hodgkin’s disease (9). From an analy-
sis of more than 5000 patients, seven independent predictors
were noted for a decreased likelihood of freedom from progres-
sion. In addition, an International Prognostic Index (IPI) exists
for NHL that is based on five parameters (10). After generating
a score from the number of predictors or risk factors from each-
prognostic system outcome measures, such as freedom from
progression, disease-free survival, and overall survival, can
be estimated. These prognostic systems are summarized in
Tables 3 and 4.

2.2. TREATMENT FOR HODGKIN’S LYMPHOMA
Early stage Hodgkin’s disease includes stages I or II, no

bulky disease (largest mass diameter <10 cm and mediastinal
disease <1/3 of the transthoracic diameter), and no B symptoms
(fever, night sweats, and >10% weight loss from baseline). For
these patients, brief duration chemotherapy with adriamycin,
bleomycin, vinblastine, and dacarbazine (ABVD) or vinblas-
tine, methotrexate, and bleomycin followed by radiation
therapy are highly effective treatment approaches. Disease-
free survival rates achieved are 87 to 96% and overall survival
rates are 97 to 100% at up to 42 mo of median follow-up dura-
tion (11–13).

For advanced stage Hodgkin’s disease ABVD chemo-
therapy has been a standard treatment approach with 5-yr fail-
ure-free survival and overall survival rates of 61 and 73%,
respectively (14). The addition of radiation therapy to chemo-
therapy has not improved overall survival in this group of
patients (15). However, radiation therapy is often adminis-
tered to bulky disease sites after chemotherapy has been com-
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pleted. In the setting of relapsed or refractory Hodgkin’s dis-
ease, autologous hematopoietic stem cell transplantation may
still be curative therapy (16).

2.3. TREATMENT FOR NON-HODGKIN’S LYMPHOMA
Limited stage NHL includes Ann Arbor stages I and II, dis-

ease bulk less than 10 cm, and no B symptoms. For limited
stage, indolent NHL radiation therapy alone may be curative
(17). In this setting, combined modality treatment with chemo-
therapy and radiation therapy may also be employed (18).
However, it is unknown whether radiation therapy alone or in
combination with chemotherapy is better.

For advanced stage, indolent NHL the therapeutic options
include watchful waiting until patients become symptomatic
from their disease (19), conventional chemotherapy (e.g., cyclo-
phosphamide, vincristine, and prednisone; single-agent chloram-
bucil; fludarabine or cladribine-based regimens [20–22]),
interferon (with chemotherapy or as maintenance treatment
after chemotherapy [23]) and monoclonal antibodies (e.g.,
Rituximab, Ibritumomab [24,25]). For patients with recurrent
disease, autologous as well as allogeneic hematopoietic stem
cell transplantation may be effective in achieving long-term,
disease-free survival (26).

Radiation therapy alone for limited stage, aggressive NHL
has resulted in 5-yr disease-free survival rates of 20 to 50%
(27). When radiation is combined with chemotherapy cyclo-
phosphamide, doxorubicin, vincristine and prednisone (CHOP)
progression-free survival rates of 80 and 63% as well as overall
survival rates of 81 and 74% have been demonstrated at 5 and
10 yr, respectively (28). Although combined radiation therapy
and CHOP may improve disease-free survival and time to pro-

gression when compared with CHOP alone, there has been no
difference in overall survival at 10 yr (29).

For advanced stage, aggressive NHL, the IPI (Table 4) should
be used to help guide therapeutic decisions. CHOP chemo-
therapy may potentially cure 50 to 70% of patients with low- or
low-intermediate risk disease (10). Although other more intense
regimens have been used, in general these have not improved
outcomes with the exception of younger patients with poor
prognosis (30). For high-intermediate or high-risk disease,
CHOP chemotherapy can only cure approx 25% of patients
(10). These patients should therefore be considered for clinical
trials. Coiffer et al. (31) performed a multicenter, French trial
that randomized elderly, diffuse large B-cell NHL patients to
CHOP or CHOP with Rituximab (31). The Rituximab arm had
a significantly higher complete response rate (76 vs 63%, p �
0.005) as well as event-free and overall survivals at 2 yr median
follow-up while having no increased toxicity. For younger
patients with advanced stage, aggressive NHL, and higher risk
IPI scores, autologous hematopoietic stem cell transplantation
can be considered (32).

Patients with relapsed aggressive NHL may respond to salvage
chemotherapy regimens (e.g., etoposide methyloprednisolone
high-dose cytarabine cisplatin [ESHAP], ifosphamide,
carboplatin, and etoposide [ICE]) (33,34). A randomized trial
of such patients with chemotherapy-sensitive disease demon-
strated a significant survival advantage for those receiving
autologous hematopoietic stem cell transplants as compared
with those receiving conventional salvage chemotherapy (35).
However, for patients with primary refractory disease neither
conventional chemotherapy nor autologous transplantation has

Table 2
Cotswold Revision of the Ann Arbor Staging Classification for Hodgkin’s Lymphoma

Stage Definition

I Single lymph node region or lymphoid structure (e.g., spleen, thymus, Waldeyer’s ring)
II Two or more lymph node regions on the same side of the diaphragm
III Lymph node regions or structures on both sides of the diaphragm
III1 With or without splenic, hilar, celiac, or portal nodes
III2 With paraaortic, iliac, or mesenteric nodes
IV Diffuse involvement of one or more extralymphatic organs or sites

Ann Arbor Staging Classification for Non-Hodgkin’s Lymphoma

Stage Definition

I One lymph node region
IE One extralymphatic organ or site
II Two or more lymph node regions on the same side of the diaphragm
IIE One extralymphatic organ/localized site in addition to stage II criteria
III Lymph node regions on both sides of the diaphragm
IIIE One extralymphatic organ/localized site in addition to stage III criteria
IIIS Spleen in addition to criteria for stage III
IIISE Spleen and one extralymphatic organ/localized site in addition to stage III criteria
IV Diffuse or disseminated involvement of one or more extralymphatic organs ± associated lymph node involvement

A—No symptoms
B—Fever, drenching sweats, or weight loss
X—Bulky disease: .1/3 widening of the mediastinum at T5–T6; or maximum of nodal mass .10 cm.
E—Involvement of a single extranodal site, or contiguous or proximal to known nodal site of disease.



110 SOBECKS

Table 3
Prognostic Scoring System for Hodgkin’s Lymphoma

Gender Age Stage Hemoglobin WBC Lymphocyte count Albumin

Male >45 yr IV <10.5 g/dL >15 ⋅  109/L <0.6 ⋅  109/L <4 g/dL

or

<8% of the WBC count

Number of predictors  5-Yr FFP (%)

0–1 79

2–7 60

0–2 74

3–7 55

0–1 70

4–7 47

WBC, white blood cell; FFP, freedom from progression.

Table 4
The International Prognostic Index for Non-Hodgkin’s Lymphoma

Performance Number of
Age status Stage  LDH extranodal sites

>60 yr >2 III/IV >normal >1

Number of predictors Risk category CR(%) 5-Yr DFS (%) 5-Yr survival (%)

0–1 Low  87 70 73
2 Low-intermediate  67 50 51
3 High-intermediate  55 49 43
4–5 High  44 40 26

LDH, lactate dehydrogenase; CR, complete response; DFS, disease-free survival.

demonstrated durable responses. Such patients should there-
fore be considered for clinical trials.

The very aggressive lymphomas (e.g., Burkitt’s and lym-
phoblastic) commonly involve the bone marrow and central
nervous system (CNS). All treatment regimens should there-
fore include CNS prophylaxis with intrathecal chemotherapy.
CNS radiation therapy is not routinely used in most protocols
except occasionally for patients with CNS disease. Multi-agent
acute lymphoblastic leukemia-like chemotherapy regimens
have achieved 70 to 100% complete remission rates and 50 to
100% disease-free survival rates (36,37). Patients with disease
relapse may be evaluated for hematopoietic stem cell trans-
plantation. In contrast to treatment regimens for Burkitt/
Burkitt-like NHL that may be completed in a few months, those
for lymphoblastic NHL contain maintenance therapy after con-
solidation treatment that usually continues until patients have
completed 2 yr of therapy. This often includes agents such as
vincristine, methotrexate, 6-mercaptopurine, and prednisone.

3. GENERAL CHARACTERISTICS AND IMPACT
OF SKELETAL INVOLVEMENT

Although the majority of lymphomas involve lymph node
distributions, they may also involve extranodal sites by either
direct extension to a contiguous area or by hematogenous or
lymphatic spread (38). Approximately 6% of NHL patients
have bone disease as a presenting sign (39). The incidence for
Hodgkin’s lymphoma is more rare (<1%) (40). A single site of
bone disease is considered one extranodal site and therefore
stage IE, whereas diffuse involvement of one or more sites is
considered stage IV disease as described in Table 2. The prog-
nostic scoring systems consider stage IV disease and more than
one extranodal site poor risk features (see Tables 3 and 4).
Skeletal involvement by lymphomas may also be debilitating
from pain or fractures. In addition, involvement of the bone
marrow may eventually result in cytopenias that can predispose
patients to life-threatening infections and hemorrhage.
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4. SPINAL INVOLVEMENT
4.1. INCIDENCE
Approximately 9% of epidural spinal tumors are lympho-

mas (41). NHL may result in spinal cord compression in approx
0.1 to 10% of patients (42,43). More than half of the cases
involve the thoracic spine, whereas the cervical spine is the
least commonly effected (44,45). Most cases of intraspinal
lymphoma have systemic disease, however, approx 0.1 to 7%
of these have been reported to have primary spinal epidural
NHL (43). Only 0.2% of such cases have been observed for
Hodgkin’s lymphoma (46). Although lymphoma classification
systems have changed with time, many of the earlier described
cases of spinal epidural lymphoma (SEL) have reported that
aggressive histological subtypes were usually more common than
indolent subtypes. Of the 104 patients (72%) listed in Table 5, 75
had intermediate or high-grade histologies. The median age for
all patients in the NHL group was 52.5 yr, whereas that the
median age for those with Hodgkin’s lymphoma was 54 yr.
Some reports also have suggested a male predominance (43,47).

4.2. SIGNIFICANCE
NHL involving the spine can be either a primary or second-

ary event (48). Although primary SELs have been reported
(Table 5), these are rare and in some cases may have developed
from an undetected vertebral body or retroperitoneal lymphoma
(49). Many of the reports that previously described these lym-
phomas were made before the availability of modern
neuroimaging modalities, thus, limiting an accurate assessment
of the disease. However, more recent reports in which magnetic
resonance imaging (MRI) was utilized have more clearly dem-
onstrated the existence of this disease entity (50–52). These
patients with stage IE disease may have a favorable outcome if
diagnosed and treated early in contrast to those patients who
have secondary SEL (43). Progressive disease, particularly if
not responsive to therapy, may result in significant pain as well
as neurological deficits from spinal cord and nerve root com-
pression.

4.3. DIAGNOSTIC AND CLINICAL FEATURES
Plain films of the spine are often normal for patients with

spinal NHL. However, some reports have indicated abnormali-
ties in approx 15 to 40% of such patients (43). Myelograms,
CT, and CT myelography were formerly used to identify com-
plete or partial blocks of the spinal cord in order to locate the
level of the lymphoma (45,53–55). However, these imaging
modalities have been replaced by MRI as the initial
neuroimaging method for evaluating such patients (see Fig. 1).
Although there is no pathognomonic finding on MRI for this
disease, the presence of a homogeneous isointense lesion
extending over multiple vertebrae having continuity with a
paraspinal soft tissue mass and with diffuse vertebral marrow
signal changes is suspicious for a lymphoma (56). Lyons et al.
(43) suggested that finding a spinal epidural lesion by
neuroimaging with normal plain films in patients with back
pain and no history of cancer more likely represents a primary
SEL than secondary disease or other malignancy.

When the mid-thoracic spine is involved, patients may have
more severe neurological sequelae. This may in part be related
to an increased risk of ischemia owing to the more limited
vascular supply to this part of the spinal cord (57). Cerebrospi-

nal fluid analysis often demonstrates an elevated protein level,
but the cytology may be normal (44,50).

4.4. PRESENTATION OF SPINAL DISEASE
There have been two stages described for the presentation of

SEL (45). Initially, a prodromal stage often occurs in which
patients may have back and radicular pain as well as
paresthesias. These symptoms may exist for months before the
diagnosis is established. The next stage is that of cord compres-
sion, which for some patients may occur concurrently with the
prodromal symptoms. There is loss of motor function followed
by sensory impairment, which is manifested by paresis, paraly-
sis, discrete sensory levels, accentuated reflexes, and loss of
sphincter control.

4.5. NATURAL HISTORY
There has been controversy as to whether primary SELs

exist. Russell and Rubinstein (58) suggested that the epidural
space contains normal lymphoid tissue. Conceivably this tissue
could transform to a lymphoma. Alternatively, these lympho-
mas may have originated from a vertebral, paraspinal, or retro-
peritoneal source (59). They may enter the epidural space
through intervertebral foramina and extend to other vertebral
bodies resulting in compression fractures, cord compression,
and ischemia from interruption of the spinal cord’s vascular
supply (45).

A thorough staging evaluation should, therefore, be per-
formed to exclude other sites of disease. More advanced stage
disease as well as more aggressive histological subtypes have
had worse outcomes than that of primary SEL and more indo-
lent subtypes, respectively (43,59). Perry (47) and Raco (60)
have also found that patients with lymphomas of T-cell origin
have had longer survival than those with B-cell phenotypes.

4.6. RESPONSE TO MEDICAL MANAGEMENT
Patients presenting with significant neurological symptoms,

such as cord compression, require urgent medical attention and
therapeutic intervention before a staging evaluation can be
completed. Efforts should be made to rapidly obtain a tissue
diagnosis (e.g., frozen section of a biopsy specimen, bone
marrow exam). The prompt institution of high-dose steroid
therapy is also imperative. This provides symptomatic improve-
ment, often in hours, by decreasing spinal cord edema. Corti-
costeroids also are lympholytic and therefore have had an
important role in many treatment regimens for lymphoma.
Doses of 60 to 100 mg iv dexamethasone followed by a taper
regimen have been recommended (53). In addition, the admin-
istration of analgesics such as narcotics is also appropriate for
many patients.

Although earlier reports of treatment for SELs demonstrated
the importance of radiation therapy, more recent evidence sug-
gests that chemotherapy should be included as well
(42,45,61,62) (see Table 5). The majority of lymphoma sub-
types described have been of intermediate or high-grade histol-
ogy. As such, these diseases are usually chemosensitive with
high remission rates and with potential for long-term survival
as described in Subheadings 2.2. and 2.3. Mora et al. (63) sug-
gested that radiation therapy be avoided in growing children
(63). When possible, omitting radiation therapy also avoids
potential myelopathies and may prevent early myelosuppression
that prohibits administration of chemotherapy to treat systemic
disease (61).
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Because the spinal epidural space receives its blood supply
from the systemic circulation, chemotherapeutic agents may be
administered without having to cross the blood–brain barrier
(61). However, intrathecal chemotherapy with methotrexate
and/or cytarabine has been given as well (52,54), particularly
in the presence of cerebrospinal fluid lymphomatous involve-
ment or for high-grade lymphomas.

4.7. TREATMENT OF LOCALIZED DISEASE
Localized SEL is rare and treatment approaches are de-

scribed in Subheadings 2.2. and 2.3. for the different patho-
logic subtypes of lymphoma. The reports in Tables 5 and 6
suggest that radiation therapy doses of 3000 to 4000 cGy are

necessary for optimal response. This has been effective in
reversing neurological deficits if administered promptly even
after cord compression develops (43,53–55,64).

Although the role of chemotherapy is more established for
secondary SELs, it has been effective for some primary cases
as well (42,45,47,61,62) (see Tables 5 and 6). Until further
outcome information is available, combined radiation therapy
and chemotherapy have been advocated by some in order to
treat the primary lesion as well as any occult systemic disease
(42,47). This approach also helps avoid extensive decompres-
sive procedures. Fifty-nine (82%) of the 72 patients in Table 5
who were treated with combined chemotherapy and radiation

Table 5
Primary Spinal Epidural Non-Hodgkin’s Lymphoma

No. of
Therapy* Histologya

Reference patients Median age (yr) S RT CT Low Intermediate High Outcome

67 1 51 1 1 1 — 1 — NED at 4 yr
68 1 63 1 1 — — 1 — DWD at 4 mo
48 1 45 1 — — — 1 — DWD at 7 mo
69 1 26 1 — — — 1 — DWD at 10 mo
70 1 24 1 1 — — 1 — NED at 18 mo
64 10 38 10 10 — 8 2 — 7 NI

MS 21 mo
42 5b 46 5 5 3 — 2 3 MS 27� mo

3 patients with NED
53 3b 66 3 3 2 — 1 2 MS 12 mo; 3 NED
55 5 43c 5 5 — 2 3 — MS 18 mo; 3 NI
66 4b 50 4 4 1 2 — 2 MS 12 mo; 4 DWD
54 1 59 1 1 1 — 1 — NED at 22 mo
62 2 52c 2 2 2 — 2 — 2-CRd

65 5b 60 5 5 3 2 — 3 MS 6 mo; 2 DWD
1-A (11yr); 2 DWOD

47 3b 66 3 3 1 — 2 1 MS 3 mo; 1 DWD
71 1 59 1 1 — — 1 — NED at 3 yr
43 10 70 10 10 — 6 4 — MS 42 mo; 4 relapsed

6-A (3 with relapse)
61 4b 36 1 1 4 1 3 — MS 17 mo; 4 CR
72 3 59 3 3 1 1 1 1 1 NED at 4 yre

41 19 53 19 16 13 3 4 12 4 A: MeS 61 mo
15 D: MeS 31 mo

60 6 9 6 6 6 — — 6 6A; median F/U 52 mo
63 3b 10 3 3 3 — — 3 2 D at 7–8 mo;

1 CR at 12 yr
51 1 71 1 1 — — 1 — Relapsed at 7 mo
50 1 75 — 1 1 1 — — NED >8 mo
52 13b 62 13 13 5 3 9 1 MS 29.5 mo for IHf

MS 103 mo for Lg

Totals 104 52.5h 100 96 47 29 41 34

*Number of patients who had received each treatment modality.
aNumber of patients with each histological grade subgroup.
bAdditional patients were included in the reference, but only those with likely stage IE disease reported.
cMean.
dOne patient relapsed 32 mo after radiation therapy and then received chemotherapy with no evidence of disease for 5 yr.
ePatient with a high-grade lymphoma who received chemotherapy; two other patients died within 2 mo.
fEight out of 10 with complete remission and one relapse.
gThree out of three with complete remission with two relapses.
hMedian.
S, surgery; RT, radiation therapy; CT, chemotherapy; NED, no evidence of disease; DWD, dead with disease; NI, neurologically improved; DWOD,

dead without disease; MS, median survival; A, alive, MeS, mean survival; CR, complete remission; F/U, follow-up; IH, intermediate/high-grade non-
Hodgkin’s lymphoma; L, low-grade non-Hodgkin’s lymphoma.
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therapy had intermediate or high-grade lymphoma histology.
The median survival for the subset of patients treated with this
combined modality therapy was 24.5 mo (range, 3 mo to 12 yr)
and 44 (61%) of these 72 patients achieved a complete remis-
sion.

4.8. TREATMENT OF DISSEMINATED DISEASE
After a staging evaluation has documented the extent of a

patient’s disease appropriate systemic therapy should be insti-
tuted based on the lymphoma subtype as discussed in Subhead-
ings 2.2. and 2.3. In this setting chemotherapy and/or
immunotherapy are usually administered if patients are other-
wise acceptable candidates for such treatment. The addition of
radiation therapy may also be beneficial in some cases, particu-
larly to locally control disease areas that are causing significant
neurological compromise.

4.9. NEED FOR SURGICAL TREATMENT
In general, the role of surgery for lymphomas has been to

provide diagnostic material. Before the availability of modern
imaging techniques such as CT scans, surgery was commonly
used for staging information as well (e.g., staging laparotomy).
However, in the setting of truly localized stage I disease, sur-
gical resection followed by radiation therapy may potentially
be curative for some patients.

After identification of an epidural spinal mass with no other
evidence of disease, decompressive laminectomy, and subtotal
resection have routinely been performed (41,43,51,65). This
approach is also appropriate if there is spinal cord compression
and a patient is not a candidate for radiation therapy to the
involved area. This includes instances in which there is a dis-
ease relapse after prior radiation therapy that prohibits addi-

Table 6
Primary Spinal Epidural Hodgkin’s Lymphoma

Reference N Median age S RT CT Outcome

73 1 54 1 1 — NED at 17 mo

74 1 56 1 — 1 CR (? duration)

46 1 46 1 1  1 CR at 21 mo

S, surgery; RT, radiation therapy; CT, chemotherapy; NED, no
evidence of disease; CR, complete remission.

Fig. 1. Magnetic resonance imaging of the spine from a patient at the
Cleveland Clinic Foundation with a primary spinal epidural large B-
cell non-Hodgkin’s lymphoma. (A) Sagittal T1-weighted sequences
demonstrate involvement of the L2 vertebra and the ventral as well as
dorsal epidural space with marked compression of the thecal sac (ar-
row); (B) corresponding axial T1-weighted post-contrast image again
confirming epidural involvement and canal compromise by the lym-
phoma.
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tional radiation from being administered or if neurological
deficits progress rapidly during radiation therapy (53). Suffi-
cient tissue should be obtained from surgery for diagnostic
testing, which includes immunophenotyping, cytogenetic
analysis, and molecular studies.

Perry et al. (47) found that of 18 undiagnosed lymphoma
patients presenting with spinal cord compression none were
functionally worse after laminectomy for decompression and
tissue diagnosis. If surgery is necessary Margulies et al. (53)
suggested that an anterolateral approach is preferable to one
from the posterior because most lymphomas enter the epidural
space anteriorly and are found anterior or anterolateral to the
spinal cord.
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1. INTRODUCTION

Carcinoma of the breast is the most frequent cancer in
women in the United States and the second leading cause of
cancer deaths. In the year 2005, it is estimated that more than
210,000 new cases will be diagnosed, while approx 40,000 will
die from the disease. A slight decrease in mortality has been
noted in recent years, attributable to improved screening prac-
tices as well as modest improvements in treatment (1).

Although widespread screening with examinations and
mammography has increased the proportion of women diag-
nosed with breast cancer at an earlier stage, approx 5 to 10% of
patients initially present with metastatic disease (2). Another
substantial group of women will present with large primary
tumors, nodal involvement, or other poor risk factors that put
them at great risk for eventual metastatic recurrence. Although
the use of adjuvant radiation, chemotherapy, and hormonal
therapy has been shown to improve outcomes in this group of
patients, cure remains elusive in a large percentage.

Studies have shown that more than 70% of patients with
metastatic breast cancer develop bone metastases in their life-
time. Of women who experience first relapse, one in three will
occur in the skeleton (3). The median survival after the first
diagnosis of a metastatic bone lesion is 2 yr, although overall
survival for women with metastatic breast cancer can range
from months to longer than 5 yr (4). Before documented meta-
static disease, lymph node involvement is the most reliable
predictor of future bone recurrence (5).

Skeletal complications can be expected in approximately
one-third of advanced breast cancer patients. These complica-
tions can include hypercalcemia, pathological fracture, and
spinal cord compression, in addition to pain that might precede

such complications (6). When considering metastatic disease
to the spine, treatment goals must include management of symp-
toms, prevention of complications, and treatment of complica-
tions should they arise.

Spinal cord compression owing to vertebral involvement
can be a source of significant morbidity in this patient popu-
lation. Any approach to management of such circumstances
requires careful evaluation by physicians specialized in mul-
tiple disciplines, including radiology, medical oncology, radia-
tion oncology, and surgery. The heterogeneity in outcomes
among this group of patients requires thoughtful consideration
as to the most appropriate short- and long-term management
strategies.

Although all treatment in such cases is palliative in nature,
many patients treated with aggressive, acute surgical manage-
ment, followed by systemic therapy, can obtain long-term sur-
vival measured in years. It is imperative to determine which
patients fall into this category. Although performance status is
certainly an important consideration, other prognostic factors
have been shown to have significance. One study found that
women with metastatic disease limited to bone lived an average
6 mo longer than women who also had extra-osseus involve-
ment. Other factors that proved to be of prognostic importance
included histological grade of the tumor, estrogen receptor
positivity, bone involvement at initial presentation, disease-
free interval, and age. Thus, the approach to long-term manage-
ment of patients with spinal cord compression, as well as other
metastatic complications, must be individualized by the involved
care team (7).

2. CLINICAL PRESENTATION
OF SPINAL METASTASES

Detection of metastatic lesions in the spine varies widely by
clinical situation. Whole body bone scans are commonly employed
as part of an initial staging evaluation. Although the role of such
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investigations is clear in patients with symptoms of bone
involvement, the role in asymptomatic patients is much less
apparent. Any area of abnormality on bone scan can be more
clearly defined via plain X-rays, computed tomography, or
magnetic resonance imaging (MRI).

Earliest spinal involvement, without concurrent complica-
tion, may manifest as only vague, localized pain. Acute wors-
ening of pain could indicate vertebral fracture with or without
impending neurological compromise, including nerve root
compression and spinal cord compression. Studies have shown
that the risk for vertebral fracture in women with breast cancer
is 5 to 20 times higher than that of age-matched controls,
depending on stage of disease (8). If neurological structures
become compromised, this can be manifested as progressive
lower extremity weakness, radicular pain, altered sensation,
gait disturbance, and change in bowel or bladder frequency (9).
Occasionally, routine serologies may detect hypercalcemia in
patients with no symptoms of bone involvement, which in this
population warrants a search for osseus involvement.

In patients with pain or neurological symptoms concerning
for spinal involvement, clinicians may choose to proceed by
defining the extent of disease with MRI without the use of
preceding bone scan. Although plain films are reliable at detect-
ing changes in bone and pathological fractures, more sophisti-
cated modalities, such as MRI, are sensitive in detecting
extension into surrounding tissues and compromise of neuro-
logical structures. When performed, MRI should include the
entire spine, as multiple levels can be involved simultaneously.

3. ROLE OF MEDICAL THERAPY
3.1. ANALGESICS
Pain is likely the first symptom that will be experienced by

patients with metastatic disease to the spine. Before more
definitive treatment, management of this symptom is a major
priority for clinicians. Unfortunately, pain control regimens
are frequently inadequate to handle the degree of pain experi-
enced by patients. One study of patients presenting for radia-
tion oncology evaluation revealed that nearly 80% rated pain
levels as moderate or severe despite prescribed analgesics (10).
On occasion, definitive radiotherapy or systemic treatment may
be necessary to obtain adequate pain control. However, relief
from these modalities is not immediate and may occur over
several weeks.

For mild localized pain, nonopioid analgesics, such as
acetaminophen or nonsteroidal anti-inflammatory drugs,
may be sufficient. However, more severe pain usually requires
the addition of narcotic pain medications (9). After initial titra-
tion with intravenous formulations, most patients can subse-
quently be converted to long-acting oral formulations with
shorter acting agents used for breakthrough episodes.

Corticosteroids, such as dexamethasone, are frequently
employed and are standard-of-care for patients presenting with
evidence of spinal cord compression. These agents reduce the
inflammation and edema associated with cord and nerve com-
pression, thus abating further neurological compromise. Pain is
diminished and neurological function may be preserved. High-
dose dexamethasone, defined as 100 mg iv bolus followed by

24 mg orally four times daily for 3 d, then tapered over 10 d, has
been shown to be superior to lower dose regimens in terms of
pain control and in increasing the number of patients who
remain ambulatory, though the latter is less consistent (11,12).

Neuropathical pain, which may be encountered when there is
nerve root involvement, may be resistant to standard analgesics.
Agents such as Amitriptyline, Carbamazepine, and Gabapentin
have been shown to be effective in this situation (9).

3.2. BISPHOSPHONATES
Bisphosphonates, such as clodronate, pamidronate, and

zoledronate, are compounds which inhibit osteoclast-mediated
bone resorption (13). Many roles for this class of drugs have
been clearly defined, whereas others remain in question.
Pamidronate, given as a 90-mg dose intravenously over 2 to 4 h,
is routinely used in the acute treatment of hypercalcemia, along
with aggressive hydration with normal saline (9). Also, studies
have shown that similar dosing of pamidronate, repeated every
4 wk, significantly reduces skeletal morbidity in breast cancer
patients with documented osteolytic lesions. Reductions were
noted in pathological fractures, hypercalcemia, and need to
radiate bone for pain relief (14).

In patients with pain syndromes secondary to bone lesions,
pamidronate has been shown to have modest benefit in pain
control when given in combination with systemic chemo-
therapy or hormonal therapy. However, treatment with
bisphosphonates should not displace routine analgesia, radio-
therapy, or surgical intervention if indicated in the acute man-
agement of cancer pain (15).

Attention has been given towards using bisphosphonates in
the adjuvant setting for patients with no evidence of metastatic
bone lesions. One such study using clodronate in patients with
primary breast cancer found a significant decrease in appear-
ance of both visceral and osseus metastases (13). However, a
subsequent study of node-positive patients found no such
improvement (3). The reason for this disparity is possibly
related to the inclusion criteria of each study, with the first
study requiring evidence of tumor cells in the bone marrow. It
is possible that such patients, who are at high risk for develop-
ing symptomatic bone metastases, will benefit from adjuvant
bisphosphonates, whereas those without marrow involvement
may not. Another explanation for the disparity in these studies
could be the small size of the study populations.

3.3. CHEMOTHERAPY
Subsequent to acute management of complications from

spinal metastases, definitive systemic treatment with chemo-
therapy, hormonal manipulation, or biological agents has been
shown to improve survival, although the vast majority of
women with metastatic involvement will die from their disease
(16). Multiple chemotherapeutic agents have been shown to be
active in metastatic breast cancer, including cyclophosphamide
(C), anthracyclines (Adriamycin [A]; Epirubicin [E]), methotr-
exate (M), and 5-flurouracil (F). Traditional treatment regi-
mens have included combinations of these agents, such as CMF,
FAC, FEC, and AC (17).

Recent meta-analysis of randomized clinical trials in meta-
static breast cancer arrived at several conclusions. It found
that combination chemotherapy yielded significantly higher
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response rates and improved overall survival compared to
monotherapy. However, this survival advantage has not been
proven in most randomized studies. Also, chemotherapy deliv-
ered at higher doses was associated with higher response rate
and, perhaps, improved survival compared to less intensive
dosing. However, these findings have been hard to reproduce
and must be balanced by the fact that polychemotherapy and
dose-intensive regimens are associated with a higher degree of
toxicity. Finally, although anthracycline-containing regimens
showed superiority in response rate, they did not seem to sig-
nificantly improve survival over regimens not including an
anthracycline (17).

Newer classes of agents have introduced that also have sig-
nificant activity in this disease. These include the taxanes,
paclitaxel, and docetaxel; a third-generation vinca alkaloid,
vinorelbine; an orally active pro-drug of 5-fluorouracil,
capecitabine; and gemcitabine among others (16,18,19). Until
very recently, these drugs were typically employed as second-
line agents or in the setting of anthracycline resistance. How-
ever, some of these agents, especially the taxanes, are now
being used more frequently as first-line treatment for meta-
static disease (16).

The apparent improved response rates and survival with
higher doses of chemotherapy have led investigators to exam-
ine the role of chemotherapy at doses that are, in fact,
myeloablative, followed by autologous or allogeneic stem cell
support. Though preliminary data showed promise, this has not
been proven to be an effective approach in this population and
remains investigational (16).

3.4. BIOLOGICAL AGENTS
The discovery that up to 25% of human breast cancers

overexpress HER2 has led to intense research into using this as
a target for treatment. The HER2 gene product is a transmem-
brane receptor possessing partial homology with the epidermal
growth factor receptor. It possesses an intrinsic tyrosine kinase
activity that may play a direct role not only in the pathogenesis
of tumors, but also in the apparent clinical aggressiveness of
tumors that overexpress HER2. Recombinant humanized
monoclonal antibodies directed against this receptor were ini-
tially shown to have activity as single agents with metastatic
breast cancer in which HER2 was overexpressed (20).

Subsequent studies have looked to improve on this response
rate by adding one such monoclonal antibody, trastuzumab, to
chemotherapy in women with metastatic breast cancer
overexpressing HER2. It has now been demonstrated in ran-
domized trials that the combination of antibody plus chemo-
therapy is associated with longer time to disease progression,
higher rate of response, longer duration of response, and longer
survival as first-line therapy in this patient population. This
effect was noted in regimens that contained anthracycline and
those that employed single-agent paclitaxel. Of note, however,
was the increase in cardiac dysfunction noted most prominently
in women treated with the anthracycline, cyclophosphamide,
and trastuzumab combination (21).

3.5. HORMONAL THERAPY
Hormonal therapy is the initial treatment of choice in women

with estrogen-receptor-positive tumors if they are asymptom-

atic and have limited disease. Specific medical treatments have
supplanted ablative procedures such as oopherectomy. These
include progestins, gonadotropin-releasing-hormone analogs,
antiestrogens, and aromatase inhibitors. Of women with meta-
static breast cancer, 20–35% respond to first-line hormonal
therapy. Of those who initially respond and subsequently
progress, many will respond to a second-, third-, or fourth-
line hormonal agent (16).

Tamoxifen, which acts by blocking the binding of estrogen
to its receptor, has been recognized as the standard first-line
treatment for advanced breast cancer in postmenopausal
women. Aromatase inhibitors, which block a critical step in the
production of estrogens, have been historically employed as
second-line agents after failure of tamoxifen. However, recent
studies have shown that one such agent, anastrazole, is at least
as effective as tamoxifen for first-line treatment, and associ-
ated with fewer side effects (22). Letrozole, another agent in
the aromatase inhibitor family, has been shown to be superior
to tamoxifen in a randomized trial (23). Therefore, these agents
are considered a suitable first-line therapy.

Studies have also investigated the relative efficacy of
aromatase inhibitors vs progestins. Anastrazole, letrozole, and
exemestane were each compared to megestrol acetate in ran-
domized trials and found to be superior in efficacy (24–26).

4. ROLE OF SURGICAL INTERVENTION

As previously stated, the heterogeneity of this patient popu-
lation must prompt the clinician to individualize any interven-
tion based on each particular patient’s treatment goals. Patients
who respond to initial systemic therapy have a good chance of
survival at 3 yr, with up to one-fifth surviving at 5 yr. By con-
trast, patients with extensive, unresponsive disease who have
limited life expectancy may not be appropriate for aggressive
surgical intervention. This stresses the importance of a multi-
disciplinary approach to individual patients. Unfortunately,
some retrospective reviews have found that orthopedic sur-
geons were consulted less than 50% of the time when it was
appropriate to do so (9).

Some patients who might benefit from early orthopedic
evaluation include those with pain exacerbated by movement
and relieved by rest, possibly indicating spinal instability.
Vertebral bodies that show 50% destruction with associated
pain are at high risk for fracture and also warrant surgical evalu-
ation. Patients with moderate deformity and collapse of verte-
bral bodies also fall into this category. Of course, patients with
documented spinal cord or nerve root compression must be
seriously considered for decompression followed by spinal
stabilization. Again, factors such as site and number of levels
effected, whether the compression is partial or complex,
fixability, duration, performance status, and predicted survival
must be taken into account prior to proceeding with any surgi-
cal intervention (9).

Drainage of the breasts via the azygous system contributes
to the propensity for metastases to the thoracic and lumbar
regions. Anterior decompression and reconstruction are the
most commonly employed surgical interventions in these situ-
ations. The rate of neurological improvement with this approach
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has been noted to be near 78%, compared to only 23% with
laminectomy alone. Posterior procedures may also be neces-
sary if anterior stabilization is not sufficient or feasible. This is
particularly true when instrumentation is required at the
cervicothoracic or lumbosacral junctions (27).

Other small series have evaluated the outcomes of surgical
interventions for patients with metastatic disease to the spine.
One study looked at 55 patients with thoracic and lumbar insta-
bility owing to spinal metastases treated with surgical stabili-
zation. Forty-nine patients obtained complete pain relief. Of
the 28 patients who showed clinical evidence of cord compres-
sion or cauda equina syndrome, 20 had major recovery of neu-
rological function. Although this group of patients carried a
wide range of diagnoses, breast was the leading primary site of
malignancy, occurring in 31 of the studied patients (28).

5. ROLE OF RADIOTHERAPY

Depending on the clinical scenario, radiation therapy may
be appropriate as single modality palliation, in concert with
systemic treatment, or as a postoperative adjunct in patients
with breast cancer metastatic to the spine. In terms of relieving
local pain from bone metastases, radiotherapy typically yields
some response in 70 to 80% of patients (9). If surgical interven-
tion is deemed unwarranted or inappropriate, radiotherapy may
be useful in the prevention or delay of compression fracture, as
well as in palliation of patients with cord compression. In
patients with spinal cord compression, cauda equina syn-
drome, or other nerve compression syndrome, radiation treat-
ment and steroid therapy should be initiated within 12 to 24 h
if the patient is not a surgical candidate. Primary treatment
goals with radiotherapy include pain relief, maintaining func-
tion, and prevention of further neurological compromise (10).

Several investigators have considered the utility of radiation
therapy in this clinical setting. One prospective study analyzed
130 consecutive patients with cord compression secondary to
metastatic disease. Twelve patients were initially approached
surgically because of spinal instability. Of 105 evaluable cases
that were treated with radiation alone, 80% showed improve-
ment in back pain, and nearly 50% of those with motor dysfunc-
tion showed some improvement in symptoms. More than 30%
of those without motor disability showed no deterioration over
the 15-mo median follow-up period. Of the 105 patients, 44 were
noted to have breast as the primary source of disease. These
patients tended to be more likely to respond to radiation therapy
and showed longer survival times, owing to the relative radio-
sensitivity and chemosensitivity of the disease (29).

Postoperative radiotherapy is generally recommended after
fixation of pathological fractures, stabilization of impending
fractures, or spinal decompression and stabilization. Treatment
with external beam radiotherapy should begin 2 to 4 wk after
surgery, depending on the speed of wound healing. Radiation
after surgical procedures for previously unirradiated long bones
and acetabular lesions has been shown to decrease the need for
repeat surgeries and improve functional status (10). It is pos-
sible that this may hold true for spinal lesions as well.

6. SUMMARY

Although progress has been made in prevention and treat-
ment of breast cancer, the vast majority of patients with meta-
static disease will eventually die from the illness. The main
goals of treatment remain palliation of symptoms and prolon-
gation of survival. Chemotherapy, hormonal manipulation,
radiation, and surgical intervention all play important roles in
achieving these goals (16). Cooperation among medical
oncologists, radiation oncologists, and surgeons is vital in de-
termining the appropriate use of these tools.
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1. INTRODUCTION

Among the major genitourinary neoplasms, prostate and
renal cell carcinomas rank high among all epithelial neoplasms
in the relative incidence of both bone metastases and spinal
cord compression (1,2). Although advanced urothelial cancers
(primarily bladder cancer) represent a relatively small number
of patients, this neoplasm too has a relatively high predilection
to spread to bone (3). Although the fundamental management
issues of skeletal metastases are similar within these neoplasms,
the systemic therapies utilized to treat these diseases are very
different; hormonal therapy for prostate cancer, immuno-
therapy for renal cell cancer, and systemic chemotherapy for
advanced urothelial cancers. The relative effectiveness of these
diverse therapies impact on some important aspects of the man-
agement of metastatic disease to the spine in patients with these
neoplasms.

2. PROSTATE CANCER
2.1. EPIDEMIOLOGY AND ETIOLOGY
In 2005, it is estimated that there will be approx 232,000 new

diagnoses of prostate cancer in the United States representing
33% of all cancer cases affecting men and more than 30,000
deaths related to this disease (4).

The etiology of prostate cancer is complex and multifacto-
rial, involving a spectrum of genetic and environmental fac-
tors. Several prostate cancer susceptibility and aggressiveness
loci have been reported, however, the current available data
suggests that no major gene accounts for a large proportion of
susceptibility to the disease (5). Although recognized only
recently, prostate cancer like many other common epithelial
neoplasms has a recognized familial component (6). Men with
a father or brother affected with prostate cancer have a life-time

relative risk (RR) of 2 of developing the disease. The RR
increases to 3 if either brother or father are younger than 60
at diagnosis and to a RR of 4 if both are affected at an early age (7).

Androgens such as testosterone are known to be strong tu-
mor promoters, activating via the androgen receptor to stimu-
late cell division and enhance the effect of endogenous and
exogenous carcinogens. Prostate cancer risk is more than 50%
higher in African-American men than in Caucasian Americans,
and two- to threefold lower in native Chinese and Japanese
men. In part, these differences may be explained by ethnic dif-
ferences in circulating levels of free testosterone or genes asso-
ciated with androgen synthesis (8).

2.2. THERAPY OPTIONS FOR ADVANCED PROSTATE
CANCER

In the era prior to prostate-specific antigen (PSA), the major-
ity of patients presenting with advanced disease had evidence of
bone metastases with symptoms of pain, progressive fatigue,
and anorexia. One of the more remarkable consequences of the
widespread clinical application of PSA testing in the manage-
ment of prostate cancer has been a significant stage migration
with a dramatic decline in the numbers of patients presenting
with clinically advanced disease (9). With the presumption that
earlier diagnosis and therapy may result in an increased likeli-
hood of cure, a substantial number of patients are undergoing
curative intent therapy (i.e., radical prostatectomy, radio-
therapy). Approximately one-third of prostate cancer patients
with clinically localized disease treated with radical prostate-
ctomy develop evidence of biochemical failure during long-
term follow-up (10). Thus, the downstream impact of our
current prostate cancer screening and therapeutic strategies has
created a new subset of prostate cancer patients, those with
evidence of disease recurrence, biochemically (PSA) defined,
potentially representing thousands of patients per year in the
United States alone (11). Some of these patients are being
treated with hormonal therapy before the demonstration of clini-
cal metastatic disease resulting in another subset of patients,
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those with PSA-only evidence of disease who are androgen-
independent. Ultimately most patients with evidence of bio-
chemical failure will likely develop disease progression and
hormonal therapy has been the primary therapeutic modality
for 60 yr (12,13).

Androgen ablation options for patients with advanced pros-
tate cancer include orchiectomy, luteinizing hormone-releas-
ing hormone analogs (LHRH), combined androgen ablation,
antiandrogen monotherapy, and intermittent hormonal therapy
(14). Although a complete review of these approaches is beyond
the scope of this chapter, there are some points relevant to the
management of patients with metastatic disease to the spine.
Although bilateral orchiectomy and medical castration with
LHRH analogs has been demonstrated to be therapeutically
equivalent, LHRH analogs have become the defacto standard
of care for men with metastatic prostate cancer and are typically
administered via either subcutaneous or intramuscular 3 or 4 mo
depot injections (15). These agents may cause an initial surge in
testosterone (testosterone flare) in 5 to 10% of men that can be
mitigated by concomitant administration of antiandrogens.
Castrate levels of testosterone are typically obtained between
d 14 and 21. Given the time to development of castrate levels
of testosterone, patients presenting with impending or frank
spinal cord compression should be managed with bilateral
orchiectomy given evidence that serum testosterone reaches
castrate levels in a mean of 3 h (16).

Although androgen deprivation therapy for metastatic pros-
tate cancer is a highly effective therapy with response rates in
the 70 to 90% range, it is not a curative intervention, with
median duration of response in the 12–18 mo range. Once the
disease process becomes refractory to hormonal therapy (with
clinical progression, i.e., bone and soft tissue metastases) median
survival is in the 6 to 9 mo range. Any current discussion of
survival of patients with prostate cancer needs to be within the
context of the dramatic stage migration that has occurred over
the past 10 to 15 yr as previously discussed. Patients with evi-
dence of biochemical, i.e., PSA failures following definitive
therapy, may have prolonged survival periods, with a recent
experience reporting a median survival from PSA failure to
death from prostate cancer being a median of 13 yr (12).

 2.3. SPINAL INVOLVEMENT
Bone is the primary site of metastatic disease in prostate

cancer as evidenced by an incidence of 85 to 100% in patients
who die of the disease (17). The most common site of bone
metastases in prostate cancer is the spine, followed by the femur,
pelvis, ribs, sternum, skull, and humerus (18). Although bone
metastases from prostate cancer are typically osteoblastic, his-
tological and biochemical studies clearly indicate an increase
of both bone formation and bone resorption (19).

Given the high rate of bone metastases in prostate cancer
with a predilection for the spine as a primary location, elucidat-
ing the underlying mechanism of this somewhat unusual phe-
nomenon has long been of interest to clinicians and
investigators. More than 60 yr ago Baston suggested that pros-
tate carcinoma cells reach the lumbar vertebrae via the verte-
bral venous plexus (Batson’s plexus). This hypothesis was
based both on the observation of an unusually high prevalence

of lower spine metastases from autopsy series and cadaver
experiments showing that contrast liquid could flow from the
prostatic veins to higher segments of the spine in the setting of
increased intra-abdominal pressure (20). Although a few sub-
sequent reports supported Batson’s hypothesis, other investi-
gators concluded that a systemic route of spread for metastases
was more likely (21). More recent work has focused on tumor
specific features that may enhance either metastatic potential
or site specific microenvironmental factors that may provide a
selective advantage for tumor invasiveness and growth (21).

2.4. SPINAL METASTASES, CORD COMPRESSION,
CLINICAL ISSUES

2.4.1. Clinical Presentation, Radiographic Evaluation
Patients with spinal metastases from prostate cancer most

frequently present with complaints of pain. Given that the most
men with prostate cancer present in their 60s and 70s, comorbid
conditions, such as osteoarthritis, are prevalent complicating
the initial clinical evaluation of patients. The most problematic
presentation of spinal metastases is in association with spinal
cord compression, which develops most commonly as a result
of metastases that involve the vertebral body and with exten-
sion into the spinal canal. Spinal cord compression has been
reported to occur in approx 10% of prostate cancer patients at
some time during the disease course (22,23). Prostate cancer
patients with spinal cord compression typically present with
pain, weakness, autonomic dysfunction, and sensory loss (24).
Pain is unequivocally the most common presenting symptom
with retrospective prostate cancer series reporting this finding
in 75 to 100% of patients with spinal cord compression. How-
ever, in one prospective study, 41% of patients were pain free
at the time a spinal cord compression was documented (23).

The radiographic evaluation of patients with advanced pros-
tate cancer and back pain is guided in part by the patient’s
disease status and the history and physical exam. Newly diag-
nosed patients with advanced prostate cancer (with screening
and stage migration, a relatively uncommon presentation today)
typically will undergo radionucleotide bone imaging to assess
the extent of bone involvement. Although sensitive, bone scans
have a low specificity. False-positive scans can occur because
of trauma, degenerative disease, or Paget’s disease. In patients
with newly diagnosed, clinically organ-confined disease how-
ever, the likelihood of a positive bone scan due to metastases
has been demonstrated to be 0.6 and 2.6% for those with serum
PSA concentrations between 10.1 and 15 ng/mL and 15.1 and
20 ng/mL, respectively (25). On the basis of these studies, many
urologists will not obtain a baseline bone scan in patients with
newly diagnosed, early-stage, asymptomatic prostate cancer
who have serum PSA concentrations of less than 15 to 20 ng/
mL. Therefore, when some of these patients develop disease
progression and present with new back pain a previous bone
scan will frequently not be available.

When a patient with prostate cancer presents in the office
with new or worsening, chronic back pain, the initial radio-
graphic evaluation should consist of plain radiographs of the
spine (Fig. 1). These films can typically be obtained the same
day and may provide information regarding concomitant degen-
erative disease, the presence of obvious blastic or lyticmetastases
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and/or evidence of bony destruction. Although plain radio-
graphs are more than 90% sensitive and 85% specific for dem-
onstration of abnormalities in patients with symptomatic spinal
metastases, false-positive rates may be as high as 20% and
autopsy series indicate that as many as 25% of spinal lesions are
invisible on radiography (26,27). Subsequent bone scan imag-
ing will allow a more thorough evaluation for the presence of
metastatic disease.

If the patient presents with moderate-severe pain, neuro-
logical deficits on exam, a history of loss of bowel or bladder
function, plain films demonstrating bony destruction, or if the
clinicians index of suspicion suggests the potential for a spinal
cord compression, then an magnetic resonance imaging (MRI)
is required on a urgent basis. The MRI scan is the gold standard
for the evaluation of the spine. Generic recommendations for
patients with any neoplasm with suspected spinal cord com-
pression typically include complete spine MRI, especially when
there is high risk for skip lesions. In some centers, the cervical
spine is not imaged routinely in this setting (in the absence of
clinical or plain film findings) because it adds significantly to
acquisition time. Some have advocated obtaining scout whole-
spine sagittal MRI images to avoid missing noncontiguous sites

(21). In prostate cancer patients with suspected spinal cord
compression (without cervical spine symptoms, clinical find-
ings, or plain film evidence of bony destruction) MRI of the
thoracic and lumbar-sacral spine with and without gadolinium
should be the minimum study obtained. Given the high fre-
quency of involvement of both the lumbar and thoracic spine,
failure to image both areas may compromise radiotherapy if
untreated lesions become symptomatic and are detected at a
later time.

2.4.2. Therapy of Spine Metastases, Spinal Cord Compression
The initial therapeutic maneuver in the hormone naïve pa-

tient who presents with new bone or soft tissue metastases is to
initiate androgen ablation therapy to induce castrate levels of
testosterone. Androgen ablation options for patients with ad-
vanced prostate cancer include, LHRH or bilateral orchiec-
tomy. Although orchiectomy remains the gold standard,
patients are increasingly opting for medical therapy with LHRH
analogs in part because of the psychological implications of
surgical castration. Although therapeutically equivalent to
LHRH analogs, orchiectomy remains the treatment of choice
for patients presenting with spinal cord compression or diffuse,
painful bone metastases as it leads to the rapid achievement of

Fig. 1. Treatment algorithm for prostate cancer patients with back pain.



126 DREICER

castrate levels of testosterone (hours) compared to the 14 to 21 d
required for LHRH analogs (16). Patients who opt for medical
castration despite the issues previously noted, must be started
concomitantly on an antiandrogen or other agents to block the
potential testosterone flare seen in approx 10% of patients who
initiate therapy with an LHRH analog (14).

For the majority of patients who are androgen-independent,
management of spine metastases in the absence of spinal cord
compression involves consideration of the patient’s current
disease status, clinical condition, and prior therapy. Patients
with bone metastases from prostate cancer may experience
periods of pain followed by near or total resolution without
specific intervention. Initial evaluation will typically include
plain radiographs and a bone scan. Although nonsteroidal anti-
inflammatory agents may be helpful initially, most patients
will require opioids analgesics with an appropriate prophylac-
tic bowel regimen while the evaluation is underway.

External beam radiotherapy has been the mainstay of the
management of painful bone metastases for decades. Radio-
therapy has a proven role in palliation of pain from bone
metastases with numerous randomised trials obtaining response
rates in the 70 to 90% range (28). Although the efficacy of
radiotherapy is not in doubt, the optimal dose and fractionation
schema remains controversial. Advocates of a single large
radiotherapy fraction (8–10 gy) point to the potential for rapid
response and convenience, critics note an increased toxicity
profile and that a decrease in total dose may compromise the
duration of response. Prolonged schedules (40 gy in 20 frac-
tions/50 gy in 25 fractions) result in less acute toxicity and may
provide longer control but are problematic for many patients.
Typical treatment schedules in North America consist of 20 gy
in 5 or 30 gy in 10 fractions (28).

Patients with multiple bony sites of metastatic disease or
those with progression in areas previously treated with exter-
nal-beam therapy may benefit from systemic therapies includ-
ing chemotherapy or bone-seeking radioisotopes.

Historically, chemotherapy for advanced prostate cancer
was widely held to be toxic and without any clinically mean-
ingful benefit (29). In 1996, Canadian investigators reported
the results of a phase III study in which patients with symptom-
atic advanced prostate cancer were randomized to receive either
prednisone alone or mitoxantrone and prednisone. This trial was
unique in that the primary end-point of this study was a pallia-
tive response defined by decrease in pain and analgesic require-
ments. A palliative response was observed in 29% of patients
treated with mitoxantrone and prednisone vs 12% in those
treated with prednisone alone. Although patients treated in the
chemotherapy-containing arm demonstrated a significantly
longer period of palliation (43 vs 18 wk), no survival difference
was demonstrated (30). Subsequently, the results of Canadian
study were confirmed by a second multicenter phase III trial
leading to an Food and Drug Administration (FDA) indication
for advanced prostate cancer for mitoxantrone (31).
Mitoxantrone is typically administered with a short iv infusion
once every 3 wk as an outpatient with 10 mg of prednisone in
divided doses administered daily. Palliation of bone pain and
other disease-related symptoms (fatigue, cachexia, and so on)

may be seen relatively promptly. Patients without a clinical
response after one to two cycles of therapy are not likely to
obtain symptomatic improvement.

Although mitoxantrone-based therapies have the ability to
palliate a subset of patients, the response rates are modest with
a low objective response rate and no evidence of survival. Given
the low response objective response rates with mitoxantrone,
other antineoplastics with alternative mechanisms of actions
were explored. Phase II trials with taxane-based therapies with
targeted microtubular function demonstrated intriguing levels
of activity leading to two landmark randomized phase III stud-
ies that compared these regimens to mitoxantrone plus pred-
nisone. TAX327 compared docetaxel plus prednisone to
mitoxantrone plus prednisone. The study included both a tri-
weekly (75 mg/m2 every 21 d) and a weekly (30 mg/m2

weekly for 5 wk, repeated every 6 wk) docetaxel arm. A
survival advantage was reported for triweekly docetaxel plus
prednisone (but not weekly docetaxel plus prenisone) over
mitoxantrone plus prednisone. Median survival was 18.9 mo
for triweekly docetaxel plus prednisone and 16.4 mo for
mitoxantrone and prednisone, a 24% reduction in the hazard of
death (p = 0.009). Pain response was also more common with
triweekly docetaxel (35%) than with mitoxantrone (22%, p =
0.01) (32). SWOG 9916 compared triweekly docetaxel plus
estramustine (docetaxel 60 mg/m2 escalated to 70 mg/m2 on d 2
and estramustine 280 mg three times daily on d 1–5 adminis-
tered on a 21-d cycle) to mitoxantrone and prednisone and also
demonstrated a survival advantage for the docetaxel-contain-
ing arm (median 18 mo vs 16 mo, 20% reduction in the hazard
of death, p = 0.01). In both studies, grade 3 or 4 toxicity was
somewhat  more common with docetaxel than with
mitoxantrone. These two studies are the first to show a survival
benefit with chemotherapy in AIPC and establish docetaxel
administered every 21 d as a standard drug in AIPC (33).

Radiopharamaceuticals represent another systemic therapy
option for patients with multiple painful bony metastatic sites.
Strontium-89, the first radiopharmaceutical approved for use
in the United States is a pure ⇓-emitting radioactive analog of
calcium that selectively irradiates metastatic sites in bone while
generally sparing normal bone tissue. Other radiopharmaceu-
ticals either approved or in clinical trials include samarium 153
ethylenediaminetetramethylene phosphonate, rhenium 186
hydroxyethylidene diphosphonate, and tin 117m (4�) diethyl-
ene triaminepentacetic acid. Studies suggest that 60 to 80% of
patients with prostate cancer derive a palliative benefit from
systemic administration of bone-seeking ⇓-emitting radiophar-
maceuticals (34).

Recently, the concept of “bone-targeted” therapy has
emerged, involving a combination of chemo-hormonal therapy
with bone-specific agents, such as Strontium-89, with one early
clinical trial suggesting a potential impact on survival of this
approach in advanced prostate patients (35).

3. RENAL CELL CARCINOMA CANCER

3.1. EPIDEMIOLOGY AND ETIOLOGY
Malignant tumors of the renal pelvis and kidney (the vast

majority being renal cell carcinoma) represent approx 2% of
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new cancer diagnoses in the United States with an estimated
22,500 new cases and 8000 cancer deaths (4). The highest in-
cidence is in individuals in the seventh decade with a median
age at diagnosis of 66 yr and there is an approx 60:40 male
predominance. There has been a significant increase in the in-
cidence of renal cell carcinoma over the past 40 yr with evi-
dence of a stage migration with increasing numbers of patients
with localized tumors (36). This phenomenon may be partially
explained by the discovery of increasing numbers of asymp-
tomatic tumors as a consequence of the ubiquitous application
of non-invasive abdominal imaging including computed to-
mography, ultrasound, and MRI (37).

Like breast cancer, colon cancer, and retinoblastoma, renal
cancer occurs in both a sporadic (nonhereditary) and a heredi-
tary form with at least four forms of hereditary renal cell car-
cinoma currently recognized. In 1993, the von Hippel-Lindau
(VHL) gene was first identified and has been found to be
mutated in a high percentage of tumors and cell lines from
patients with sporadic (nonhereditary) clear cell renal carci-
noma (38,39).

3.2. THERAPY OPTIONS FOR ADVANCED RENAL
CANCER

Although progress against many of the major epithelial neo-
plasms has been achieved over the last decade, the outlook for
patients with metastatic renal cell carcinoma remains very poor
with a 5-yr survival rate of less than 10% (40).

In contrast to the utility of chemotherapy in many epithelial
cancers, to date the results have been dismal in renal cell car-
cinoma with the majority of studies reporting response rates in
the 5 to 10% range (41). Resistance to these agents has been
ascribed to high levels of expression of P-glycoprotein (the
multi-drug resistance [MDR] gene product-1), however stud-
ies performed with MDR inhibiting agents have not demon-
strated improvements in response rates with antineoplastics
agents such as vinblastine (42).

Renal cell carcinoma has long been seen as a model for the
investigation of biological response modifier therapy because
of the long-recognized biological “eccentricities” of this dis-
ease manifested by well documented cases of spontaneous

regression of metastatic disease and the occasional patient
with metastatis who does well for long time periods without
any specific therapeutic intervention.

Two cytokines, interferon (IFN)-α and interleukin (IL)-2
produce tumor regressions in 10 to 15% of patients with meta-
static disease (43). In a review of IFN-α in 1042 patients, the
overall response rate was 12% (44). Responses are typically
confined to patients with good performance status and lung-
predominant metastatic disease, other factors, such as prior
nephrectomy and longer disease-free progression interval, are
also predictive of response. Randomized trials (Table 1) com-
paring IFN vs medroxyprogresterone or vinblastine suggests a
modest survival advantage for patients treated with IFN-α (43).

High-dose IL-2 was approved by the FDA for use in advanced
kidney cancer based on results of studies conducted by the IL-2
working group demonstrating a 7% complete and 8% partial
response rate in 255 patients. Median survival was 16.3 mo for
all patients with 10 to 20% alive at 5 to 10 yr following therapy
(42). High-dose IL-2 is associated with significant toxicities
and requires an experienced group of physicians and nurses
providing supportive care for optimal results. Lower dose regi-
mens of IL-2 have been evaluated with response rates reported
in the 15 to 20% range (42). The von Hippel-Kindau gene
inactivation and subsequent vascular endothelial growth fac-
tor (VEGF) overproduction has been increasingly identified as
an important target in clear cell carcinoma of the kidney (45).
Three agents that affect various aspects of VEGF activity have
been demonstrated to have intriguing levels of anti-tumor ac-
tivity in renal cancer, these include bevacizumab (avastin),
SU-11248 (Sutent) and Bay 43-9006 (sorafenib). Phase III tri-
als of these agents of ongoing and may lead to a new treatment
paradigm of this difficult epithelial cancer (45).

The role of nephrectomy in patients with metastatic disease
has, until recently, been limited to very small numbers of patients
with intractable pain or bleeding, however, recent evidence from
two randomized trials suggests that patients with optimal perfor-
mance status who are planning to receive biological response
modifier therapy may have improved outcomes after undergoing
resection of the primary renal neoplasm (46,47).

Table 1
Randomized Trials of Biological Response Modifier-Based Therapies in Metastatic Renal Cell Carcinoma

Therapy Reference No. of patients Overall response rate (%) Survival benefit

IFN-α 63 167 16 Yes (p = 0.011)
Medroxyprogesterone 168 2
IFN-α + vinblastine 64 79 16 Yes (p = 0.0049)
Vinblastine 2
IFN-. 65 98 4.4 No (p = 0.54)
Placebo 99 6.6
IL-2 + IFN-α 46 70 1 No (p = 0.1)
IL-2 + IFN-α + 5 Fluorouracil 61 5
IL-2 66 138 6.5 No (p = 0.55)
IFN-α 147 7.5
IL-2 + IFN-α 140 18.6

IL, interleukin-2; IFN, interferon.
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3.3. RENAL CARCINOMA: SPINAL INVOLVEMENT,
CORD COMPRESSION, CLINICAL MANAGEMENT

Osseous metastases occur in 25 to 50% of patients with
metastatic renal cell, ranking fourth in spinal metastatic inci-
dence behind, lung, breast, and prostate cancer (48,49). In
patients with bone metastases the spine is the most common
location (49%) followed by ribs (39%), ileum (30%), and
femur (27%) (50). The incidence of spinal cord compression
in patients with renal cell carcinoma is not well defined with
one large retrospective series identifying only 3 such patients
among more than 161 patients with renal cell carcinoma cancer
diagnosed over a 9-yr period (51).

Initial evaluation of patients with suspected osseous
metastatases should include a bone scan and directed plain
radiographs. Patients presenting with signs and symptoms
worrisome for epidural cord compression should be evaluated
with contrast MRI studies of the spine.

Although historically considered a relatively radio-resistant
neoplasm (52), there is both experimental and clinical evidence
of the effectiveness of external beam radiotherapy in the man-
agement of painful bone metastatic sites (53). In patients with
a known diagnosis of metastatic renal cell carcinoma with a
stable spine who present with spinal cord compression, radio-
therapy represents an effective therapeutic intervention.

In patients with epidural compression in previously irradi-
ated areas or those with unstable spinal lesions or painful meta-
static sites unresponsive to radiotherapy, there is evidence to
support the role of surgical therapy. Jackson et al. (54) reported
on 79 patients with metastatic renal cell carcinoma to the spine
managed with a variety of anterior, posterior, or combined
approaches. Preoperative embolization and radiotherapy was
utilized in approx 50% of the patients, all but three underwent
internal fixation. Significant pain reduction was reported in
89% of patients with neurological improvement in 65% of 66
patients (54).

4. BLADDER CANCER
4.1. EPIDEMIOLOGY AND ETIOLOGY
In 2005, it is estimated that there will be approx 47,000 new

diagnoses of bladder cancer with approx 9000 deaths because
of the disease (4). Bladder cancer is the fourth most common
cancer in men and the seventh most common in women. The
incidence of bladder cancer increases with age with a peak
incidence in the seventh decade of life. The reason for this
increasing prevalence among older patients is not known, how-
ever, various factors including greater potential duration of
exposure to carcinogens and diminished ability to repair DNA
damage has been proposed (55). Cigarette smoking is the most
important risk factor, although work in the dye, rubber, or
leather industries is also strongly associated with bladder can-
cer (56). Women in the United States have incidence and mor-
tality rates from bladder cancer that are approximately
one-quarter to one-third those of men (57).

Bladder cancer in North America and Western Europe pre-
sents predominantly as transitional cell carcinoma and can be
thought of as two interrelated disease processes. The majority
of patients (approx 75%) present with superficial disease (not
invading musclaris propria) and are managed for recurrent dis-

ease on an ongoing basis with cystoscopic examination, resec-
tion, and, in selected patients with intravesical, administration
of chemotherapy or biological response modifiers. Although
20 to 25% of patients with superficial bladder cancer will
progress into muscle invasion, the majority (up to 90%) of
patients presenting with muscle-invasive disease have this find-
ing at their initial presentation without a previous history of
superficial bladder cancer (58).

4.2. THERAPY OPTIONS FOR ADVANCED BLADDER
CANCER

Metastatic transitional cell carcinoma of the bladder is an
aggressive neoplasm characterized by rapid growth and dis-
semination with a median survival typically less than 1 yr.
Despite the availability of a myriad of antineoplastics with
moderate-significant anti-tumor activity yielding overall response
rates in the 40 to 80% range, randomized trials continue to dem-
onstrate median survival rates in the 13 to 14 mo range, with
very limited long-term survival (59).

Advanced transitional cell carcinoma is a moderately
chemosensitive neoplasm. Although the methotrexate, vinblas-
tine, doxorubicin, cisplatin (MVAC) regimen has been the stan-
dard of care for more than a decade, the limitations of this
regimen was recently highlighted by the update of the Inter-
group trial which compared cisplatin and MVAC in patients
with advanced urothelial cancer. With a minimum follow-up of
6 yr, only 3.7% of patients treated on the MVAC arm were alive
and disease-free, emphasizing the need to seek alternative thera-
peutic options (60). The optimal choice of chemotherapy for
previously untreated patients with metastatic disease remains
controversial. Cisplatin-based regimens such as MVAC pro-
duce response rates in the 40 to 70% range with some patients,
albeit a very limited number, achieving long-term survival
(Table 2). The toxicity profile associated with this regimen is
well known and includes relatively high rates of mucositis and
myelosuppression and the use of this and other cisplatin-based
regimens are limited to patients with relatively normal renal
function. In the last 5 to 10 yr, newer agents have been brought
into clinical practice including paclitaxel and gemcitabine.
These drugs have significant single-agent activity in previously
untreated patients with response rates of 42% and 20 to 30%,
respectively (2,3). Chemotherapy combinations widely utilized

Table 2
Randomized Trials of Chemotherapy

in Metastatic Urothelial Cancer

Overall
No. response

Therapy Reference of patients rate (%) Survival benefit

Cisplatin 67 126 39
MVAC 120 12 Yes (p = 0.0002)
CISCA 68 48 46
MVAC 54 65 Yes (p = 0.000315)
Gemcitabine 69 203 49 No (p = 0.75)

+ cisplatin
MVAC 202 46

MVAC, methotrexate, vinblastine, doxorubicin, cisplatin; CISCA,
cyclophosphamide, doxorubicin, cisplatin.
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to treat advanced disease include MVAC, gemcitabine plus
cisplatin, and carboplatin plus paclitaxel. In selected patients
with primarily soft-tissue metastatic disease achieving sig-
nificant clinical response, adjunctive surgical resection may
improve patient outcome (61).

4.3. SPINAL INVOLVEMENT, CORD COMPRESSION,
CLINICAL MANAGEMENT

Bone is second only to lymph nodes as the most common
metastatic site for transitional cell carcinoma of the urothelium
with one large series reporting up to 35% of patients developing
osseous metastatic disease (3). In the series reported by
Sengelov et al. (3), the spine was the most common location for
bone metastases (40%) followed by the pelvis (26%), femurs
(10%), and ribs (10%). The incidence of spinal cord compres-
sion in patients with urothelial carcinoma is poorly characterized
with one large retrospective series identifying only 1 patient
among more than 772 patients with urothelial neoplasms can-
cer diagnosed over a 9-yr period (51).

Initial evaluation of patients with suspected osseous
metastatases is typical of that of other solid tumors and should
include a bone scan and directed plain radiographs. Patients
presenting with signs and symptoms worrisome for epidural
cord compression should be evaluated with contrast MRI stud-
ies of the spine.

Patients with spinal bone metastases without evidence of a
spinal cord compression are typically managed with involved
field radiotherapy. Chemotherapy may be palliative in patients
with multiple sites of metastatic disease, however, bone metastases
is a poor prognostic factor in terms of chemotherapy response
rates and survival (62).

Patients with evidence of spinal cord compression with a
stable spine no prior radiotherapy to the area involved should
be managed with radiotherapy. Patients with prior radiotherapy
or those whose disease progresses while receiving radiotherapy
require surgical management.
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1. INTRODUCTION

Among 965,000 new patients with cancer occurring yearly
in the United States, bone metastases will eventually develop
in 30 to 70% (1). The most common site of metastases is the
spine occurring in 50 to 70% of those with bone metastases (1).
In adults, malignant bone tumors arise most frequently from
extraosseous epithelial primaries, whereas children usually
have primaries from within bone (2). Primaries most commonly
associated with bone metastases are breast, prostate, lung, kid-
ney, and thyroid carcinoma (1,3). Pain occurs in some, but not
all, bone metastases as 33 to 50% of patients with skeletal
metastases do not have pain (4). The experience of pain is not
particular to gender or primary tumor-related, nor is it predict-
able based on radiological appearance. The primary site of
malignancy remains unidentified in 10% of patients with skel-
etal and spinal metastases. In most series of bone and spinal
metastases, gastrointestinal primaries make up a similar per-
centage of those with unknown primaries (3). The distribution
of metastases within the spine follows the same pattern regard-
less of the primary site with few exceptions (3). Spinal cord
compression is the most feared complication of spinal metastases
and the distribution of metastases within the spine does not cor-
relate with the same risk of cord compression. The thoracic
spine is most vulnerable.

Spinal metastases from gastrointestinal cancers have not
been systematically reviewed. The available literature is piece-
meal among retrospective reviews and case series of bone
metastases and epidural spinal cord compression (ESCC) asso-
ciated with solid tumors. As a result, a review of the subject will
be limited by bias associated with reporting small series of
patients, case reports, and retrospective reviews. With the avail-
able literature, the characteristic features pertaining to inci-
dence, prevalence, clinical and radiographic findings, as well
as prognosis will be reviewed. Treatment is not uniquely devel-
oped for gastrointestinal spinal metastases but falls into the
category of radio-resistant- and chemotherapy-resistant tumors.
Radio-resistance and chemotherapy resistance has important
prognostic and perhaps therapeutic implications. Several impor-
tant points will be made in this regard.

2. PATHOPHYSIOLOGY

2.1. GENETICS
Multiple genetics and epigenetic alterations in oncogenes,

tumor supressor genes, cell cycle regulators, cell adhesion
molecules, growth factor receptors, and mismatch repair genes
are involved in the genesis of gastrointestinal cancers. None are
unique to a particular cancer and none predict or are associated
with the development of bone metastases (5). Genetic instabil-
ity is associated with the initial step in gastric and colorectal
cancers but rarely found with esophageal cancers (5). Increased
telomerase activity is found in most gastrointestinal cancers, as
is the activation of P53 gene and anomalous expression CD44.
Amplification of cyclin D1 is commonly found with gastric



132 DAVIS

cancer and cyclin E in gastric and colorectal cancer (5). Reduced
expression of cyclin-dependent kinase inhibitors p16MTSI and
P27KIPI is often found. Amplification of the oncogene C-met
and K-sam preferentially occurs in poorly differentiated gastric
cancers where amplification of C-erbB2 and loss of
hetereogenity of the P73 genes are particularly found in well
differentiated gastric cancers (5). Knowing the molecular “fin-
gerprint” of a particular primary gastrointestinal cancer pro-
vides an improved histopathological identification of
metastases and, hopefully, will provide information about behav-
ior and allow for selective targeted therapy in the future.

2.2. MICROSCOPIC PATHOLOGY
Micrometastasis of tumor cells to the bone marrow occur in

25 to 75% of patients with common malignancies (6). Not all
micrometastases grow to become clinically significant lesions.
The formation of metastases depends in part on the synergistic
relation between cancer cells, osteoclasts, and tumor-associ-
ated macrophages. Malignant cells secrete factors that stimu-
late osteoclastic cells both directly and indirectly (7). Cancer
cells release parathyroid hormone-related protein promoter,
transforming growth factor-⇓, interleukin (IL)-1, IL-6, and IL-11,
epidural growth factor, as well as tumor necrosis factor-⇓ and -α,
which stimulates osteoclasts leading to bone lysis (6,7). Bone
metastases will depend on elaboration of these mediators. Osteo-
blasts have receptors for several cellular growth factors and also
control bone resorption by influencing osteoclasts (7). Release
of bone-derived growth factors and cytokines from resorbing
bone attracts cancer cells and stimulates their growth and divi-
sion (7).

2.3. ANATOMY
Metastatic bone disease produces a greater visualized skel-

etal damage than suspected for tumor burden at that site (7).
The vertebrae is the most frequent site of bony metastases.
Autopsy series indicate that 70% of patients with skeletal
metastases have vertebral deposits (8). This is owing, in part,
to the well-vascularlized hematopoietic bone marrow found in
vertebral bodies. The spread of tumor cells occurs directly and
most frequently as a result of hematogenous spread rather than
by retrograde flow through the venous plexus of Batson drain-
ing the epidural space. Five to ten percent of venous blood,
derived from abdominal viscera from both the portal and caval
systems, drains into the valveless paravertebral venous plexus
that functions as a portosystemic shunt (8). Increases in
intraabdominal pressure associated with cough, sneeze, vom-
iting, or Valsalva maneuver spreads gastrointestinal tumor cells
in a retrograde fashion to the epidural space because of the
valveless nature of Batson’s venous plexus (2). Contrary to this
theory of tumor spread through Batson’s plexus, is the theory
that such drainage pattern should result in predominately
extraosseous epidural metastases, which is an unusual clinical
finding (9,10). Most epidural metastases are a result of direct
tumor extension from the vertebral body into epidural space,
which would not be expected if Batson’s plexus is the original
tributary of tumor spread to the spine. The preponderance of
metastatic thoracic spinal disease associated with spinal cord
compression when compared to cervical spine and lumbar spi-
nal metastases in many series is related to: (1) a greater number

of vertebral bodies in the thoracic spine; (2) the narrowness of
the thoracic spinal canal compared to cervical spine and lumbar
spine; and (3) presence of a physiological kyphosis (3). Fifty-
nine percent of spinal metastases are found in the thoracic spine
and most involve multiple vertebra (2,3). Not all series have
demonstrated that thoracic metastases occur with greater fre-
quency than other areas of the spine (8,11), but most have note
that the thoracic spine is the most frequent location for symp-
tomatic spinal cord compression. Sites of metastases are not
solely determined by blood flow when expressed as a percent-
age of cardiac output and calculated as perfusion per kilogram
of tissue matched for distribution of metastases. Distinctly more
common are skeletal metastases than predicted for the rela-
tively low overall perfusion rate of bone compared to percent-
age of cardiac output directed to other organs (12). The
peripherally directed nutrient arteries of bone divide into cap-
illaries at the endosteal margin of bone and form an open sinu-
soidal system, which has an intermittently discontinuous
basement membrane that allows hematopoietic cells to enter
circulation but also provides a landing zone for metastatic
tumor cells (12). Metastatic deposits usually originate in the
posterior vertebral body, which is the best-vascularized portion
of the vertebra (11). Bone lesions, initially found at the time of
cord compression, arise from within posterior vertebral body in
45%, in the posterior arch in 41%, in the entire vertebra in 14%,
the extradural space in only 5%, and intradural in 1 to 2% (13).
Extension of tumor through the posterior vertebral cortex results
in anterior compression of the thecal sac (ESCC) (2). Spinal cord
compression results from: (1) pathological vertebral fracture
with dislocation in 50%; (2) pressure because of an enlarging
extradural deposit in 39%; (3) spinal angulation following
vertebral collapse in 11%; and by (4) intradural extramedul-
lary metastases; or (5) intramedullary metastases (8,14); or
(6) by tumor extension through the spinal foramen (9). Spinal
cord compression at two or more sites will occur in 17% some-
time during the course of disease (3,15). The distribution of
gastrointestinal malignancies follows the usual distribution
found with other solid tumors except for rectal cancer, which
produces a preponderance of lumbar vertebral metastases
(2,10,15). Most patients will have more than one level of spinal
involvement at diagnosis and, in general, as with asymptomatic
metastases, the primary tumor does not correlate with the site
of the symptomatic vertebral involvement (8,9,16). Most series
have combined cauda equina lesions and spinal cord lesions
because outlook is the same and, therefore, they are not sepa-
rated in this chapter.

2.4. NEUROPATHOLOGY
The early histology of cord compression usually consists of

posterior and lateral wedge-shaped areas of demyelination with
the base toward the cord surface (17). Gray matter is initially
spared. With time, lesions appear multifocal and eventually
become transverse. Epidural tumors usually extend to the ante-
rior cord from the posterior aspect of the affected vertebral body,
and compress the dural membrane, which abuts the cord affect-
ing the interior cord (3,17). Rarely is the pathology because of
direct compression of the anterior spinal artery. More often, an
epidural tumor compresses small radicals within the spinal cord
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from anterior spinal artery, which when occluded precipitates
neurological deficits (17). Alternatively, venous occlusion may
lead to vascular congestion, hemorrhage, and edema within
spinal cord substance (9).

3. PREVALENCE OF GASTROINTESTINAL CANCERS
3.1. CAUSES OF VERTEBRAL METASTASES

AND SPINAL CORD COMPRESSION (TABLE 1)
In most series, gastrointestinal primaries make up a small

percentage of solid tumors that metastasize to the spine (2).
Gastrointestinal cancers are the cause of spinal cord compres-
sion in 6.6% of all patients ranging from 0 to 23% (18,19). The
variable percentage of patients with spinal metastases owing to
gastrointestinal malignancies in each series is influenced by
referral, ethnic prevalence of gastrointestinal malignancies, and
a clinical- or autopsy-based series. For example, in a clinical
series from St. Mark’s Hospital between 1943 and 1986, only
48 of 4000 patients with colon cancer were found to have bone
metastases (15). In an autopsy series of 528 patients extended
over 10 yr, skeletal metastases were found in 11.7% of patients
dying with colon cancer and 19.4% of patients dying with rectal
cancer (20). Most gastrointestinal cancers that spread to bone
and/or vertebra remain occult and usually do not produce spinal
cord compression. In a series of 600 patients treated for spinal
cord compression or spinal root compression, overall, 4.8% of
patients had gastrointestinal primaries (7% of men, 2% of
women) (13). In the Sorensen series of patients, 4% of patients
with metastatic cord compression or cauda equina syndrome
had gastrointestinal cancers (21).

In 10 reports gathered from the literature of patients with
vertebral metastases or epidural cord compression, 5.8% of the
primaries were of gastrointestinal origin. This is consistent with
the series reported by Grant (9).

4. PREVALENCE OF BONE
AND SPINAL METASTASIS

4.1. GASTRIC CANCER
A retrospective review of 234 bone scans preformed on

patients with gastric cancers from a total of 17,176 gastric can-
cer patients, metastatic lesions were found in 106 patients (45%
of those having bone scans, <1% of the entire series). Spinal

metastases were found in 66% of patients with bone scan evi-
dence of metastases (22). From the same group, 162 of 328
patients with gastric cancer who had bone scans for clinical
reasons had evidence of metastases. There is no information
about the total number of gastric cancer patients seen during the
period of the study or the reasons for the bone scans (23). In
another series, postmortem radiographic appearances of bone
metastases occurred in 70 gastric cancer patients within a series
of 537 solid tumor patients with bone metastasis (24). In an
autopsy series reported by Johnston (12), 40 of 653 patients
(6%) with skeletal metastases had gastric cancer. In an autopsy
series of patients who died with solid tumors, 65 had gastric
cancers and of these patients 13 were found to have spinal
metastases (20%) (25). From an autopsy series of 1000 patients,
13 of 119 patients with gastric cancer had bone metastases, and
6 of 85 patients with lumbar spine metastases had gastric cancer
(24). In a series of patients treated for spinal metastases without
surgery, 8 of 101 patients with spinal cord compression had
gastric cancer (19). In another series of 52 patients with meta-
static spinal disease, one had gastric cancer (26). Scintographic
detection of spinal metastases occurred in 48 of 158 patients
(30%) reported by Tatsui (27). In summary, 6 to 30% of gastric
cancer patients dying of their disease will be found to have
spinal metastases, 2 to 8% of patients will have symptomatic
spinal cord compression (26).

4.2. COLON CANCER (TABLE 2)
In an autopsy series involving 118 patients dying of colon

cancer, 11 were found to have bone metastases (24). From a
subgroup of 20 patients surgically treated reported by
Kleinmann (28), from a total group of 77 patients with spinal
metastases, 1 had colon cancer (28). In a series from Memorial
Sloan-Kettering Cancer Center (29), 53 of 765 patients with
disseminated metastatic colon cancer had skeletal metastases
and most were located in the spine. In this series, only 14 (1.8%)
had bone only metastases as most had additional non-osseous
metastases (29). In a retrospective series of patients with tho-
racic spinal metastases requiring surgery over a 14-yr period of
time, 9 of 109 patients had colon cancer (30). In another series,
2 of 99 patients with extradural extension of spinal metastases
had colon cancer primaries (31). Colon cancer was responsible
for 4 of 101 spinal metastases treated non-surgically as reported
by Katagirl (19). In a retrospective series involving patients with
spinal metastases from a general hospital, 2 of 131 patients had
colon cancer (10). Lumbar spine involvement was found in 1 of
59 patients from an autopsy series reported by Fonrnasier (24).
Finally, bony metastases in colorectal cancer occurs in 33 to
61% of patients when radionuclide scanning was used (32).
This is much higher than the commonly accepted frequencies
of 5% from other radiographic or autopsy series.

In summary, although autopsy findings of colon cancer bone
metastases are common, clinical evidence of cord compression
from spinal metastases occurs as a result of colon in 3.4% of all
patients with extradural spinal cord compression from solid
tumors.

4.3. RECTAL CANCER (TABLE 3)
Rectal cancer was responsible for spinal cord compression

in 1 of a series of 52 patients reported by Smith (26). From a

Table 1
Vertebral Metastases or Epidural Cord Compression Caused

by Gastrointestinal

Reference GI primaries Total no.

62 9 235
63 4 43
41 6 104
64 9 141
21 12 345
19 23 101
60 6 83
42 8 100
68 9 92

Totals 98 1589
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ond study involving a comparison between clinical and radio-
graphic findings with postmortem evidence of disease, one of
six patients had clinical evidence of spinal metastases, an ad-
ditional one of six had postmortem radiographic evidence of
vertebral metastases, two of six had postmortem histological
findings of spinal metastases. There was a poor correlation
between gross findings and radiographic (pre-magnetic reso-
nance imaging [MRI]) evidence of metastases. In a series of
patients presenting with spinal metastases, only 1 of 131
patients had pancreatic cancer (10). In a series of 52 surgi-
cally treated patients, 1 had pancreatic metastases to the spine
(25). Johnston (12) reported that pancreatic cancer was known
to have spread to the skeleton in 5 of 40 patients (12%). Overall,
approx 6% of patients with pancreatic cancer will have skeletal
metastases (12).

Gall bladder cancer rarely metastases to the spine. Out of
100 patients in a series of vertebral metastases, two had gall-
bladder primaries (19). In an autopsy series of 734 patients, 21
had gallbladder cancers and no skeletal or spinal metastases
were found (25). Katagirl (19) found two of 101 patients with
spinal metastases had gallbladder primaries.

Approximately 1.9% of patients with spinal metastases and
ESCC have pancreatic primaries. However, 6% of patients with
pancreatic cancers will have bone metastases. The frequency
will again depend on the type of series.

4.5. HEPATOCELLULAR CARCINOMA (TABLE 5)
Vertebral metastases from hepatocellular carcinoma have

been reported anecdotally. Autopsy series have a prevalence of
bone metastases ranging between 3 and 12% (35). Several
series reviewed by Byrne demonstrated a prevalence of 3 per
103 patients, 1 of 84 patients, and 7 of 231 patients with solid
tumor spinal metastases had hepatocellular primaries (35).
Stark (10) found one patient with hepatocellular carcinoma
among 131 patients presenting to a community hospital with

Table 2
Spinal Metastasis From Colon Cancer

Reference No. with colon cancer Total

28 1 77
30 2 109
31 2 99
19 4 101
10 2 131
24 1 59

Totals 18 517

Table 3
Rectal Cancer and Spinal Metastases and/or Spinal Cord

Compression

Reference No. with rectal cancer Total

26 1 52
10 3 131
28 3 20

Totals 7 203

series reported by investigators from Memorial Sloan Kettering
(29), 8.9% of patients with rectal cancer had osseous metastases,
the majority of which were vertebral. Bone metastases were
confirmed in 48 patients treated for rectal cancer and occurred
predominately in the lumbar spine and pelvis (29). Four thou-
sand patients were treated for rectal cancer during this period
of time (15). A case series reported from a London hospital
between 1968 and 1978 that includes patients with spinal
metastases and neurological deficits, 3 of 131 had rectal
cancer (10). Kleinmann (28) reported a group of 20 patients
requiring surgery owing to ESCC and acute neurological defi-
cits, 3 patients had rectal cancer (28). In an autopsy series from
Malmo (20), 26 of 134 patients dying with rectal cancer had
skeletal metastases. The percentage of patients with vertebral
metastases from the group is not known, although most patients
would be assumed to have spinal metastases judging from other
series. Of 131 patients presenting with spinal metastases with
or without cord compression, six had colorectal cancer (33).
Colon and rectal primaries were not separately reported (33).

The diverse prevalence of rectal cancer associated vertebral
metastases is owing to patient selection (i.e., surgical, clinical,
or autopsy series). Approximately 5% of all symptomatic ver-
tebral metastases associated with solid tumors are because of
rectal cancer.

4.4. BILE DUCT CANCER (TABLE 4)
Out of 500 patients in an autopsy series of patients with

lumbar spine metastases, 11 had pancreatic primaries (24). Two
of the 11 patients had additional bone metastases besides their
lumbar spine metastases. Another autopsy series demonstrated
bone metastases in 4 of 32 patients dying from pancreatic can-
cer. In a series reported by Young (34), six patients with pan-
creatic cancer underwent postmortem examination two had
gross evidence of spinal metastases in which one had radio-
graphic evidence of spinal involvement ante-mortem. In a sec-

Table 4
Spinal Metastases From Pancreatic Cancer

Reference No. with pancreatic cancer Total

24 11 500
10 1 131
26 1 52

Totals 13 683

Table 5
Hepatocellular Carcinoma-Associated Bone and Spine

Metastases

No. with
Reference hepatocellular carcinoma Total

19 9 101
66 1 131
67 3 103
68 1 84
69 7 231

Totals 21 650
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spinal metastases. In a series of patients treated nonsurgically,
9 patients had hepatocellular carcinoma from a total of 101
patients with spinal cord compression (19). This series origi-
nated from Japan where hepatocellular carcinoma is relatively
common.

The prevalence of hepatocellular carcinoma as a cause of
metastases to the bone or spine is 3.3%, however, several large
series of patients with spine metastases found no patients with
hepatocellular carcinoma (35).Therefore, the prevalence is
probably less than 3%.

4.6. SUMMARY

The prevalence of gastrointestinal cancer as a cause of ver-
tebral metastases is less than 10%. Gastric cancer and colorectal
cancer are more common primaries to spread to the vertebrae.
The prevalence is subject to bias based on the case series
(whether clinical or autopsy series). Cultural factors will also
play a role because of the prevalence of disease among the
various ethnic groups. Autopsy findings do not correlate well
with series reported on the basis of clinical or radiographic
findings. The prevalence of vertebral metastases will be higher
in autopsy series. The distribution of metastases along the spine
does not predict the location of the primary with the exception
of rectal cancer, which more frequently involves lumbar spine.

5. PROGNOSIS IN SPINAL METASTASES:
GASTROINTESTINAL CANCER

Most patients with gastrointestinal cancers have visceral
metastases at presentation so that even if all else is favorable
(absence of pathological fracture, solitary skeletal metastases)
survival is likely to be 25% or less at 1 yr. In a second series,
Bauer (37) found that survival closely related to tumor burden.
No patients who had visceral or brain metastases were alive at
1 yr (37).

Klekamp (38) also found that patients who had spinal and
extraosseous metastases had a poor prognosis. Survival in this
series did not appear to correlate with preoperative neurologi-
cal function. Most patients with gastrointestinal cancers would
have a poor outlook because most have a high tumor burden and
visceral metastases.

Sioutos (30) published the survival of a small number of
patients with colon and spinal metastases (30). A mean survival
was 15.8 mo and the median survival was 7 mo (range 2–39 mo).
The factors influencing survival of all solid tumors patients in
this series were preoperative neurological deficits, extent of
disease, the number of vertebral bodies involved, tumor loca-
tion (posterior or anterior in the vertebral body), primary can-
cer site, and age of patient. By this scoring system, most
gastrointestinal cancers will have two to three adverse factors
because most will have multiple metastases outside of the pri-
mary site in addition to vertebral metastases (i.e., tumor beyond
primary site and vertebral body) and most patients will be older.
Anteriorly located metastases in the vertebral body are associ-
ated with poor surgical outcomes (31). The anterior approach
to surgery may alter this prognostic factor.

Tatusi (27) evaluated the interval from diagnosis to onset of
spinal metastases and survival in large series of patients with
spinal tumors (27). Gastric cancer patients had a mean interval

from diagnosis to onset of spinal metastases of 6.9 mo. Nearly
two-thirds of these patients had multiple metastases at relapse.
The survival at 6 mo was only 15% and none survived 1 yr (27).
Because the outlook was so poor for these patients, the author
recommended radiation alone. Patients who have both multiple
bone metastases from gastric cancer and either disseminated
intravascular coagulation and/or microangiopathic hemolytic
anemia have a median survival time of only 2 mo (39). Such a
dismal outlook would suggest a conservative approach to man-
agement.

Bone metastases from rectal cancer is associated with a
median survival of 4 mo (range 1–26 mo) with only 1 of 48
patients alive beyond 6 mo as reported by Talbot (15). The bone
metastases were symptomatic with widespread metastases as
seen in 75% of patients. Bone metastases were generally diffuse
and occurred more frequently in patients with an initial advanced
stage primary (15).

Tabbara (40), in a 30-yr retrospective review, found the
median survival of colorectal cancer patients with spinal cord
compression 7 and 5 wk for patients with esophageal cancer
and spinal metastases (40). Patients with hepatocellular carci-
noma and spinal metastases have a survival of less than 25% at
6 mo and less than 10% at 1 yr (19). The prognosis for patients
with spinal metastases from primaries poorly responsive to
radiation and chemotherapy was unfavorable in this series (19).

The mean postoperative survival of patients with gas-
trointestinal cancer and spinal epidural metastases as reported
by Dunn (41) was 151 d compared to 388 d for prostate cancer,
203 d for breast cancer, 249 d for renal cancer, and 520 d from
myeloma (41). Survival was not related to surgical outcome or
neurological improvement.

In summary, the outlook for patients with gastrointestinal
cancer and vertebral metastases with or without spinal cord
compression is poor. Except for perhaps colon cancer as
reported by Sioutos (30) and rectal cancer by Tokuhashi
survival is less than 6 mo and particularly for primaries arising
from the upper gastrointestinal tract. Surgery and radiation do
not influence the prognosis. The poor outlook is because of
widespread extraosseous metastases, involvement of multiple
vertebral bodies, and the chemotherapy and radiation resistant
nature of most gastrointestinal cancers.

6. TREATMENT

The purpose of treatment for spinal metastases is palliative
particularly in the case of metastases arising from the gas-
trointestinal tract. The primary goals of therapy are restoration
and maintenance of neurological function, relief of pain, local
tumor control, and spinal stabilization (3). Guidelines for man-
aging spinal metastases have not been established owing to
lack of systematic and carefully controlled studies, great vari-
ability of patient characteristics, tumor burden and origin, and
therapeutic limitations because of potential cord injury (3).

Therapeutic options include radiation, vertebreplasty, pos-
terior instrumentation with laminectomy, and corpectomy (ver-
tebrectomy) via anterior or posterior lateral approach (3,30).
The outlook for patients with spinal metastases from gas-
trointestinal primaries is poor and only slightly better than spi-
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nal metastases from lung cancer, therefore surgical corpectomy
is rarely an option. Most patients have high tumor burdens with
additional bone metastases and visceral metastases.

Gastrointestinal cancers are chemotherapy-resistant and
only a minority respond to systemic multi-agent therapy and
those that do, do so only temporarily. Additionally, gastrointes-
tinal cancers are relatively radio-resistant. It is unknown
whether surgery adds to the palliative benefit of radiation in the
setting of a short expectant survival. Differences of opinion
have been expressed (30,42). Patients with poorly responsive
tumors with spinal metastases but without neurological impair-
ment and no evidence of vertebral collapse may do just as well
with radiation alone (19). Patients with poorly responsive tumors
and neurological deficits do poorly with radiation alone (19).
Surgical treatment should be instituted if (1) life expectancy is
greater than 6 mo, (2) spinal lesions are relatively solitary and
localized by MRI and stabilization is possible, (3) tumor bur-
den is low (i.e., few to no visceral metastases), (4) patient is not
a Frankel type A (complete paralysis), and (5) general condi-
tion and comorbidities are compatible with aggressive surgery
and general anesthesia (19). Other indications for surgery with
or without postoperative radiation are:

1. Diagnosis is in doubt.
2. Spinal instability or cord compression by bony deformity

or fragments caused by vertebral collapse.
3. Tumor fails to respond to radiation and an there is expected

survival long enough to enjoy the fruits of surgery.
4. Relapse in a previously radiated vertebral site and a good

expected survival (i.e., >3–6 mo).
5. High cervical cord compression, which can be life threat-

ening.
6. Radio-resistant tumor with a rapid onset of signs and symp-

toms of cord compression and anatomically complete block
(with a reasonable expectation of survival) (3).

6.1. CHEMOTHERAPY
Chemotherapy has been beneficial in treating ESCC associ-

ated with Hodgkin’s disease, non-Hodgkin’s lymphoma, semi-
noma, and Ewing’s sarcoma (9). Benefits are directly related to
the chemotherapy and radiation sensitivity of the underlying
primary. Unfortunately most, if not all, gastrointestinal cancers
respond poorly to chemotherapy (43). Most responses observed
are partial and temporary. Cisplatin chemotherapy has been
used for esophageal and gastric cancers (combined with of
5-fluorouracil [5FU]), gemcitabine or 5FU with pancreatic can-
cer and 5FU, capcitabine, CPT-11, or oxaliplatin for colon
cancer. Indications for their use include palliation after treat-
ment of ESCC, for patients with a good performance status and
adequate renal and hepatic function. Chemotherapy for gas-
trointestinal cancers should not be the primary treatment of
ESCC. Chemotherapy should be considered only in a desperate
situation, when both surgery and radiation have been exhausted
as treatment of ESCC and after a clear discussion about the
goals of care. Chemotherapy should not be added to aggressive
radiation in the treatment of ESCC.

The detrimental effects of chemotherapy to wound healing
particularly in patients who have had surgery, radiation, and are
on corticosteroids, should be considered. Surgical wounds,

which when opened, will fail to heal or heal slowly in patients
on chemotherapy, leading to a significant risk for infection,
particularly during periods of myelosuppression.

7. MANAGEMENT OF ADVANCED
GASTROINTESTINAL CANCERS

7.1. ESOPHAGEAL CANCER
The disease stage is highly predictive of survival: 80% of

patients with pathological stage I disease survive 5 yr, whereas
patients with stage II or III disease have a 5-yr survival rate of
34 and 15%, respectively. Adenocarcinoma has become more
prevalent for unknown reasons. However, this does not signifi-
cantly altered treatment. Primary treatment consists of surgery
or chemoradiation (usually 5FU and cisplatin) with or without
surgery. Palliation of local symptoms can be achieved by radia-
tion, chemoradiation, or by placement of an esophageal stent,
brachytherapy, or photodynamic therapy, or a combination of
these treatments. Patients who have advanced disease may
benefit temporarily from a course of 5FU- and cisplatin-based
chemotherapy for the purpose of palliating symptoms. Recently,
paclitaxel as either a single agent or in combination with cisplatin
has produced objective responses in patients with advanced
esophageal cancer (44). Patients with advanced disease need to
be strong enough and have adequate liver and kidney function
in order to receive chemotherapy. The goal of therapy in advanced
disease is palliation and should take into account quality of life.

7.2. GASTRIC CANCER
Regardless of the extent of the surgical procedure used to

treat gastric cancer, the effectiveness of surgery to cure gastric
cancer, particularly node positive cancer, is poor. The overall
5-yr survival of node positive gastric cancer is at best 30% and
in most series much lower. A variety of chemotherapy combi-
nations have been used to palliate advanced disease:

• FAM (5FU, doxorubicin, mitomycin-c).
• FAXTx (5FU, doxorubicin, methotrexate).
• ELF (etoposide, leucovorin, 5FU).
• EAP (etoposide, doxirubicin, cisplatin).
• PLEF (cisplatin, leucovorin, etoposide, 5FU).

Short-term survival may be significantly prolonged, how-
ever, overall survival is not (45). Adjuvant use of chemotherapy
improves the results of surgery. A recent randomized trial
using adjuvant 5FU, leucovorin, and radiation postoperatively
in a group of patients at risk for relapse (85% of whom were
node positive) found that the adjuvant therapy increased the
mean time to relapse from 19 to 30 mo and the median survival
from 27 to 42 mo (46). Postoperative adjuvant chemoradiation
should be discussed with patients who are at high risk for relapse.

7.3. PANCREATIC CANCER
Pancreatic cancer is usually locally advanced or metastatic

at the time of diagnosis and rarely amenable to surgical resec-
tion. Palliative biliary and gastric surgical bypass procedures
are frequently preformed or alternatively endoscopic biliary
stenting. Because a large percentage of patients develop distant
metastatic disease (usually liver or peritoneum), improved local
tumor control using 5FU-based chemotherapy plus radiation
will translate, at best, into a small improvement in survival.
More effective systemic agents are needed. Gemcitabine pro-
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duces a response in 10 to 15% of patients and more frequently
produces a subjective symptomatic benefit in the absence of
tumor response. Gemcitabine is superior to 5FU in this regard
(47). Combination therapy with 5FU and gemcitabine does not
improve survival more than single agent gemcitabine (48).
Patients with advanced pancreatic cancer with adequate hepatic
function and good performance score could be considered for
either palliative gemcitabine or investigational chemotherapy.

7.4. HEPATOCELLULAR CARCINOMA
Hepatic resection or liver transplants are the only potential

curative therapies for hepatocellular carcinoma. However, 80%
are inoperable at diagnosis. Nonsurgical management include
radiofrequency thermoablation or ethanol injection, which both
produce tumor necrosis in greater than 80% of patients and may
influence short-term survival. Embolization or chemoembo-
lization using the hepatic artery may palliate pain and also pro-
duce short-term tumor control. Internal radiation using
intra-arterial iodine-131-lableled lipidol has also favorably
influenced survival (49). Systemic chemotherapy has been dis-
appointing because of both tumor resistance or poor patient
tolerance. Chemotherapy alone rarely reduces tumor burden or
palliates symptoms and does not prolong survival (50).

7.5. COLORECTAL CANCER
Adjuvant 5FU and leucovorin are standard therapy for patho-

logical stage III colon cancer and 5FU and radiation for T3 or
node positive rectal cancer (51,52). Pre-operative radiation and
5FU may allow resection for locally advanced rectal cancer and
also palliate locally recurrent cancer. Isolated metastatic recur-
rences to liver or lung should be resected if possible (53). A
significant proportion of patients (30%) will be 5-yr survivors.
Anastomotic recurrences should also be resected and patient
closely watched for second colorectal primaries with repeated
colonoscopies.

Four drugs have activity in advanced colorectal cancer: 5FU,
capcitabine, CPT-11, and oxaliplatin (54–56). Weekly 5FU and
leucovorin as a single day infusion appear to be more tolerable
than bolus 5FU with leucovorin given on five consecutive days
each month. Both CPT-11 and oxaliplatin have demonstrated
anti-tumor activity as second line single agents (55,56). Responses
are higher when combining either of these two agents with 5FU,
but the degree of toxicity is also higher. Present treatment
involves a combination of 5FU with either CPT-11 or oxaliplatin
as initial therapy in patients with metastatic disease. A greater
survival or palliative benefit occurs, more so than using each
agent sequentially. The purpose of chemotherapy in advanced
colon cancer is palliative and significant drug toxicity is a det-
riment to the quality of life in patients who have incurable
illness.

8. SYMPTOM MANAGEMENT
Pain is a significant problem for patients with spinal metastases

and the guidelines for pain management should follow the World
Health Organization stepladder guidelines. Opioids should be
utilized with either corticosteroids or nonsteroidal anti-in-
flammatory drugs for moderate or severe pain. Yoshioka (57) in
a retrospective review, reported the use of morphine in 28 patients
with bone pain from spinal metastases and 28 patients with
malignant tumor induced sciatica. The mean daily oral dose of

morphine used for bone pain was 103 mg, median 85 mg.
Patients with sciatica received a mean daily dose was 539 mg
and median 164 mg. The patients with rectal cancer and sciatica
required significantly higher doses of morphine per day (mean
1007 mg, median 192 mg) than other cancer patients with
sciatica.

8.1. RADIATION AND SURGERY
Murai (58) reported the radiation pain response in 68 patients.

Relief of pain occurred in 78%. Seventy-five percent of patients
with gastric cancer and 100% of patients with hepatocellular
cancer experienced relief. Other studies have shown that 80%
of patients with back pain from spinal cord compression
respond to radiation (19). In the series reported by Katagirl
(19), 67% of patients found pain relief. The rapidity of pain
relief differs between the group with radio-responsive and less
responsive primaries.

Surgery will also relieve pain in 70 to 90% of patients
(3,42,59). Radiation and surgery did not palliate pain as well
for thoracic spine metastases as they did for cervical and lum-
bar spine in the series reported by Kleinman (28). It was thought
that this was owing to the limited cross-sectional area of the
thoracic spine and the poor blood supply to the thoracic spine
limiting radiation response (28).

Pain relief may be prognostic. Half of the patients without
pain relief survived less than 3 mo in a series reported by
Katagirl (19). Radiation is also unlikely to relieve pain in
patients with major vertebral fractures and bony deformity
causing ESCC or with spinal angulation (10). Surgery is pre-
ferred in these situations.

8.2. CO-ANALGESICS
Corticosteroids play an important role in the early manage-

ment of ESCC. Pain reduction occurs in 64% with the use of
corticosteroids usually within the first day of treatment (2).
Pain reduction is more rapid when high doses of dexametha-
sone (100 mg/d) are started simultaneously with high-dose frac-
tionated radiation (60). However high doses vs standard doses
of dexamethasone at the onset of radiation does not ultimately
produce any significant difference in long-term pain relief or
neurological improvement (61). Several dosing regimens have
been previously published: dexamethasone 100 mg followed
by 24 mg four times daily for 3 d then taper; and dexamethasone
10 to 16 mg bolus then 4 mg four times daily for 3 to 7 d. The
chances of morbidity is small if steroids can be tapered over
several weeks (2,3). Short-term morbidity includes hypergly-
cemia, psychosis, confusion, and infection. Wound healing may
be delayed if corticosteroids cannot be tapered.

Patients who have a major neurological deficit associated
with paralysis should be considered for prophylactic heparin in
order to avoid the significant risk of venous thrombosis if no
contraindication exist (9). Intermittent compression stockings
should be used otherwise.

8.3. BISPHOSPHONATES
Bisphosphonates bind to expose bone mineral around osteo-

clasts. Once released from bone mineral they are internalized
by osteoclasts, disrupting bone resorption and inducing osteo-
clast apoptosis. Bisphosphonates may also have a direct anti-
tumor effect on cancer cells (7). Bisphosphonates are the
treatment of choice for malignancy-related hypercalcemia. The
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skeletal morbidity is reduced for patients with multiple myeloma
and breast cancer. Pain relief occurs independent of the nature of
the underlying tumor or radiographic appearance (7). The relief
of metastatic bone pain correlates with the reduced rate of bone
absorption. There is little data on the use of bisphosphonates in
patients with bone metastases from gastrointestinal cancers.
Clinical trials need to be done to quantify benefits. Usual doses
of pamidronate are 60 to 90 mg parenteral every 3 to 4 wk and
zolendronate 4 mg every 4 wk.

8.4. RADIOPHARMACEUTICALS
Radiopharmaceuticals are now available to palliate meta-

static bone pain. Strontium-89 is a ⇓-emitter, which reduces
pain associated with prostate cancer and breast cancer. Stron-
tium is taken up at sites of new bone formation and hence is
most effective for osteosclerotic metastases. The half-life of
strontium-89 precludes dosing more frequently than at 3-mo
intervals. Samarium-153 is a . - and ⇓-particle-emitting radio-
isotope, which allows imaging and therapy simultaneously (7).
As with strontium, samarium is taken up at sites of new bone
formation. Samarium can be given as an outpatient and will
significantly reduce bone pain and analgesic consumption. The
half-life of samarium is shorter and, thus, can be given at more
frequent intervals if necessary. Drawbacks to radiopharma-
ceutics include myelosuppression, cost, delayed onset to anal-
gesia, and handling. Repeated dosing can be done depending on
response, half-life of the radiopharmaceutical, and blood counts
and bone marrow reserve.

8.5. END-OF-LIFE CARE
Patients with spinal metastases from gastrointestinal malig-

nancies have a poor outlook and a short life expectancy. It is
imperative that the managing physicians clearly outline the
goals of care and avoid nebulus medical terms. A compassion-
ate and honest discussion of outlook, the goals of care, and
advice about advanced care planning are essential for patients
informed choice and future planning. This should be done in a
quiet atmosphere, with ample time for questions. Goal orient-
ing both the patient and family will provide a sense of hope. If
the goal is not a cure, then it is relief of pain and improvement
in neurological deficits. The patient needs to live as well as she
or he is able to until death occurs. “There is nothing more we
can do” should never be said.

9. CONCLUSION
Gastrointestinal cancers are responsible for less than 10% of

all spinal metastases. Spinal metastases occur in the face of
advancing intra-abdominal disease and high tumor burden and,
thus, portend a poor outlook. Only patients with spinal metastases
from lung cancer have a worse outlook. The main treatment is
radiation despite the relative radio-resistant nature of most
gastrointestinal cancers. This is because of prognosis and lack
of evidence that surgery followed by radiation improves neu-
rological function or pain compared to radiation alone.
However, there are selected indications for surgery. Surgical
procedures can be appropriately chosen based on modern im-
aging. Chemotherapy has a very limited role in the treatment of
symptomatic spinal metastases. Palliation of symptoms and
advanced care planning need to be combined with directed anti-
tumor therapy.
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1. INTRODUCTION

In the United States, 172,570 new cases of lung cancer will
be diagnosed in the year 2005 and 163,510 of these patients will
die of the disease (1). Lung cancer is currently the leading cause
of cancer death in men and has now surpassed breast cancer in
women (2–7). The median age at diagnosis is approx 60 yr. The
highest incidence of lung cancer is noticed among Hawaiians
and African-Americans in United States, and in Scotland and
Wales, worldwide (8).

Although the frequency of lung cancer in both men and
women increased for many decades, the age-adjusted lung can-
cer mortality rates have decreased by 3.6% between 1990 and
1995 (9). The frequency of lung cancer in men decreased by
1.4% annually through 1996, the frequency in women declined
by 1.3% per year from 1994 to 1995 (5). However, owing to the
increased longevity and increased population size, the absolute
number of lung cancer deaths and new cases of lung cancer
have increased annually over the last 50 yr. The overall survival
rate for lung cancer at 5 yr is estimated to be 14% (1).

This chapter focuses on the etiology, risk factors, pathology,
clinical presentation, staging, and treatment of lung cancer.
Special emphasis is placed on bone metastasis.

2. ETIOLOGY AND RISK FACTORS
2.1. TOBACCO
Cigarette smoking is responsible for approx 87% of all cases

of lung cancer (8). Estimate of relative risk for developing lung

cancer in a smoker is 10- to 30-fold higher in comparison with
the lifetime nonsmoker. Compared to nonsmokers, lung cancer
related risks of dying are 22 times higher for male smokers and
12 times higher for female smokers (10). The risk of lung can-
cer increases with the number of years of smoking and the
number of cigarettes smoked per day (5).

The increased lung cancer risk for current smokers is directly
proportional to the estimated milligrams of tar consumed per
day. Stellman and Garfinkel (11), in the more recent American
Cancer Society Fifty State Study, indicated that doubling the
cigarette tar yield resulted in a 40% increase in the relative risk
of dying of lung cancer, independent of the number of ciga-
rettes smoked or depth of inhalation. According to Federal
Trade Commission estimates, the tar content of the current
average cigarette sales in the United States is 12–13 mg of tar
per cigarette compared with nearly 40 mg in the early 1950s (7).
After adjusting the difference in the amount of cigarettes
smoked, lifelong smokers of filter cigarette experienced 20 to
40% lower risk of lung cancer then lifelong nonfilter smokers
(12–13).

Overall there has been a decline in the incidence of cigarette
smoking over the years. The risk of lung cancer in ex-smoker
remains higher than that in nonsmoker for at least 25 yr (10).
Nonsmokers living in a household with a smoker have a 30%
increased incidence of lung cancer compared to nonsmokers
who do not reside in such an environment (10,14).

2.2. OCCUPATIONAL AND ENVIRONMENTAL
EXPOSURE

Arsenic, asbestos, beryllium, Bis (chloromethyl) ether, chro-
mium, nickel, vinyl chloride, coal combustion products, polycy-
clic aromatic compounds, and radiation are known occupational
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carcinogens (15). Asbestos exposure is the culprit behind approx
3 to 4% of lung cancers (16). In 1955, Doll et al. (17) published
the first study documenting an increased risk for lung cancer in
individuals exposed to asbestos. The risk of lung cancer in
people exposed to air-borne fibers increases with the amount of
exposure and is even synergistic in exposed smokers (18). The
risk for lung cancer by non-occupational asbestos exposure is
not well established but has succeeded in garnering significant
public attention.

Originally termed “miner’s phthisis” in the 19th century,
uranium exposure in miners is particularly associated with
small-cell lung cancer (SCLC) (10). Saccomanno et al. (19)
discovered a remarkably high incidence of SCLC in Colorado
miners with high levels of exposure to uranium. The well-
established increased risk for lung cancer seen in uranium
miners leads to the suggestion that indoor radon exposure may
cause lung cancer (20,21).

Several nonmalignant lung diseases including chronic obstruc-
tive pulmonary diseases, idiopathic pulmonary fibrosis, pneumo-
coniosis, and tuberculosis have been associated with an
increased risk of lung cancer (22).

Although there is no conclusive data, some dietary sub-
stances, such as vitamin C and E and selenium, have been
implicated in lung cancer prevention. ⇓-carotene, however,
was associated with an increased lung cancer incidence in two
large randomized trials, most likely because of its negative
interaction with cigarette smoke (23).

2.3. GENETIC FACTORS
Carriers of α1-antitrypsin deficiency allele may be at greater

risk for lung cancer (24). Genetic factors have also been impli-
cated in lung cancer. The gene families implicated in lung car-
cinogenesis include dominant oncogenes and tumor suppressor
genes (25,26). Amplification of the c-myc oncogene has been
associated with SCLC (27). The ras family of oncogenes are
among the most common activated oncogenes found in human
malignancies. The mutations in K-ras gene have been noted in
24 to 50% of adenocarcinomas arising in heavy smokers (28).
The erbB2 gene is also found to be activated in non-small-cell
lung cancer (NSCLC). In one study, adenocarcinomas showed
high levels of erbB2 mRNA, whereas SCLC cells did not
express erbB2 (29). In another study, investigators noted that
erbB2 expression in adenocarcinoma is independently corre-
lated with diminished survival (30).

The high frequency of chromosomal deletions in both SCLC
and NSCLC implies that loss of specific gene function may be
a critical step in the development of lung cancer. Two tumor
suppressor genes implicated in lung cancer are the p53 and Rb
(10). p53 gene mutation is found in more than than 50% of lung
cancers (28). These mutations occur in both NSCLC and SCLC
cell lines. Mutations in p53 positively correlate with lifetime
cigarette consumption (31). Radon exposure is also associated
with p53 mutation that differs from those seen in tobacco-asso-
ciated lung malignancies (32).

3. PATHOLOGY

The currently used primary lung cancer histological classi-
fication was initially developed by the World Health Organiza-
tion and later modified in 1981 (33).

3.1. NON-SMALL-CELL CARCINOMA
This category includes adenocarcinoma, squamous cell car-

cinoma (SCC), bronchoalveolar carcinoma (BAC), large-cell
carcinoma (LCC), and pulmonary carcinoids. Adenocarcinoma
is the most common type of NSCLC, comprising approx 30 to
40% of cases (34). It is most likely to occur in nonsmokers or
former smokers and in women (5). They tend to grow towards
the lung with a high propensity to metastasize to both regional
lymph nodes as well as distant sites (35). Because of their
location, quite frequently these tumors produce no symptoms.
Besides T1N0 tumors, it appears that stage-by-stage adeno-
carcinoma has a somewhat worse prognosis than does SCC.
Immunohistochemistry and electron microscopy have been
increasingly used by pathologists to identify adenocarcinoma
as these cells stain positive for carcinoembryonic antigen and
mucin (36).

SCC comprises of approx 30% of all lung cancers in the
United States (37). In North America, SCC has not seen the
marked increase observed with adenocarcinoma. Two-thirds
of SCC present as central lung tumors, whereas one-third
present as peripheral tumors. It is the most likely of all lung
tumors to cavitate and remain localized (38). They tend to grow
slowly and it is estimated that up to 3 to 4 yr are required from
the development of in situ carcinoma to a clinically apparent
tumor (35). Histologically, most well-differentiated tumors
demonstrate keratin pearls, whereas the more poorly differen-
tiated SCC have positive keratin staining (38).

BAC, a subtype of adenocarcinoma, has increased in inci-
dence over the last decade. BAC arise from type 2 pneumocytes.
It can present as multiple scattered nodules, a pneumonic infil-
trate, or as a single nodule. BAC growth is in lepidic fashion
along the alveolar septa without invasive growth indicating
that these patients may be cured by surgical resection (39).

LCC accounts for 10 to 15% of all lung carcinomas with the
tendency to occur as a peripheral lesion with a shorter doubling
time (35,37,38). They have a high propensity to metastasize to
regional lymph nodes and distant sites. Many tumors previ-
ously diagnosed as undifferentiated large-cell carcinoma can
now be classified as poorly differentiated adenocarcinoma or
squamous cell carcinoma with immuno-histochemical stain-
ing, electron microscopy, and monoclonal antibodies. This is
probably the reason for decreasing incidence of LCC.

Bronchial carcinoids represent 2% of cases of carcinoid
tumors (40). These tumors have not been linked to smoking
history. Pulmonary carcinoids are classified as typical carci-
noid (also called bronchial carcinoid and Kulchitsky cell carci-
noma-I and atypical carcinoid (also called well-differentiated
neuroendocrine carcinoma and Kulchitsky cell carcinoma -II).
Typical carcinoids are quite indolent in nature. They rarely
metastasize and carry a good prognosis. The most important
variables affecting the prognosis of typical carcinoids are increas-
ing age, tumor diameter larger than 3 cm, T-stage, and N-stage.
Poor prognostic pathological features for all pulmonary
carcinoids include increased mitotic count, nuclear pleomor-
phism, undifferentiated growth pattern, lymphatic, and vascu-
lar invasion (41). Patients with carcinoids are at increased risk
of developing a synchronous adenocarcinoma and the develop-
ment of a second malignancy is associated with a worse prog-
nosis (42).
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Pulmonary carcinoids have direct access to the systemic
circulation, thus, they may produce symptoms associated with
carcinoid syndrome without hepatic metastases (43,44). Symp-
toms of carcinoid syndrome include flushing, diarrhea, wheez-
ing, pain, pellagra, and carcinoid heart disease. The flushes
with bronchial carcinoids are frequently prolonged for days,
reddish in color, associated with salivation, lacrimation, dia-
phoresis, facial swelling, palpitations, deep furrowing of the
forehead, diarrhea, and hypotension (45,46). After repeated
flushing of this type patients may develop a constant red or
cyanotic discoloration.

3.2. SMALL-CELL CARCINOMA
In 1926, Barnard (47) initially recognized SCLC as a sepa-

rate entity. SCLC represented approx 15% of the total annual
cases of lung cancers in the United States in 2001 (48). SCLC
tumors most commonly present as submucosal endobronchial
lesions with hilar enlargement. Two-thirds of the patients have
detectable distant metastasis at the time of diagnosis. The diag-
nosis is confirmed by histological analysis of bronchoscopic
biopsy specimen or by cytologic analysis of percutaneous
transbronchial fine-needle aspirations.

Although SCLC diagnosis rests primarily on morphologic
assessment, immunocytochemistry, and electron microscopy
are of occasional value in difficult cases. Virtually all SCLCs
are immunoreactive for keratin and epithelial membrane anti-
gen (49). Neuroendocrine differentiation markers like
chromogranin, neuron-specific enolase, Leu-7, and synaptophysin
can be detected in approx 75% of SCLC either singly or in com-
bination (49). Neuroendocrine differentiation markers by them-
selves may not be diagnostic of SCLC because 10 to 20% of
NSCLC also exhibit neuroendocrine differentiation. Electron
microscopic features of SCLC include closely apposed cells,
high nuclear to cytoplasmic ratio, finely clumped chromatin uni-
formly dispersed within the nucleus, and only occasional uniformly
small dense core granules located in the cytoplasm (50).

4. CLINICAL PRESENTATION

There are no signs or symptoms that are specifically diag-
nostic of lung cancer. Cough is present in 45 to 75% of all
patients with lung cancer (51). In patients with chronic cough,
a change in character and quantity of cough should be sought
from history. Approximately 25 to 35% of lung cancer patients
may have associated hemoptysis. Dyspnea may occur in one-
third to one-half of lung cancer patients (51). Chest pain, often
secondary to rib invasion, may occur in approx 25 to 50% of all
patients. Unilateral wheezing, when present, is most often
owing to an underlying bronchogenic carcinoma producing
fixed obstruction of a major airway. Inspiratory stridor may
result when obstruction occurs by a tumor located in the upper
trachea. Weight loss is a frequent presenting complaint in
patients with lung cancer.

When a lung tumor directly extends to pleura or when a
mediastinal node or a lymphatic vessel is involved, dyspnea
secondary to pleural effusion may occur. Pericardial effusion
may occur if tumor extends to the pericardium and epicardium.
Left-sided lung tumors may involve the left recurrent laryngeal
nerve causing hoarseness (51). Headaches, dyspnea, facial and
upper extremity swelling, plethora, dilated neck veins, and a

prominent venous pattern on upper chest can be the result of
superior vena cava (SVC) syndrome. SVC syndrome results
from a compression or invasion of the SVC by mediastinal
lymph node metastases or by tumor itself. SCLC is noted to be
the most commonly associated histologic type with SVC syn-
drome.

Pancoast tumor, described by Pancoast in 1924, is a superior
sulcus tumor of the lung and often involves the brachial plexus.
Pancoast syndrome is characterized by Horner’s syndrome, rib
destruction, atrophy of hand muscles, shoulder pain, and pain
in the distribution of C8, T1, and T2 nerve roots on the side of
the lung lesion (52,53). Because of the peripheral location of
the tumor, pulmonary symptoms such as cough, hemoptysis,
and dyspnea are uncommon until late in the disease. Superior
sulcus tumors may produce a phrenic or recurrent laryngeal
neuropathy, or SVC syndrome in 5 to 10% of cases (54–55).

5. PARANEOPLASTIC SYNDROMES

5.1. NON-SMALL-CELL LUNG CANCER
Non-metastatic systemic symptoms may result from lung

tumors. Clinically significant syndromes occur in approx 20%
of BAC patients. Mechanism by which these syndromes are
produced is not clearly understood. Nonbacterial thrombotic
endocarditis (NBTE or marantic endocarditis) and migratory
thrombophlebitis are the two most notable cardiovascular
paraneoplastic manifestations of BAC. The incidence of NBTE
in adenocarcinoma and BAC is approx 7% and it commonly
involves mitral valve (56,57). Migratory thrombophlebitis can
be associated with arterial thrombosis (10). Lung cancer has
been implicated in altered coagulation resulting in thrombotic
and hemorrhagic diatheses. A hypercoagulable state is noted in
10 to 15% of lung cancer cases (10) and it is often associated
with thrombocytosis and hyperfibrinogenemia.

Tumors of squamous cell histology may produce parathy-
roid hormone-related peptide (PTHrP), quite frequently result-
ing in hypercalcemia. Hypercalcemia may, however, be related
to bony metastasis. Digital clubbing and hypertrophic pulmo-
nary osteoarthropathy are most commonly associated with
adenocarcinoma and least frequently with SCLC. LCC may
cause gynecomastia and milky nipple discharge secondary to
the production of human chorionic gonadotropin or related
peptides (10).

5.2. SMALL-CELL LUNG CANCER
SCLC tumors produce biologically active amines by decar-

boxylating amino acids and may also promote synthesis of
antidiuretic hormone and adrenocorticotrophic hormone
(ACTH). Overproduction of such hormones results in a syn-
drome of inappropriate antidiuretic hormone (SIADH) and
hypercortisolism respectively. SIADH occurs in approx 10%,
whereas hypercortisolism occurs in approx 1% of SCLC patients
(8). Hyponatremia is the hallmark of SIADH and the rate of
decline in sodium levels is typically prolonged in SCLC. The
clinical manifestations of hyponatremia, such as mental status
changes, seizures, or lethargy, may often be absent in SCLC
despite significantly low sodium levels. Similarly ectopic
ACTH syndrome in SCLC rarely results in the typical
Cushingoid features (10).
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SCLC is the most common type of lung cancer associated
with paraneoplastic autoimmune neurological syndromes. The
severity of the neurological symptoms is unrelated to tumor
bulk. Eaton-Lambert syndrome is commonly associated with
SCLC. It is characterized by proximal limb muscle weakness
and fatigue. Clinically this syndrome is distinguished from
myasthenia gravis by little or no involvement of the bulbar or
extra-ocular muscles. The antibody mediated impairment of
presynaptic neuronal calcium channel activity, which impairs
the nerve stimulus induced release of acethylcholine, has been
the implicated defect in neuromuscular transmission in this
syndrome (10).

The most characteristic peripheral neuropathy associated
with SCLC is subacute sensory neuropathy. Progressive impair-
ment of all sensory modalities with areflexia and marked sensory
ataxia followed by stabilization over a period of weeks are
characteristics of SCLC associated subacute sensory neuropa-
thy. It may precede the diagnosis of SCLC by several months
(58). Limbic encephalopathy, necrotizing myelopathy, and
intestinal dysmotility syndrome are among other SCLC-asso-
ciated neurological syndromes (59–61). Limbic encephalopa-
thy, associated with inflammatory infiltrate in the hippocampal
and medial temporal lobe regions, is characterized by memory
loss and behavior changes that often antedate the diagnosis of
cancer. Relatively acute, rapidly ascending paraplegia that
progresses to rapid deterioration and death is characteristic of
necrotizing myelopathy. In SCLC patients with peripheral neu-
ropathy and these rare neurological paraneoplastic syndromes,
type 1 antineuronal nuclear antibody (ANNA-1), also known
as anti-Hu, is a valuable serologic marker (62). Several inves-
tigators have reported cases of paraneoplastic intestinal
dysmotility syndrome associated with SCLC in patients with
serum antibodies to myenteric and submucosal neural plexuses
of the jejunum and stomach (61,63).

6. STAGING
6.1. NON-SMALL-CELL LUNG CANCER
The extent of disease, location of the primary tumor, and

associated clinical complications determine the staging of lung
cancer. It is important to include assessment of extra pulmo-
nary intrathoracic and extrathoracic metastasis for staging.
Staging can be classified as clinical and/or pathological. Clini-
cal staging is defined on the basis of the assessment of the
extent of the anatomic extent of disease prior to institution of
definitive therapy. Such assessment may include a medical
history, physical examination, various imaging procedures, and
the results of selected studies such as bronchoscopy,
esophagoscopy, mediastinoscopy, thoracentesis, and thoracos-
copy. Information from exploratory thoracotomy is not in-
cluded in clinical staging and such patients found unresectable
should be pathologically staged.

The International System for Staging Lung Cancer (64) was
adopted by the American Joint Committee on Cancer and the
International Union Against Cancer in 1997 (65,66) and has
had wide spread application since its adoption. Tables 1 and 2
illustrate the definitions and the stage grouping of the tumor-
node-metastases subsets (65,67). Invasion of phrenic nerve
secondary to direct extension of lung tumor is classified as T3.

Lung tumors located in the periphery directly invading the chest
wall and ribs are also classified as T3. T4 includes pleural tumor
foci that are separate from direct pleural invasion by the pri-
mary tumor. A separate lesion outside the parietal pleura, in the
diaphragm, or in the chest wall is designated as M1. Vocal cord
paralysis (resulting from involvement of the recurrent laryn-
geal nerve), superior vena caval obstruction, or compression of
the trachea or esophagus secondary to direct extension of the
primary tumor or to lymph node involvement should be classi-
fied as T4-stage IIIB. For “Pancoast” tumors, if there is evi-
dence of invasion of the vertebral body or extension into the
neural foramina, the tumor should be classified as T4. Discon-
tinuous tumor foci, that is only histologically detectable, would
be reflected in the pathological staging and would not affect the
clinical staging.

6.2. SMALL-CELL LUNG CANCER
Rather than tumor-node-metastases staging, SCLC is divided

into limited and extensive disease. A tumor that can be encom-
passed within a single, tolerable radiation port defines limited
disease, whereas all other tumors are characterized as exten-
sive. Given higher propensity for SCLC for early metastasis, all
patients should undergo detailed history and physical examina-
tion, a basic laboratory evaluation, chest computed tomogra-
phy (CT), bone scanning, and brain imaging. Although
controversial, bone marrow biopsy may play a role in overall
staging work up of selected SCLC.

7. DIAGNOSIS

A complete medical history and physical examination are
essential parts of the diagnostic process in the evaluation of
lung cancer. In smokers, it is important to note any change in
the amount or consistency of the sputum. Patient should always
be questioned about exposure to environmental toxins and ir-
ritants, such as asbestos and smoking. Shortness of breath,
wheezing, chest pain, blood in the sputum, or frequent respira-
tory infections, bone pain, fatigue, and unintentional weight
loss can also increase the index of suspicion. Chest radiograph
is often one of the first tests used to evaluate patient suspected
of having lung cancer. Comparison with previous radiograph is
often helpful in such cases. It is important to note that patients
with persistent symptoms of cough and dyspnea with normal
chest radiograph may be hiding a central lesion that is not
obvious on chest radiograph. In such cases a CT scan of the
chest including the liver and the adrenal glands is of great util-
ity to further define the primary tumor and to identify lymphatic
or parenchymal metastases. Apical tumors (Pancoast’s tumors)
may also be difficult to detect on a chest radiograph, but are
usually readily detectable on a CT scan. An enlarged adrenal
gland should be biopsied because it may be the sole site of
metastatic disease in up to 10% of patients with NSCLC (38).

For a centrally located lesion, sputum cytologies for three
consecutive days can provide cytologic diagnosis. Bronchos-
copy can establish the cytological and/or histological diagnosis
in 80 to 85% of patients with a centrally located lesion (38). The
false-negative rates of bronchoscopic diagnosis of a peripher-
ally located lesions range from 20 to 50% (38). A CT-guided
needle biopsy can diagnose up to 90% of such peripheral lesions.
Mediastinoscopy may be needed in those patients whose CT
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scans are not conclusive regarding mediastinal lymph node
involvement and is essential in patients who are considered
candidates for surgery. The subaortic and aortopulmonary win-
dow regions are inaccessible by standard cervical mediastinos-
copy. Thoracentesis should be performed in individuals who
have pleural effusions. Video-assisted thoracoscopic surgery
is the next option in patients in whom thoracentesis does not
show malignant cells. Tumor markers have no role in the stag-
ing of NSCLC at the current time.

Once the diagnosis is confirmed, it is important to assess
any presence of distal metastasis. Patients with clinical stage
I and II NSCLC who have normal blood chemistry and blood
counts have a low chance of brain and bone metastasis, thus,

brain and bone imaging may be omitted in the absence of symp-
toms. Brain and bone scans, however, should be obtained as
part of evaluation and staging of SCLC.

Over the past several years, positron emission tomographic
(PET) scanning with 2-fluoro-2-deoxy-D-glucose has emerged
as an important noninvasive test for mediastinal assessment
(68). The combination of PET and CT appears to have even
better sensitivity and specificity than the use of either method
alone. In patients with suspected or proven NSCLC considered
resectable by standard staging procedures, PET can prevent
non-therapeutic thoracotomy in a significant number of cases.
PET use for mediastinal staging should not be relied on as a sole
staging modality, and positive findings should be confirmed by

Table 1
TNM (Tumor, Regional Lymph Nodes, Metastasis) Definition (65,71)

Primary tumor (T)

TX Primary tumor cannot be assessed. Tumor cannot be visualized by imaging or bronchoscopy but can be proven by
the presence of malignant cells in sputum or bronchial washings.

T0 No signs of primary tumor.

Tis Carcinoma in situ.

T1 Tumor is �3 cm in greatest dimension. Tumor is surrounded by lung or visceral pleura. No bronchoscopic evidence
of invasion more proximal than the lobar bronchus (not the main bronchus). The uncommon superficial tumor of any
size with its invasive component limited to the bronchial wall with extension proximal to the main bronchus can also
fall under T1.

T2 Tumor with any of the following features:
>3 cm in greatest dimension, main bronchus involvement, �2 cm distal to carina, visceral pleural invasion, associated
with atelectasis or obstructive pneumonitis that extends to the hilar region without involvement of the entire lung.

T3 Any size tumor with direct invasion of any of the following:
Diaphragm, mediastinal pleura, parietal pericardium, chest wall (including superior sulcus tumors); or tumor in the
main bronchus <2 cm from carina, but without involvement of the carina; or associated atelectasis or obstructive
pneumonitis of the entire lung.

T4 Any size tumor with invasion of any of the following:
Heart, great vessels, trachea, esophagus, vertebral body, carina, mediastinum; or separate tumor nodules in the same
lobe; or tumor with a malignant pleural effusion. When multiple cytopathologic examinations of effusion are
negative for tumor and when clinical judgement indicate that the effusion is not related to tumor, the effusion should
be excluded as a staging element and the patient should be staged as T1, T2, or T3.

Regional nodes (N)

NX Regional nodes cannot be assessed.

N0 No evidence of regional nodal metastasis.

N1 Ipsilateral peribronchial and/or ipsilateral hilar nodal and intrapulmonary nodal (including involvement by direct
extension of the primary tumor) metastasis.

N2 Ipsilateral mediastinal and/or subcarinal nodal metastasis.

N3 Contralateral mediastinal, contralateral hilar, ipsilateral or contralateral scalene, or supraclavicular lymph nodal
metastasis.

Distant metastasis (M)

MX Distant metastasis cannot be assessed.

M0 No evidence of distant metastasis.

M1 Presence of distant metastasis. This includes separate tumor nodule(s) in a different lobe (ipsilateral or contralateral).
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mediastinoscopy. Metastatic disease, especially a single site,
identified by PET requires further confirmatory evaluation (69).
The gold standard for mediastinal evaluation is still lymph node
biopsy either by means of bronchoscopy or, if needed, medias-
tinoscopy.

8. BONE METASTASES

Approximately 25% of the four million people who die in
the United States each year, die from cancer and approx 70% of
these have either breast, lung, or prostate cancer (70). In the
United States, more than 350,000 people die annually from
bone metastasis and if patients in the European Union and Japan
are included, the previous number would be two to three times
higher. The incidence of bone metastasis also depends on the
longevity of a patient with a particular malignancy. There is
higher prevalence of bone metastasis in patients with breast and
prostate cancer who live longer with their respective malignan-
cies as compared to those patients with lung malignancies. There
are different patterns of bone metastasis in patients with cancer,
ranging from osteolytic, as in breast cancer and myeloma, to
mostly osteoblastic, as in prostate cancer. Although lung can-
cer can metastasize to many parts of body, this section would
concentrate primarily on bone metastasis.

Bone metastasis is frequently associated with severe intrac-
table bone pain. The mechanism of pain is not completely under-
stood, however, evidence suggests osteolysis as a possible etiology
(71). This is supported by the observation that bone-resorption

inhibitors like osteoprotegrin (OPG) or bisphosphonates may be
used to alleviate bone pain (72). Bone metastasis may result in
pathological fractures, which often occur in weight-bearing
bones. Leukoerythroblastic anemia, bone deformity, hypercal-
cemia, and nerve-compression syndromes are some of the other
consequences of bone metastasis (73). The initial steps in the
development of bone metastasis include primary tumor invad-
ing their surrounding normal tissue followed by travel to dis-
tant sites. During this process, the cancer cells that survive
enter the wide-channeled sinusoids of the bone-marrow cavity
and become a potential site for bone metastasis. These cells
must have the capacity to migrate across the sinusoidal wall,
invade the marrow, generate their own blood supply, and travel
to the endosteal bone surface where they stimulate osteoclast or
osteoblast activity.

Traditionally it has been thought that bone metastases are
either osteolytic or osteoblastic, but morphological analysis
has revealed that in most patients bone metastases have both
osteolytic and osteoblastic elements. In osteolytic lesions, the
main mediator is PTHrP, whereas in osteoblastic lesions,
endothelin-1 and platelet-derived growth factor are the known
mediators (73). Osteoclast stimulation by known mediators lead
to osteolysis and not the direct effects of cancer cells on bone
(74). Even when lesions appear grossly to be osteolytic, there
is usually also a local bone formation response reflected by an
increase in levels of serum alkaline phosphatase and increased
uptake of bone-scanning agents at the site of lesion.

Table 2
Lung Cancer Staging With Respective Treatment and Prognosis (1)

Stage Tumor (T) Node (N) Metastasis (M) Primary treatment Outcome

Non-small-cell lung cancer

Local
IA T1 N0 M0 Surgery and adjuvant chemotherapy 5-yr survival: >60–70%
IB T2 N0 M0

IIA T1 N1 M0 Chemotherapy with or without 5-yr survival: >40–50%
radiotherapy

Locally advanced
IIB T2 N1 M0 Chemotherapy with or without 5-yr survival: >40–50%

T3 N0 M0 radiotherapy

IIIA T1 N2 M0 Resectable IIIA: Neoadjuvant Resectable IIIA:
T2 N2 M0 chemotherapy followed by surgery 5-yr survival: 15–30%
T3 N1 M0 Nonresectable IIIA/IIIB: Nonresectable IIIA/IIIB:
T3 N2 M0 Concurrent chemotherapy and 5 yr survival: 10–20%

IIIB Any T N3 M0 radiotherapy

Advanced
IIIB T4 Any N M0 Chemotherapy with 2 agents Median survival: 8–10 mo
IV Any T Any N M1 for 3–4 cycles 1-yr survival: 30–35%

Surgery for solitary brain metastasis 5-yr survival: 10–20%

Small-cell lung cancer

Limited disease Tumor confined to ipsilateral hemithorax; Chemotherapy with concurrent 5-yr survival: 15–25%
can be encompassed by a single radiation radiotherapy
port

Extensive disease All other diseases, including metastatic Chemotherapy 5-yr survival: <5%
disease
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It has been shown that human osteolytic breast cancer cells
express PTHrP in vivo, which is the main mediator of osteo-
clast activation. When tumor cells are present at the metastatic
bone site, PTHrP expression is greater than when tumor cells
are present in soft-tissue (75). This implies that PTHrP is a
specific mediator of osteolysis in metastatic breast cancer, and
is likely to be the mediator in most other osteolytic malignan-
cies (76,77). The role of PTHrP in mediating osteolysis is com-
plex. One hypothesis is that tumor cells expressing high levels
of PTHrP are selected for their ability to metastasize to bone
alternatively, the bone microenvironment may increase PTHrP
expression from malignant cells that have spread there (73).
Henderson et al. (78) demonstrated that PTHrP expression by
primary tumors is associated with a more favorable outcome,
whereas other preclinical and clinical data have associated
PTHrP production with increased bone metastatic potential.
However, despite the complexity regarding the role of PTHrP
in inducing osteolysis, osteolysis induced by human breast
cancer metastasis has been shown to be blocked by neutralizing
antibodies against PTHrP (79). In vivo, compounds that spe-
cifically decrease PTHrP expression have been shown to inhibit
osteolysis caused by human cancer cells (73).

Hypercalcemia secondary to extensive bone destruction as
commonly seen in patients with lung, breast, renal, ovarian,
and pancreatic malignancies along with myeloma, is mostly
owing to the production of PTHrP by the tumor (80), after
which PTHrP acts on PTH receptors leading to increased bone
resorption and increased renal tubular calcium reabsorption
(81). Neutralizing antibodies to PTHrP have also been shown
in preclinical studies to be effective treatment of such hypercal-
cemia. PTHrP stimulates osteoclasts also by stimulating pro-
duction of the cytokine receptor activator of nuclear factor-..
ligand (RANKL), which, in turn, binds and activates RANK as
expressed by osteoclasts. OPG and bisphosphonates can pre-
vent bone destruction as they block the association of RANKL,
as well as other ligands, with RANK. Mostly all other media-
tors of osteoclastic bone resorption also signal through
RANKL. However, experimental results obtained from block-
ing RANKL activity do not reveal the importance of the tumor-
specific production of RANKL. There is an ongoing debate
about the exact role of RANKL in the osteolytic bone activity
that is associated with human solid tumors and myeloma. Gene
mutations encoding mutant estrogen receptors, interleukin-8,
and the receptor for PTH have also been associated with bone
metastasis (73).

Multiple factors have been identified that stimulate bone
formation associated with metastatic tumors. Endothelin-1 is
the ubiquitous growth factor that is implicated in stimulating
bone formation and osteoblast proliferation in bone organ cul-
tures. Studies have shown that in patients with osteoblastic
metastasis endothelin-1 is increased in circulation (82,73). This
is further strengthened by the evidence that endothelin-A-recep-
tor antagonists have been shown in vivo to inhibit osteoblast
proliferation and bone metastasis (73). Transforming growth
factor-⇓2 has also been shown to stimulate the proliferation of
osteoblasts in vitro, and bone formation in vivo, implicating it
as a candidate mediator of osteoblastic metastasis (73). An

amino-terminal fragment of serine protease urokinase (uPA)
has been shown to have mitogenic activity for osteoblasts. An
overexpression of uPA by rat prostate cancer cells has been
shown to induce bone metastasis in vivo (73). Izbicka et al. (83)
have demonstrated that osteoblasts can be activated by human
tumor cell line producing extended form of basic fibroblast
growth factor (FGF)-2, subsequently causing bone formation
in vivo. There is also some evidence that platelet-derived
growth factor-BB has a role as mediator of the osteoblastic
response in some tumor types (74).

Currently available as well as under investigation therapeu-
tic options for bone metastasis include bisphosphonates, OPG,
RANK-Fc, PTHrP antibodies, vitamin D analogs, and
endothelin-A-receptor antibodies (Table 3) (73). So far there
has been little research done eliciting factors that might be
responsible for osteolysis in tumors other than breast and pros-
tate cancers and myeloma. Although the answer is still noncon-
clusive, it seems likely that bisphosphonates may be effective
in treating bone metastasis from other malignancies as cellular
mechanisms responsible for osteolysis are fundamentally iden-
tical.

9. TREATMENT
9.1. NON-SMALL-CELL LUNG CARCINOMA
It has been generally agreed by all investigators that resec-

tion of the lobe containing the tumor is the standard treatment
for clinically staged IA, IB, IIA, and IIB NSCLC. A similar
consensus exists for patients with stage IV NSCLC emphasiz-
ing nonoperative treatment except for a rare case of patient with
a solitary brain metastasis. Multi-modality therapy is recom-
mended for stage IIIA and IIIB disease, but its exact nature and
sequence still remain controversial. In resectable cases, lobec-
tomy is the procedure of choice given higher incidence of recur-
rence with lower 5-yr survival with wedge or segmental
resection. Five-year survival rates for respective pathological
stage are illustrated in Table 2.

Table 3
Novel Approaches to Treating Bone Metastases

Treatment Mechanism

Bisphosphonates Block bone resorption. May block tumor-
cell mitosis and stimulate tumor-cell
apoptosis. May alleviate the bone pain.

Osteoprotegerin Prevents RANKL from binding its receptor
thus preventing osteoclast stimulation.

RANK-Fc Prevents RANKL from binding its receptor
and osteoclast stimulation.

PTHrP antibodies Neutralize PTHrP.

Vitamin D analogs Decrease PTHrP production.

Endothelin-A receptor Blocks endothelin-1 activity thus inhibiting
antagonists ostoblast proliferation and bone metastasis.

RANK-Fc, receptor activator of nuclear factor-. B-fragment crystal
2a; RANKL, receptor activator of nuclear factor-. B ligand; PTHrP,
parathyroid hormone-related peptide.
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9.1.1. Adjuvant Radiotherapy
Adjuvant radiotherapy has been considered with the theory

of eliminating small deposits of malignant cells adjacent to or
draining from the primary tumor site. The results of adjuvant
radiotherapy have been quite variable (84–86). In 1998, a large
meta-analysis suggested that adjuvant radiotherapy was detri-
mental, with a 21% increase in the relative risk of death (87).
However, modern radiotherapy and staging techniques were
not included in this dated meta-analysis data. In 1986, the Lung
Cancer Study Group demonstrated that, in N2 disease, adjuvant
radiotherapy prevented local recurrence but did not improve
overall survival (OS) (84). The rationale for the use of adjuvant
radiation in otherwise healthy patients with N2 disease is based
on this study. Unless the surgical margins are positive and
repeated resection is not feasible, adjuvant radiotherapy has
no role outside of a clinical trial for any other type of patients.

9.1.2. Adjuvant Chemotherapy
Even with adequate surgical resection, the prognosis for

early NSCLC patients is sub-optimal, probably owing to unde-
tectable microscopic metastasis at diagnosis. Chemotherapy
with cytotoxic agents in theory may improve survival by elimi-
nating micro-metastases. The most active chemotherapy agents
(Table 4) against NSCLC are platinum agents, thus, becoming
the rationale for most modern trials using platinum-based regi-
mens. Most trials have failed to show a statistically significant
benefit of adjuvant chemotherapy in NSCLC (88–91). A few
trials did show a 10 to 15% survival advantage many years after
diagnosis in patients with stage III or incompletely resected
tumors (92,93). In 1995, a large meta-analysis evaluated data
from adjuvant chemotherapy trials from 1965 to 1991 (94). It
demonstrated that adjuvant therapy with alkylating agents (cy-
clophosphamide and nitrosourea) was detrimental, whereas
treatment with cisplatin-based therapy resulted in a 13% reduc-
tion in the risk of death, but statistical significance was not
reached with p = 0.08. Similarly, the Eastern Cooperative
Oncology Group failed to show a benefit of adjuvant therapy
with cisplatin, etoposide, and radiotherapy (88). Recently pub-
lished results of the International Adjuvant Lung Cancer Trial
(IALT), a randomized study of 1867 NSCLC patients compar-

ing cisplatin-based adjuvant chemotherapy to no adjuvant
therapy, showed an absolute benefit of 5% for disease-free
survival (DFS) at 5 yr (p < 0.003) and of 4% for OS (p < 0.03)
(95). Adjuvant platinum-based chemotherapy should be con-
sidered in selected patients with stage I, II, or IIIA NSCLC
based on the IALT and aforementioned meta-analysis results.

9.1.3. Locally Advanced Unresectable (Stage IIIB) NSCLC

Radiation treatment dose of 60 Gy used to be the mainstay
of treatment for unresectable NSCLC. The long-term survival
remains poor (96). In 1990, a landmark study assessing the role
of combined modality treatment for stage III NSCLC patients
demonstrated increased 3-yr survival rates (23 vs 11%) and
long-term survival in the favor of treatment with chemotherapy
and radiotherapy compared to radiotherapy alone (97,98).
Pritchard and Anthony (99) in a meta-analysis showed a sig-
nificant decrease in the relative risk of death at 1- and 3-yr with
combined therapy for unresectable disease. Similarly, a second
meta-analysis showed a 24% risk reduction of death at 1 yr and
a 30% reduction at 2 yr with combined cisplatin-based chemo-
therapy and radiotherapy (100). In 1999, Furuse et al. (101)
first showed that concurrent chemotherapy and radiotherapy
improved survival when compared to sequential therapy in
stage III unresectable NSCLC. These results were later con-
firmed by Radiation Therapy Oncology Group 9410 trial as
reported in 2003 (102).

9.1.4. Locally Advanced Resectable NSCLC

Neoadjuvant chemoradiotherapy followed by complete
resection is the preferred approach to Pancoast’s tumor.
These tumors have the tendency to invade surrounding tho-
racic inlet structures. Pancoast’s tumors are associated with a
high incidence of local recurrence as tumor free margins cannot
be obtained. Among these patients receiving adjuvant radio-
therapy alone, historical 2-yr survival rates have been approx
20% (103). The 2-yr survival rate with combined neoadjuvant
chemotherapy and radiotherapy followed by surgical resection
is in the range of 50 to 70% (104,105). Aggressive multi-
modality therapy have shown significant survival advantage
even in patients with vertebral invasion by the tumor (106).

The success of neoadjuvant combined modality therapy in
patients with unresectable (N2) tumors has resulted in its use in
patients with resectable N2 tumors. In 1989, a small study,
assessing the role of neoadjuvant cisplatin-based chemotherapy
followed by surgery and radiotherapy in patients with resect-
able stage III disease, reported median survival of 32 mo and
the 1-yr survival rate of 75%, both of which were higher than
previously reported rates (107). In 1994, a randomized trial of
60 patients with Stage IIIA NSCLC comparing neoadjuvant six
cycles of cisplatin based therapy to surgery alone, reported
median survival of 64 mo in neoadjuvant arm vs 11 mo in
surgery only arm with the 3-yr survival rates of 56 and 15%,
respectively (108). In 1994, another randomized study of 60
patients with resectable NSCLC compared surgery alone to
neoadjuvant cisplatin-based chemotherapy followed by sur-
gery and radiotherapy (109). Long-term follow up in both of
these studies supported superiority of combined modality treat-
ment approach (110,111). On the other hand, Depierre and
colleagues (112) in a study of 355 patients with early NSCLC
who were randomized to receive either neoadjuvant chemo-

Table 4
Active Chemotherapy Agents for Lung Cancer

Drug Type of agent

Platinum agents
Cisplatin Atypical alkylator
Carboplatin Atypical alkylator

Nonplatinum agents
Etoposide Topoisomerase II inhibitor
Topotecan Topoisomerase I inhibitor
Irinotecan Topoisomerase I inhibitor
Gemcitabine Antimetabolite
Paclitaxel Microtubule inhibitor
Docetaxel Microtubule inhibitor
Vinorelbine Microtubule inhibitor
Vincristine Microtubule inhibitor
Doxorubicin Anthracycline antibiotic
Cyclophosphamide Alkylating agent
Ifosfamide Alkylating agent
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therapy followed by surgery or surgery alone, found a nonsig-
nificant (p = 0.15) trend towards a survival advantage for com-
bined therapy group. Subgroup analysis failed to show any
benefit of combined therapy in patients with N2 disease. The
risk of distant recurrence was noted to be lower in the chemo-
therapy group, whereas no significant difference was noted in
the risk of locoregional relapse.

To further investigate the role of surgery in stage IIIA
NSCLC, Albain et al. (113) reported a phase III study compar-
ing definitive concurrent chemotherapy and radiotherapy (CT/
RT) to induction CT/RT followed by surgery. The initial results
suggested superior DFS for the group receiving induction CT/
RT followed by surgery (p = 0.02). Although there was a trend
towards improved OS favoring the surgery group, the differ-
ence had not yet reached statistical significance at 3-yr follow
up (113). Taking everything together, it is likely that
multimodality protocols are the best treatment option for patient
with locally advanced but resectable NSCLC.

9.1.5. Advanced Disease

Chemotherapy is the backbone of treatment for metastatic
NSCLC. Response rates, however, are low with poor survival.
Compared with supportive care, moderate gains of 2 to 4 mo
increase in survival have been reported with chemotherapy. An
increase of 10 to 20% in 1-yr survival rates have been reported
with the use of chemotherapy to treat patients with advanced
disease (94,100). Studies have suggested benefits in terms of
time to disease progression and the quality of life (114–116).
These benefits were noted in NSCLC patients with good func-
tional status.

Single agent platinum therapy remained the mainstay
therapy for advanced NSCLC until 1990. With the develop-
ment of taxanes, gemcitabine, and vinorelbine, several ran-
domized trials evaluated newer agents in combination with
cisplatin as compared to cisplatin alone (117–121). These trials
demonstrated higher response rates and acceptable toxicity with
combination chemotherapy (117–121). In 2000, the first trial
showing better response rate with modern combination of
paclitaxel and cisplatin compared to older regimen of etoposide
and cisplatin was reported (122). In 2002, Schiller et al. (123)
compared four commonly used two-drug regimens for ad-
vanced NSCLC. The four platinum-based chemotherapy regi-
mens showed similar efficacy (123). A summary of major trials
in NSCLC has been illustrated in Table 5. Several trials have
evaluated three-drug regimens and none of these showed supe-
riority to platinum-based doublets. Increased toxicity was reg-
istered with three-drug regimens and, thus, such regimens
should not be used (124,125). Several trials have demonstrated
that the elderly have similar rates of tolerance and benefit from
chemotherapy as much as younger patients (126,127). Currently,
patients with advanced NSCLC, without contraindications,
should receive a two-drug chemotherapy regimen (128).

The optimal duration of therapy in patients with advanced
NSCLC was evaluated by randomized trials that compared
three cycles of cisplatin-based therapy with six cycles
(129,130). These trials found only increased toxicity with pro-
longed chemotherapy administration, thus, leading to a conclu-
sion that patients with advanced NSCLC should initially be

limited to only three to four cycles of two-drug chemotherapy
(129,130). Ultimately all patients will progress. The results of
several randomized studies suggest that docetaxel may offer
some survival benefit in a second line setting when compared
to supportive care and other agents (131,132).

Surgery has a beneficial role in NSCLC patients with a soli-
tary metastasis. For patients undergoing resection of a solitary
brain metastasis followed by whole brain radiotherapy, the 5-yr
survival rate can reach 10 to 20% (133,134). Although the data
is less conclusive, resection of solitary adrenal metastasis may
increase long-term survival (135,136).

Novel treatment paradigm calls for development of targeted
therapies for NSCLC. The Genotypic International Lung Trial
is first of a kind trial in which patient genotypes would deter-
mine their respective treatment plan. This trial plans on enroll-
ing over 400 patients with stage IV NSCLC. Patients with only
⇓-tubulin mutations will receive gemcitabine and cisplatin;
those with ERCC1 overexpression alone will receive
gemcitabine and docetaxel; those with both aberrations will
receive gemcitabine and CPT-11; and those with no alterations
will receive docetaxel and cisplatin as the control arm. The shift
toward more specific, biochemically targeted cancer therapies
is the current trend in the design of clinical trials and drug
developments.

10. TARGETED THERAPY

The overall cure rate of lung cancer is dismal, primarily
because of a delayed stage at diagnosis and inability of conven-
tional chemotherapy to cure systemic disease. Targeted therapy
with novel agents, such as epidermal growth factor receptor
inhibitors including cetuximab and ABX-EGF, or tyosine kinase
inhibitors including gefitinib and erlotinib, have been a very
active area of basic and translational research in the past few
years. Phase II monotherapy trials employed gefitinib in sec-
ond- and third-line setting in patients with recurrent NSCLC
showing response rate ranging from 11 to 18%. Based on these
results, gefitinib was approved by US Food and Drug Admin-
istration for treatment of refractory metastatic NSCLC that
progressed after platinum-based and docetaxel chemotherapy
(137). Phase III trials comparing combination of gefitinib and
chemotherapy in chemo-naïve patients with advanced NSCLC
showed no survival advantage over chemotherapy alone (138).
The role of these agents in early stage lung cancer is currently
under investigation. Development of new targeted agents for
the treatment of lung cancer has been challenging. Better under-
standing of the disease, careful patient selection, and proper clini-
cal trial design are needed before we can sort out a myriad of
potential targets in our search for a few that may have an impact
on this deadly disease (138).

10.1. SMALL-CELL LUNG CANCER
10.1.1. Limited Disease

Although the majority of patients with SCLC present with
advanced stage disease, approximately one-third of SCLC
patients present with disease that is limited to the thorax.
During the 1970s, the relative sensitivity of SCLC to chemo-
therapy became apparent. Chemotherapy is now the mainstay
for treatment of SCLC. Several studies have showed superior-
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ity of combination chemotherapy compared to single agent
therapy (139,140). The combination of etoposide and cisplatin
(EC) is currently the most commonly used regimen because it
compared favorably with an older regimen of cyclophospha-
mide, doxorubicin, and vincristine (141,142).

For limited diseases, a reasonable current standard is to
deliver thoracic radiation concurrent with combination chemo-
therapy. A 15% risk reduction of death with combination
chemo-therapy and radiotherapy when compared to chemo-
therapy alone in patients with limited stage SCLC has been
suggested by two meta-analyses (143,144). Concurrent chemo-
therapy and radiotherapy resulted in superior 5-yr survival
compared to sequential therapy (145). Turrisi et al. (146)
reported results of a randomized trial showing improved 5-yr
survival with minimal additional toxicity with hyper-fraction-
ated radiotherapy with the same total dose of 45 Gy.

SCLC is associated with high risk of development of brain
metastasis. Prophylactic cranial irradiation (PCI) remains con-
troversial as most trials have shown a reduction in central ner-
vous system (CNS) relapse rates but a little effect on survival
(8). The current recommendations with regards to PCI in patients
with limited stage SCLC indicated that PCI should be used only
when patients have achieved a complete or near-complete
remission of disease outside of the CNS.

10.1.2. Extensive Disease
Approximately two-thirds of SCLC patients have extensive

disease at diagnosis and without treatment, the median survival
in this group of patients is 6 to 8 wk. Treatment with combina-
tion chemotherapy increases median survival duration to
approx 8 to 10 mo. The most commonly used regimen is EC
(Table 6). One study had suggested that carboplatin is equiva-
lent to cisplatin in extensive stage NSCLC (147). A recently
reported randomized trial compared EC to irinotecan and
cisplatin (IC) regimen in patients with extensive disease (148).
The IC group had increased median survival and 2-yr survival
rate with less severe hematologic toxicity but a high incidence
of diarrhea (148). Addition of paclitaxel to EC regimen for
extensive SCLC patients failed to show significant survival
advantage while increasing toxicity (149,150). Topotecan has

been shown to have beneficial activity as second line therapy
in patients with SCLC (151).

Radiation therapy remains the most appropriate modality
for the treatment of SVC syndrome, spinal cord compression,
brain metastasis, and localized bone pain. However, patients
with more extensive disease without local exigencies should be
considered for palliative chemotherapy as it may relieve local
symptoms as well as possibly prolong survival.

11. MANAGEMENT OF BONE METASTASIS

Standard management of bone metastasis includes radio-
therapy and bisphosphonates for pain control or prevention of
pathological fractures and observation for asymptomatic patients.
In addition, orthopedic surgical procedures are used to prevent or
correct pathological fractures in weight-bearing areas. Osteo-
clast function inhibitors, including bisphosphonates and gal-
lium nitrate, have been shown in clinical trials to decrease
bone-related complications. Recently, bisphosphonates have
become an integral part of the management of bone metastasis
(152–156).

Improved biological understanding of osteoclastogenesis
has facilitated identification of OPG or bisphosphonate as a
critical modulator of osteoclast activity (72,157). In 2003,
Tchekmedyian et al. (152) reported results of a phase III trial
assessing long-term safety and efficacy of zoledronic acid in
reducing skeletal complications in patients with bone metasta-
sis from solid tumors other than breast or prostate cancer. Fewer
zoledronic acid treated patients developed skeletal-related
event (SRE) compared with placebo treated patients (152). The
majority (57%) of the study population had lung cancer and it
demonstrated 31% risk reduction of developing a skeletal event
with zoledronic acid compared to placebo. This was the first trial
to demonstrate long-term safety and efficacy of bisphosphonate
therapy in patients with bone metastasis from lung cancer. In
2003, Yano et al. (156) reported beneficial effects of combina-
tion therapy with bisphophonate and chemotherapy for
SCLC patients with multiple organ metastasis including
bone metastasis.

Table 6
Randomized Trials of Small-Cell Lung Cancer

Trials Results

Extensive disease
EC vs cAV vs EC alternating with cAV (141). Alternating regimens failed to show any advantage. Patients in EC group more

likely to have a response to therapy.
EC vs cAV vs. EC alternating with cAV (142). No difference in survival among groups. Alternating regimens failed to show

any advantage.
EC vs. Irinotecan plus C (148). EC group: MS = 12.8 mo; 2 yr OS = 19.5%.

Irinotecan plus C group: MS = 9.4 mo; 2 yr OS = 5.2%.
Limited disease

Concurrent EC plus RT vs Sequential EC plus RT (145). Improved 2- and 5-yr OS rates with concurrent therapy.
Chemotherapy with once daily RT vs chemotherapy 5 yr OS rate with twice daily RT: 26%.

with twice daily RT (146). 5 yr OS rate with once daily RT: 16%.

E, etoposide; C, cisplatin; A, doxorubicin; V, Vincristine; c, cyclophosphamide; MS, median survival; yr, year, mo, month; OS, overall survival;
RT, radiotherapy.
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Radiotherapy and bisphosphonates can provide pain relief,
however, neither has been shown to prolong survival (155).
New treatments are needed for known bone metastasis and for
patients who are at high risk for developing such metastasis.
Enzyme pro-drug gene therapy treatment strategies currently
are being investigated for their potential benefit in designing
novel therapies for bone cancer.
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1. INTRODUCTION

Thyroid cancer, the most common endocrine malignancy,
accounts for 1.1% of all the newly diagnosed malignancies in
the United States (1). It occurs three times more commonly in
women. Its annual incidence has increased over the last few
decades, possibly in part owing to improved diagnosis and
cancer registration (2). However, the mortality rates owing to
thyroid cancer have decreased by 20% between the years 1973
and 1996, because of early diagnosis, and better surveillance
and treatment.

The various types of thyroid cancers are listed in Table 1 (3).
Differentiated thyroid cancers (DTCs), which include papil-
lary and follicular thyroid cancers, comprise 90% of all thyroid
cancers (4). They originate from the follicular cells of the thy-
roid. They are also responsible for 70% of the mortality owing
to thyroid cancers. Because papillary and follicular thyroid
cancers are the main types, and are treated in a similar fashion,
most of the subsequent discussion will be centered on these,
while highlighting the difference between the two.

1.1. METASTATIC BONE DISEASE
Thyroid cancer can spread to lymph nodes or metastasize to

distant sites such as lungs, bones, liver, and brain. Only 1 to 3%
of the patients have distant metastasis at the time of initial
diagnosis (5). Seven to twenty-three percent of the patients
develop distant metastasis during their lifetime. Bone metasta-
sis occurs in 4 to 13% of the cases (5–7). Half of these patients
have bone metastasis at the initial presentation. One-third to half
of those with bone involvement have multiple bone metasta-

Table 1
Types of Thyroid Cancera

Primary tumor
Differentiatedb

Papillary
Follicular

Poorly differentiated (insular)
Anaplastic
Hurthle cell
Medullary
Miscellaneous epithelial tumor

Squamous cell, adenosquamous, mucin producing,
mucoepidermoid, hyalinizing trabecular, teratoma, clomunar
cell

Non-epithelial tumor
Lymphoma
Sarcoma

Secondary (metastatic) tumor
Melanoma, renal cell carcinoma, breast cancer, lung cancer

aAdapted from ref. 3.
bThere are different variants of papillary and follicular cancer.

sis, and one-third have other site involvement (5,7,8). Bone
involvement can be a risk factor for occurrence of cerebral
metastasis (9). Vertebrae are the most commonly affected site
for bone metastasis, occurring in nearly 50% of the patients,
followed by pelvis, ribs, femur, skull, humerus, clavicle, and
scapula (5).

Two-thirds to three-fourths of all bone metastasis are symp-
tomatic. Symptoms usually include pain and/or swelling, but
may also include fractures (in 5% of the patients) and cord
compression (3.5%). The “visible” bone metastasis are invari-
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ably osteolytic lesions (7), although osteosclerotic lesions have
also been reported (10). Of patients with bone metastasis, 28–
60% present with symptoms related to bone metastasis (5,7,8).

All symptomatic lesions are visible on radiographic studies
(5,8). The remaining bone metastases may be picked up by
other imaging techniques like radioactive 131I whole body scan,
99Tc bone scan and sestamibi scan. The majority of patients
with bone metastasis (86–93%) have follicular thyroid cancer,
with the rest being papillary thyroid cancer (7,8). However,
Tickoo et al. (11) reported that among patients of thyroid can-
cer with bone involvement seen at a tertiary referral center,
28% were papillary, 22% follicular, 20% insular, 13% anaplas-
tic, 11% Hurthle cell, and 6% were medullary cancer. Two-
thirds of these patients had similarly differentiated and
one-third had better differentiated metastatic tumor as com-
pared to the primary tumor. The patients with bone metastasis
also tend to be older at the time of diagnosis, 87% being older
than 45 yr of age (5). Metastatic thyroid tumors may rarely
synthesize thyroid hormone (12).

1.2. SPINE
As previously mentioned, the spine is a frequent site of bone

metastasis for thyroid cancer. About 12% of consecutive patients
with spinal metastasis were reported to be from thyroid cancer
(13). However, in an autopsy review of 140 cases of vertebral
metastasis reported in 1975, only 1 case of thyroid cancer was
reported (14). The spinal metastasis can be asymptomatic; or
can cause spinal cord compression (15,16), which can present
as Brown-Sequard syndrome (17) or distal cord compression
(18). DTC can also metastasize to the epidural space without
vertebral involvement (19), or cause isolated enlargement of
intervertebral foramen (20), or present as intramedullary spinal
cord metastasis (21). Spinal metastasis can also present as
paravertebral mass (22) or can extend extraspinally (23).

2. CLINICAL EVALUATION

The diagnosis of thyroid cancer is usually confirmed by
fine-needle aspiration of the thyroid (24). Other evaluations
include clinical assessment of the extent of lesion by palpation
of the thyroid, carotids, sternocleidomastoids, and lymph
nodes, and by ultrasound. Indirect laryngoscopy is performed
to evaluate vocal cords and, thereby, recurrent laryngeal nerve
involvement. If lymph nodes are present, needle aspiration of
the lymph nodes may be carried out.

Staging of the thyroid cancer is important for risk-stratifica-
tion and prognostication. Staging is based on the tumor-node-
metastases (TNM) system (Table 2) (25,26). Age is an important
part of staging as it is a significant factor in the determination of
prognosis, prognosis being better in patients younger than 45 yr
of age.

3. PROGNOSTIC FEATURES

The outcome of thyroid cancers can be assessed in terms of
long-term survival and recurrence rate of the cancer with treat-
ment. Mortality is higher in patients who are over 40 yr of age
at the time of diagnosis. Recurrence rates are high when age of
diagnosis is less than 20 yr or more than 60 yr (26,27). Although
men develop thyroid cancer less frequently, they have twice the
mortality as compared to women. In fact the decline in mortal-

ity over the last couple of decades has been seen only in women
(2). Other poor prognostic factors include: a family history of
thyroid cancer, tumors less than 4 cm in diameter, bilateral
disease, extrathyroidal extension, vascular invasion, regional
lymph node involvement, presence of nuclear atypia, tumor
necrosis, and distal metastasis (26). Tumors that do not or
poorly concentrate radioiodine have poorer prognosis. Follicu-
lar thyroid cancers seem to have more distant metastasis as well
as higher mortality as compared to papillary thyroid cancers
(28). Hurthle cell, tall cell, columnar cell, diffuse sclerosis, and
insular variants do poorly, as opposed to encapsulated papil-
lary, papillary microcarcinoma, and cystic papillary variants,
which have moderate to low risk. Other types such as undiffer-
entiated, anaplastic, and medullary carcinomas have worse
outcomes.

3.1. PROGNOSTIC VARIABLES AMONG PATIENTS
WITH METASTASIS

Among the patients of thyroid cancer with distant metasta-
sis, patients with bone metastasis have worse prognosis (29).
Long-term, patients with lung metastasis do better than patients
with bone involvement (30). Patients who had metastatic tissue
with radioactive iodine uptake had better survival as compared
to those with metastatic tissue that did not take up iodine (5,29).
Among the subgroup of patients with metastatic disease, older
patients and follicular tumors had poorer prognosis.

Among the patients with bone metastasis, detection of
metastasis as a revealing symptom of thyroid carcinoma,
absence of nonosseous metastases, radioiodine uptake, and
Hurthle cell subtype seemed to be associated with improved
prognosis (5,6). There seems to be no difference in survival in
patients with single bone lesion compared to those with mul-
tiple bone lesions (5).

Table 2
TNM Classification and Staging of Thyroid Cancer

Tumora Tx Primary tumor cannot be assessed
T0 No evidence of primary tumor
T1 �1 cm and limited to thyroid
T2 �1 cm �4 cm and limited to thyroid
T3 �4 cm and limited to thyroid
T4 Any size extending beyond thyroid capsule

Nodesb Nx Regional nodes cannot be assessed
N0 No metastasis to regional nodes
N1 Metastasis to regional nodes present

Metastasis Mx Presence of metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis present

Staging
Stage I �45 yr age, any T, any N, M0

�45 yr age, T1N0M0
Stage II �45 yrs age, any T, any N, M1

�45 yrs age, T2N0M0
Stage III �45 yrs age, T3N0M0 or any T,N1M0
Stage IV �45 yrs age, any T, any N, M1

aTumor size is greatest diameter of single nodule or largest nodule.
bRegional lymph nodes are bilateral cervical and upper mediastinal

nodes.
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4. MODALITIES OF TREATMENT

Because thyroid cancer is an uncommon disorder and has a
prolonged course, there are no prospective randomized con-
trolled trials to evaluate various modalities of treatment. Most
of the information and guidelines are based on retrospective
analysis of survival and recurrence data.

Various strategies for treatment of thyroid cancer include:
surgery, radioblation, external radiation, thyroxine suppres-
sion, and chemotherapy. Most of the time these modalities are
used together in a patient. National Comprehensive Cancer
Network guidelines on the treatment of thyroid cancer is the
most recent consensus statement of the experts in the field (31).

4.1. SURGERY
All patients of thyroid cancer should have thyroidectomy. If

the diagnosis of thyroid cancer is known before surgery, total
thyroidectomy or near-total thyroidectomy is the procedure of
choice (26,27). If the diagnosis of thyroid cancer was made
post-lobectomy of thyroid for thyroid nodule, then completion
total thyroidectomy is required for patients with likelihood of
recurrence, including patients with tumor size greater than 4 cm,
tumor with metastases, multifocal tumor, vascular invasion,
recurrent cancer, and tumor with involvement of resected mar-
gins (28,32). Lobectomy alone may be sufficient for tumor size
less than 1 cm. Experts disagree regarding completion thy-
roidectomy for patients with tumor size between 1 and 4 cm,
although this procedure offers long-term advantage in the
management of the patient. Total thyroidectomy may decrease
the recurrence of tumor and increase survival; would lead to
easier radioablation of the remaining thyroid tissue and thus
unmask any metastasis. Leaving less than 2 g of thyroid tissue
during surgery makes postoperative radioablation of the thy-
roid easier (33).

Patients with lymph node involvement should undergo
bilateral central compartment dissection or lateral modified
radical neck dissection in addition to total thyroidectomy (26).
Complications of permanent hypoparathyroidism and residual
recurrent laryngeal nerve injury occur in 2.6 and 3% of patients
undergoing total thyroidectomy (34), but tend to be lower with
experienced surgeons.

4.2. RADIOIODINE TREATMENT
Radioactive iodine (131I) is used for ablation of normal re-

sidual thyroid tissue after surgery, and to localize and ablate
cancer tissue.

4.2.1. Thyroid Remnant Ablation
Some normal thyroid tissue invariably remains after total

thyroidectomy (25). Radioiodine is used to ablate this tissue.
This helps in enhancing uptake in metastatic thyroid tissue (35),
as thyroid cancer and metastatic tissue is about 10 times less
avid in uptake of iodine as compared to normal thyroid tissue
(36). Destruction of the remaining thyroid tissue also allows
the patient to be followed up by serial serum thyroglobulin
measurements, because thyroid tissue (benign or malignant) is
the only source of thyroglobulin. In addition, it also destroys
the potential site of development of new tumor. Radioablation
of thyroid remnant is shown to improve survival (37). Many
clinicians use 30 mCi of 131I for ablation, a dose that was con-
venient to use in the pre-1997 era, when use of larger 131I doses

in ambulatory patients was not allowed. Some centers prefer to
use larger doses, usually 50 to 150 mCi, as the use of 30 mCi
may fail to ablate all of the residual thyroid tissue in nearly half
the patients, as compared to failure in one-fourth of the patients
with larger doses (38). The thyroid remnant ablation is usually
carried out 4 to 8 wk after surgery. The patient may require a
second ablation, if more than 0.5% uptake at 48 h is seen on a
diagnostic whole body scan done 6 to 12 mo later (26). While
using bigger doses of 131I, one has to be careful about occur-
rence of radiation thyroiditis, especially in patients with larger
thyroid remnant tissue.

4.2.2. Whole Body Scan
Whole body scans using 131I are performed to look for thy-

roid cancer metastasis. The rationale for this is that once com-
peting normal thyroid tissue is removed by surgery and ablation,
uptake in cancer tissue would be visualized. The whole body
scan can be performed in two ways: diagnostic scan and post-
therapy scan.

4.2.2.1. Diagnostic Scan
The diagnostic scan is performed at the time when the patient

is hypothyroid after stopping thyroxine, which is usually being
taken to suppress tumor growth (26). Usually 2mCi of 131I, is
administered. Larger doses may be more sensitive in picking up
metastatic tissue, especially pulmonary metastases, but they
may cause “thyroid stunning” effect and may decrease the effec-
tiveness of subsequent radioiodine for ablation of metastatic
cancer tissue (39). Using 123I may improve the image, but is
expensive.

The uptake of 131I by cancer tissue is thyroid-stimulating
hormone (TSH)-driven, and the results are not good if the
serum TSH is less than 30 mU/mL. Therefore oral thyroxine
is discontinued for 4 to 6 wk before scan, to let endogenous
serum TSH rise. However, by the time serum TSH is suffi-
ciently elevated, the patient is hypothyroid and usually uncom-
fortable. The duration of hypothyroidism in patients who have
to undergo total body scan can be reduced by switching the
patient from thyroxine to oral triiodothyronine (T3), which then
needs to be stopped for only 3 wk, because of its shorter half
life. Theoretically, prolonged elevation of TSH can also stimu-
late tumor growth. To obviate these problems of the traditional
protocol related to symptomatic hypothyroidism and prolonged
duration of elevated TSH, commercially available recombi-
nant human TSH (rTSH) injections can be used for diagnostic
scanning (40). Recombinant TSH is administered as a 0.9-mg
intramuscular injection on two consecutive days, without dis-
continuing thyroxine. This is followed by the administration of
4 mCi of 131I on the third day, and whole body scan and serum
thyroglobulin measurement on the fifth day. Higher doses of
131I is required for diagnostic scan in patients in whom rTSH is
used as they have a higher renal clearance of iodine as com-
pared to hypothyroid patients after thyroxine withdrawal. To
be reliable, the scanning has to be long enough to collect suf-
ficient counts. Using this protocol, the sensitivity of whole body
scan was not found to be very different from the traditional way
of performing a whole body scan (41). rTSH can also be useful
in patients with thyroid cancer who have insufficient endog-
enous TSH production because of secondary hypothyroidism
caused by pitutary or hypothalamic disease (42). rTSH injec-
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tions are well tolerated, with one-tenth of the patients com-
plaining of transient headache and nausea.

131I whole body scans can sometimes be falsely positive
(43). Iodine can be secreted into many body secretions such as
the nasopharynx, sweat, saliva, urine, and tears, which can
contaminate skin, hair, and clothes, especially saliva drooled
over chest, sweat into braided hair and urine on skin. Iodine can
also be concentrated in areas of inflammation and by certain
other malignancies. Vertebral hemangiomas may concentrate
131I and mimic metastasis to the spine (44). Eosophageal reten-
tion of swallowed 131I can give an artificial picture of uptake of
131I in the vertebral column (45). However, this can be elimi-
nated with repeat imaging after ingestion of food and water.

4.2.2.2. Post-Therapy Scan
The post-therapy scan is carried out 7 to 10 d after the 131I

radioablation for thyroid metastatic disease. Because larger
doses of 131I are administered during radioablation, this scan is
more likely to pick up metastatic foci not shown by other stud-
ies such as diagnostic whole body scan, ultrasound, computed
tomography (CT), magnetic resonance imaging (MRI), or other
scans such as whole body 99Tc scan or positron emission tomo-
graphy (PET) scan (46,47). Post-therapy scan, by showing the
presence or absence of metastasis, may change the risk classi-
fication of the patient. However, it is not clear if this changes
the subsequent treatment, as these patients are already known
to have metastasis, are being treated with 131I, and are likely to
be followed up by diagnostic whole body scan. This is one of
the few situations in medicine that the treatment may occasion-
ally precede the diagnosis.

4.2.2.3. Other Scans
Other scans such as 201thallium, 18F-FDG PET, 99Tcm-

tetrofosmin, and 99Tcm-sestamibi whole body scans have been
investigated for their role in the management of thyroid cancer
patients (48–51). Thallium, PET, and tetrofosmin scans seem
to be equally sensitive in detecting metastatic disease (48,49),
although they may be more effective than 131I scan in picking
up lymph node spread (49). Setamibi scan may be less effective
in delineating thyroid remnant or lung metastasis and may also
be more sensitive for lymph node metastasis (51). Combining
these scans with 131I whole body scan may increase the sensi-
tivity (48,49). These scans may be useful in patients who have
had partial thyroidectomy and have residual thyroid tissue
which may decrease the sensitivity of the 131I whole body scan,
and also in patients who have elevated serum thyroglobulin but
negative 131I scan (49). The use of these scans has yet to be
validated in larger studies.

4.2.3. Radioiodine Treatment for Residual Disease
The unique ability of thyroid cancer tissue to concentrate

iodine allows high levels of radioactivity to be delivered spe-
cifically to malignant tissue, which results in its destruction.
However, only half to two-thirds of metastases concentrate
iodine. The inability to concentrate iodine is seen more in eld-
erly patients and in Hurthle cell tumors (26). Pulmonary me-
tastases with negative diagnostic 131I scan but elevated
thyroglobulin can also be treated effectively (46). The use of
radioiodine therapy improves survival and decreases recur-
rences (27).

Radioiodine is administered after thyroxine is withdrawn
and the patient is hypothyroid. The method of calculating the
dose of 131I varies in different centers. The most common
method is to administer fixed doses depending on the type of
metastasis: lymph node (100–175 mCi), cancer growing
through the capsule (150–200 mCi), and distant metastases
including pulmonary metastases (200 mCi) (26). Alternatively
and more elegantly, the dose can be calculated depending on
the radiation that needs to be delivered to the malignant tissue
while keeping in mind the safe limits for the blood and the
whole body (52). Starting a low iodine diet of 50 ∝g/d 2 wk
before therapy can increase the intake of radioiodine and there-
fore its therapeutic effect (53). The simultaneous administra-
tion of lithium retains iodine in the malignant tissue longer and
prolongs the effect of radioiodine (54).

The acute complications of radioiodine therapy include mild
radiation sickness causing headache, nausea, vomiting; radia-
tion induced soft tissue reactions such as edema, hemorrhage
and pain; radiation thyroiditis causing neck pain and thyrotoxi-
cosis; radiation sialadenitis, glossodynia, dysguesia; and mild
bone marrow suppression (26). Late complications include mild
impairment of ovarian function (but no loss of fertility),
decreased spermatogenesis, a slight increase in the risk for
bladder cancer, colorectal cancer, and leukemia; and pulmo-
nary fibrosis in patients with diffuse lung metastases.

4.3. EXTERNAL RADIATION
External radiotherapy has a limited role in the management

of differentiated thyroid cancer (55). It may be beneficial in
patients who have postsurgically developed macroscopic re-
sidual disease and in a subgroup of patients who have papillary
tumor with microscopic residual disease after surgery, where it
may be used with or without radioiodine ablation (56). It may
also be used for palliation if thyroidectomy is not possible for
some reason as well as for the treatment of skeletal, brain,
hepatic, pulmonary, or subcutaneous metastases, especially if
they do not concentrate radioiodine. External radiation may
help in the local control of disease. Follicular tumors are less
radio-sensitive than papillary cancer. It is also used in patients
with anaplastic thyroid cancer, medullary carcinoma, and lym-
phoma of the thyroid.

4.4. CHEMOTHERAPY
This has a limited role and is used in the treatment of differ-

entiated thyroid cancers that are recurrent, inoperable, meta-
static, and do not concentrate 131I (57).Chemotherapy is mainly
palliative and there is no change in survival with its use. Doxo-
rubicin, bleomycin, and cisplatin are the main chemotherapeu-
tic agents used. Patients who respond to one agent are more
likely to respond to another agent in case of relapse. Combined
use of chemotherapy and external radiation may be helpful for
palliation in locally advanced cancer. It may have some benefi-
cial effect in patients with anaplastic carcinoma, medullary
carcinoma, and lymphoma of thyroid.

4.5. THYROXINE SUPPRESSIVE THERAPY
Because thyroid cancer seems to be dependent on TSH for

growth, all patients of thyroid cancer receive doses of thyrox-
ine to suppress TSH below normal level (58). The extent to
which serum TSH should be suppressed is controversial, most
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centers prefer to lower serum TSH to just below the normal
range. There is an apprehension that the suppression of serum
TSH to below normal levels for many years may cause osteoporo-
sis (59), although not all studies have supported this contention
(60,61). Nevertheless it is prudent to ensure adequate calcium
and vitamin D intake. Similarly low serum TSH is associated
with higher cardiovascular mortality (62). However, this has
not yet been documented in the patients on thyroxine suppres-
sive therapy. Recent studies by Cooper et al. (63) suggest that
high-risk patients, such as those with bone metastasis have the
most to gain from aggressive thyroid hormone suppressive
therapy.

5. FOLLOW-UP OF THE PATIENTS

Usually the patient with thyroid cancer would undergo a
total thyroidectomy, followed by ablation of the remnant thy-
roid tissue. Post-therapy whole body scan after radioiodine
given for thyroid remnant ablation and measurement of serum
thyroglobulin level is carried out. Then the patient is started on
suppressive doses of thyroxine. Six to 18 mo later, a diag-
nostic whole body scan and serum thyroglobulin levels are
repeated after withdrawing thyroxine or post rTSH admin-
istration. If there is any evidence of residual or metastatic
disease then this may require treatment with radioiodine abla-
tion or surgery. This process of screening for disease is repeated
yearly, until two consecutive scans are negative and serum thy-
roglobulin level is suppressed. Subsequently, the patient is
followed by yearly clinical examination and serum thyroglobu-
lin. Some centers would repeat whole body diagnostic scan
after 3 to 5 yr. During the clinical examination, special empha-
sis is placed on neck, lymph node, and chest examination. Some
clinicians prefer a yearly chest X-ray. If any metastasis is sus-
pected appropriate imaging such as radiograph, CT, or MRI
may be carried out. The protocol for follow up may vary among
the centers.

Serum thyroglobulin after thyroxine withdrawal or rTSH
stimulation is a good indicator of residual disease. It is used in
conjunction with results of whole body scan (64,65), although
recent publications suggest that basal and rTSH stimulated
thyroglobulin may be used alone without whole body scan to
follow up selected patients with low risk thyroid cancer (66,67).
Serum anti-thyroglobulin antibodies can interfere with serum
thyroglobulin assay and are therefore always estimated simul-
taneously (65). Most patients who are disease free would have
undetectable serum thyroglobulin. The levels of acceptable
thyroglobulin levels during suppressive therapy have changed
over the last decade. Most would now target the thyroglobulin
to be less than 2 ng/mL while on suppressive therapy. A 72-hr
post-rTSH thyroglobulin greater than 5 ng/mL would be a con-
sideration for a withdrawal scan and 131I therapy.

6. MANAGEMENT OF BONE METASTASES

The presence of bone metastases is a poor prognostic factor,
and these are difficult to treat (8). Only 55% of whole body scan
positive X-ray-negative bone metastses and none of the X-ray-
positive metastases show complete response to 131I therapy (7).
Only 17% of bone metastases that take up iodine and 7% of all

bone metastases can be cured by radioactive iodine. Complete
surgical removal of bone metastses provide the best chance of
cure and improved survival (6,7). If the metastases does not
take up radioiodine and is not completely resectable, external
radiation therapy can be used for palliative purpose (55). In
such a situation, it has been suggested that the radiation dose
already received by the spine from previously administered
radioactive iodine may have to be taken into account (69). Em-
bolization of bone metastases (70) and vertebral metastases
(71) have been successfully carried out leading to relief of neu-
rological symptoms in the latter patients. Patients with spinal
metastases and neurological symptoms can also benefit from
reconstructive and stablization surgery (14,72).

7. LONG-TERM OUTCOME
In general patients treated for thyroid cancer have good long-

term survival. Ten-year survival for papillary and follicular
cancer is 93 and 85%, respectively (4). For patients having
bone metastases with differentiated carcinoma the survival
from the time of diagnosis of thyroid cancer is poorer with 5-
and 10-yr survival rates being 41 and 15% in one study (6) and
53 and 35% in another (5). If survival is measured from the time
of the diagnosis of bone metastases then the 5- and 10-yr fig-
ures are 25 and 13% (Fig. 1) (5).

8. OTHER TYPES OF THYROID CANCERS
Thyroid cancers other than differentiated thyroid cancer

occur only in 10% of the patients. Medullary carcinoma of
thyroid, the malignancy of C-cell of the thyroid is treated with
total thyroidectomy, external radiation, and chemotherapy (73).
It usually does not take up radioiodine, however, radioiodine
ablation has been successfully used in some patients as adja-
cent follicular cells trap iodine.

The most important aspect of medullary thyroid carcinoma
is to carry out genetic analysis for ret protooncogene mutation,
and if positive to screen the family members for the presence of
the mutation and medullary carcinoma and plan for prophylac-
tic thyroidectomy (74). Patients can be followed up by the
measurement of plasma calcitonin, which is secreted by med-
ullary carcinoma. The patients should also be screened for
hyperparathyroidism and pheochromocytoma, which can occur
as a part of multiple endocrine neoplasia. The overall 10-yr sur-
vival for medullary carcinoma is about 63%.

Anaplastic carcinoma has usually spread beyond the thyroid
when diagnosed and the median survival is 6 mo. Surgery is
carried out if possible, and both external radiation and chemo-
therapy give limited palliative benefit (75).

9. FUTURE TREATMENT STRATEGIES
Immunotherapy using radioisotopes coupled to monoclonal

antibodies against medullary carcinoma cells (76), gene therapy
to induce interleukin secretion in tumor cells or express enzyme
to make tumor cell sensitive to antiviral therapy gangciclovir
(77), and modulating or inducing the expression of sodium
iodide symporter gene (78) to increase radioiodine uptake are
some of the areas being investigated to further improve the
outcome, especially in thyroid cancer other than the differen-
tiated thyroid cancer.
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1. INTRODUCTION

The presence of metastatic cancer without evidence of its
source is a common clinical entity representing between 3 and
15% of all cancer diagnoses. Patients with cancer of unknown
primary (CUP) are heterogenous, having a wide variety of clini-
cal presentations and pathological findings, resulting in diag-
nostic and treatment dilemmas for both the patient and clinician.
Despite having a widely varying prognosis, with optimal treat-
ment, some patients have the potential for long-term survival,
whereas others are unlikely to respond to any type of treatment.

2. EPIDEMIOLOGY AND EVALUATION

Before 1970 (1), little was published about CUP. Since then,
several published series have resulted in the recognition of CUP
as a distinct and frequently occurring oncological process (2–
12). From these studies, the incidence of CUP appears to vary
depending on practice location. In a community oncology prac-
tice, the incidence is approx 3% (5) increasing to greater than
15% in cancer referral centers (4,8). This variance in the inci-
dence of CUP is partly explained by the lack of a uniform
definition (8) and by the inaccurate reporting to tumor regis-
tries of primary sites on a “best guess” basis, without proof of
a tumor’s origin (13).The median age of patients with CUP is
between 50 and 60 yr. Men and women are affected equally,
with men predominating in some series (13). About 10% of
patients have a history of another antecedent cancer (4,13,14).
Of patients with CUP, 97% present with symptoms related to
their metastasis, whereas the remainder are detected inciden-
tally (1,13). Symptoms are commonly multiple and present for
1 to 4 mo before the diagnosis of metastatic carcinoma and
reflect the particular areas of involvement. In addition, consti-
tutional symptoms, such as anorexia, weight loss, weakness,
and fatigue, are common.

The most common sites of metastatic involvement include
lymph nodes in approx 30% of cases, lungs in 20%, abdomen
(i.e., liver, stomach, peritoneum) in 20%, bone in 15%, and
brain in 5% (8,9,15–17). The exact frequencies vary from series
to series owing to referral bias of the reporting institutions and
distribution of histological types. For example, in series that
report all histological types of CUP, the most common initial
site of metastatic involvement is lymph nodes in 30% and abdo-
men in 15% of cases. However, in a report by Le Chavalier et al.
(8), the most common sites of initial metastatic presentation
were lymph nodes (37 %), lung (18%), and bone (12%).

The goals of the diagnostic evaluation of a patient with CUP
are: (1) to document that cancer is present (i.e., by biopsy of a
liver mass, biopsy, or removal of a lymph node); (2) to find any
primary sites that may have important therapeutic implications
(i.e., cancers in which treatment can either prolong survival or,
in rare cases, be curative); and (3) to confirm any abnormalities
that need to be treated to prevent immediate harm to the patient
such as a fungating, bleeding, or partially obstructing cancer of
the colon or stomach (18). The initial evaluation of a patient
with suspected CUP should be limited and is shown in Table 1.
In general, if a limited evaluation does not reveal the primary
cancer site, neither will an extensive workup.

Critical to the initial evaluation of patients with CUP is an
optimal pathological evaluation, which can allow for the iden-
tification of the primary site, unsuspected cancer types (i.e.,
lymphoma), and identification of patient subsets with specific
treatment implications. The initial light microscopic examina-
tion can separate patients into four histologic types that may
serve as a guide to further evaluation: (1) adenocarcinoma
(60%), (2) poorly differentiated adenocarcinoma or carcinoma
(30%), (3) poorly differentiated malignant neoplasm (5%), and
(4) squamous cell carcinoma (5%) (6,7,19). In patients with
adenocarcinoma, additional pathological evaluation is unlikely
to identify the primary site definitively (6,7). An exception is
adenocarcinoma of the prostate, which can be identified by
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positive tissue staining for prostate-specific antigen (PSA). All
patients with poorly differentiated carcinoma or poorly differ-
entiated malignant neoplasm require additional specialized
pathological evaluation, which in some cases, may include elec-
tron microscopy, immunohistochemistry, and cytogenetic
analysis. These additional tests are useful in detecting undif-
ferentiated cancers, such as melanoma, sarcoma, germ-cell
tumors, and lymphoma.

Besides chest X-ray, further radiographic studies and/or
endoscopic evaluation have failed to improve the diagnostic
yield and several thousand dollars can be spent in a futile search
for the primary site (20). In one series of 31 patients with CUP,
computed tomography found the primary site in 58% of patients,
but was unhelpful or wrong in 23% (21). Whereas, in a small
series, positron emission tomography scanning detected pri-
mary sites in 7 of 29 patients (24%), however, survival was not
altered by discovery of the primary tumor (22).

The pattern of metastasis may help narrow the possible pri-
mary sites. For instance, in patients with bone metastasis as the
initial manifestation of CUP, likely primary tumors include
breast, lung, Hodgkin’s disease, multiple myeloma (lytic
lesions), and prostate (blastic lesions). However, the pri-
mary site can not always be predicted based on typical patterns
of metastatic spread. Bony metastasis develop in 30 to 50% of
cases when lung carcinoma presents with an evident primary
site, but in only 5% of cases that present as CUP. Similarly,
cancers of the pancreas and liver usually involve the bone in
only 5 to 10% of cases, but when they present as CUP, they may
involve the skeleton in up to 30% of cases.

The primary site of origin is determined in less than 15% of
patients presenting with CUP, no matter what diagnostic efforts
are undertaken. When identified, the most common sites of
primary tumor are pancreas (25%), lung (23%), lower bowel
(8%), hepatobiliary (8%), kidney/urinary tract (7%), upper
bowel (6%), and ovary (5%) (13). Even after death, autopsy

fails to identify the primary tumor in up to 30% of patients.
Autopsy studies have shown, however, that for patients whose
primary sites were not documented in life, the most likely pri-
mary site is the pancreas if the metastasis occurred below the
diaphragm, or the lung if the metastasis occurred above the dia-
phragm (18).

3. CURRENT TREATMENT AND PROGNOSIS

The prognosis for most patients with CUP is dismal with a
median survival of 1 to 4 mo, and only 20% and less than 10%
are alive at 1 and 5 yr, respectively (12,13). However, some
patients with certain histological subtypes may have prolonged
survival and, rarely, be cured with therapy. Nearly all long-
term survivors are found in two groups: (1) patients who pre-
sented with peripheral lymphadenopathy as the sole
manifestation of cancer and (2) patients with poorly differen-
tiated or neuroendocrine carcinomas, women with peritoneal
carcinomatosis, and men with poorly differentiated carcinoma
in a midline lymphoadenopathic distribution (13). The latter
group represents histological subtypes that historically are
extremely sensitive to chemotherapy. In all series, discovery of
the primary site has not altered the prognosis and survival.

Several series have identified prognostic factors associated
with poor outcome and survival (Table 2). Unfavorable prog-
nostic groups include those with multiple metastatic sites, age
older than 60, male sex, supraclavicular lymphadenopathy, and
a histology of well-differentiated or moderately differentiated
adenocarcinoma (11,23). Performance status also affects sur-
vival. In one series, patients with a good performance status
(ECOG performance status of 0/1) had a median survival of 6
to 10 mo vs 2 mo for those patients with a poor performance
status (24).

Certain histological subtypes and clinical presentations may
have dramatic responses to treatment and long term survival.
The recognized clinicopathological subsets and treatment con-
siderations are outlined in Table 3. The reader is also referred
to the corresponding sections of this handbook for further
information. Histological subtypes in which treatment may
impact on the natural history of CUP and prolong survival
include: adenocarcinoma: women with isolated axillary
lymphadenopathy or peritoneal carcinomatosis, men with bone
metastasis, and patients with a single metastatic site; squamous
cell carcinoma: patients with cervical or inguinal lymphaden-
opathy; and, poorly differentiated carcinoma: young men with
extragonadal germ-cell cancer syndrome and patients with
poorly differentiated carcinoma.

Table 1
Evaluation of Patients Presenting With Cancer of Unknown

Primary Site

Detailed history
Complete physical examination
Complete blood count
Tumor markers:

PSA
CEA
α-FP
⇓-HCG
CA-125

Liver function tests
Serum chemistry panel
Urinalysis
Stool test for occult blood
Review of pathology specimens
Chest X-ray

Additional tests as indicated: immunohistochemical stains, electron
microscopy, and hormone receptors

PSA, prostate-specific antigen; CEA, carcinoembryonic antigen; α-FP,
α-fetoprotein; ⇓-HCG, ⇓-human chorionic gonadotropin.

Table 2
Poor Prognostic Factors Influencing Outcome and Survival

in Cancer of Unknown Primary Site

General characteristics Histologic subtypes

Age >60 Well-differentiated
Male sex adenocarcinoma
Multiple metastatic sites Moderately differentiated
Poor performance status adenocarcinoma
Supraclavicular lymphadenopathy
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Table 3
Recommended Treatment for Patients With Recognized Clinicopathological Subsets

Histological type Clinical subset Treat as

Adenocarcinoma Women with isolated axillary lymphadenopathy Stage II breast cancer
Women with peritoneal carcinomatosis Stage III ovarian cancer
Men with blastic bone metastasis and increased serum PSA Stage IV prostate cancer
Single metastatic site Local excision/radiation

Squamous cell carcinoma Cervical adenopathy Head and neck cancer
Inguinal adenopathy Node dissection/radiation

Poorly differentiated carcinoma Young men with mediastinal or retroperitoneal mass Extragonadal germ cell tumor
Neuroendocrine features by IHC Small cell cancer
All others with good PS Small cell cancer

PSA, prostate-specific antigen; IHC, immunohistochemical statining; PS, performance status.

Table 4
Common Chemotherapy Regimens for the Empiric Treatment

of Cancer of Unknown Primary

Regimen Dose

PCE Paclitaxel 200 mg/m2 iv over 1 hr on d 1
Carboplatin AUC of 6, iv on d 1
Etoposide 50 mg alternating with 100 mg

PO on d 1–10
Repeat cycle every 21 d

EP Etoposide 100 mg/m2 iv on d 1–5
Cisplatin 100 mg/m2 iv on d 1

Repeat cycle every 21 d

PEB Cisplatin 20 mg/m2 iv on d 1–5
Etoposide 100 mg/m2 iv on d 1–5
Bleomycin 30 units iv on d 1, 8, and 15

Repeat cycle every 21 d

Systemic therapy for patients not included in the subgroups
aforementioned is difficult. Unfortunately, this group includes
the majority of patients presenting with CUP. Table 4 includes
the most commonly used chemotherapy regimens. Multiple
trials incorporating predominantly Platinum-based chemo-
therapy regimens have resulted in only 20 to 35% response
rates which are usually of short duration (24–29). The median
survival from these trials averages between 5 and 8 mo. The
advent of new chemotherapy agents, primarily the taxanes
(docetaxel and paclitaxel), gemcitabine, and topoisomerase I
inhibitors (topotecan and irinotecan) have resulted in renewed
interest in empiric therapy for patients with CUP. Most expe-
rience with these regimens suggest higher response rates and
longer median survivals than with older regimens. In addition,
the toxicity of taxane/carboplatin regimens is reduced when
compared to previous cisplatin-based regimens (30–33). Long-
term follow-up of patients treated with paclitaxel/carboplatin/
etoposide shows actual 2- and 3-yr survivals of 20 and 14%,
respectively. At present, there remains no standard therapy for
patients with CUP. Empiric chemotherapy regimens should
incorporate newer agents with reduced toxicity and possibly
greater anti-tumor activity.

In summary, patients with CUP who fit into a treatable sub-
group warrant consideration for aggressive systemic therapy.

Results from numerous studies support this approach, and some
patients may achieve long-term survival and cure. The role of
empiric systemic chemotherapy for all other patients should be
based on the patients’ wishes and performance status, after a
formal discussion of the limitations with currently available
therapy and the associated toxicities with their use.

4. GENERAL CHARACTERISTICS AND IMPACT
OF SKELETAL INVOLVEMENT

The skeleton is a common metastatic site for several can-
cers. Cancer of the breast and prostate are the most common
sources of metastasis when the primary site is known (34).
However, between 10 and 23% of patients presenting with
CUP have skeletal metastasis as the first lesions to be detected
(1–11). The primary location is often not identified despite
extensive investigation, and rarely does its discovery influence
the natural history or improve survival.

There are few studies of CUP that have separated patients
with skeletal metastasis from those patients with metastasis in
nonskeletal sites (35–41). Metastasis usually occur in the axial
or proximal appendicular skeleton, in patients who are older
than 40 yr old, whereas primary bone tumors usually occur in the
appendicular skeleton in patients younger than age 40. In one
study of 46 patients with skeletal metastasis of unknown origin
(41), 11 metastatic carcinomas were located in the femur, 9 in
the pelvis, 8 in the spine, 5 in the scapula, 3 each in the humerus,
ribs, and skulls, 2 in the tibia, and 1 each in the radius and ster-
num. The most common histological type was adenocarcinoma.

The standard workup for patients with skeletal manifesta-
tions should parallel that for all patients presenting with CUP.
On evaluation, the majority of patients (approx 75%) will be
found to have multiple visceral metastatic sites. Some authors
have advocated the addition of computer tomographic scans of
the chest, abdomen, and pelvis in the initial workup of CUP as
a means to increase the ability of detecting the primary site of
origin (38,41). The most common identified primary sites from
these series were lung, kidney, pancreas, prostate, breast, and
thyroid. However, the cost effectiveness of this approach has
been questioned.

The natural history of patients with skeletal metastasis of
unknown primary parallels that of all patients with CUP. The
median overall survival is 1 to 4 mo. Treatment should focus on
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palliation of symptoms and treatment of areas requiring imme-
diate attention (i.e., spinal cord compression, pathological frac-
tures). The primary palliative treatment modalities used in
patients with skeletal metastasis include localized external
beam radiotherapy, corticosteroids (for spinal cord compres-
sion), and, in selected cases of isolated skeletal metastasis,
surgical resection. In patients with skeletal metastasis of un-
known primary, in whom serum PSA is elevated, or in whom
immunohistochemical studies of tumor specimens are positive
for PSA should be treated with androgen deprivation therapy
(Chapter 16). Likewise, women with tumor specimens express-
ing estrogen/progesterone receptors (Chapter 15), and patients
with specimens suggesting lymphoma (Chapter 14) may derive
benefit from hormonal therapy and chemotherapy, respectively.
The use of bisphosphonates may provide additional palliation
and reduce the incidence of pathological fracture. It is evident
from both preclinical and most clinical trials that bisphosphonates
(i.e., clodronate, pamidronate, and zolendronate) cause a
decrease in tumor burden in bone metastatic sites. These
agents have been evaluated in several phase III clinical trials in
patients with metastatic breast and prostate cancers and their
use should be considered in all patients with skeletal metastasis.

5. SPINAL INVOLVEMENT
The spine is a very common site of bony metastasis, with up

to 75% of vertebral metastasis originating from the following
primary tumors: breast, prostate, renal, and thyroid (42). In a
review of 130 patients presenting to a general hospital with
neurological symptoms deriving from spinal metastasis, the
primary site of tumor was the lung in 33%, breast in 28%, other
sites in 25%, and CUP in 14% (40). However, in actual clinical
practice, it has been suggested that CUP accounts for only 3 to
4% of spine metastasis (1,35,38,43).

Spinal or radicular pain followed by neurological symptoms
are the initial complaint in the majority of patients presenting
with metastasis to the spine, whether a primary site is identified
or not (40). In a review of patients presenting with spinal
metastasis, the spine produced the first evidence of malignant
disease in nearly 50% of the cases. Leg weakness and sphincter
disturbance is the most common reason for referral.

After tissue diagnosis of cancer is obtained either surgically
or by needle aspiration, a diligent search for a primary site
should be performed. Common age and gender related cancers
should be evaluated (i.e., mammography for women and digital
rectal examination with serum PSA level for men). The evalua-
tion of patients suspected to have a CUP is outlined in Table 1.
If a limited evaluation does not reveal the primary cancer site,
neither will an extensive workup.

In a series of patients who presented with spinal metastasis,
the best predictor of outcome was the site of the primary tumor.
Only 17% of patients with lung cancer, in this series, responded
well to treatment and only 2% were alive 1 yr after treatment;
51% of patients with breast cancer responded well and 36%
were alive at 1 yr (40). Excluding those patients with limited
spinal involvement, the prognosis for patients presenting with
spinal metastasis from unknown primary sites is poor. The
median survival is similar to patients presenting with CUP in
visceral sites.

Treatment for spinal metastasis from an unknown primary
site should be palliative and include surgical decompression or
radiotherapy in an attempt to alleviate pain, stabilize pathologi-
cal fractures, or as treatment for spinal cord compression. A
prognostic scoring system for vertebral metastasis has been
developed by Tokuhashi et al. (44) in an attempt to identify
those patients in which surgical excision of spinal metastasis be
performed. However, a recent review suggests that patients
with spinal metastasis of unknown primary sites fair poorly
with curative intent surgical resection (40).

The use of systemic therapy may alleviate pain or even pro-
long life in selected cases. In patients suspected of having
metastatic prostate cancer, the role of androgen deprivation
therapy may prolong survival, whereas the use of chemotherapy
(i.e., mitoxantrone and prednisone) may alleviate pain (Chap-
ter 16). In women with suspected metastatic breast cancer, the
use of anti-estrogen therapy may be equally efficacious with an
improvement in long term survival (Chapter 15). The role of
bisphosphonates in the treatment of metastatic cancer to bone
continues to evolve, however, their use may alleviate pain and
decrease pathological fractures in some patients with spinal
metastasis.
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1. INTRODUCTION

Primary neoplasms of the spine encompass a broad spec-
trum of tumors, ranging in their tissue of origin, local behavior,
and potential for metastasis. The diagnosis and treatment of
these disorders is accordingly varied. As a category, non-myelo-
proliferative primary tumors of the spine are rare, accounting for
approx 5% of all bone tumors, when one excludes hemangio-
mas (1,2). In frequency, therefore, they are much less common
than metastatic and/or myeloproliferative neoplasms involving
the spine, as well as non-neoplastic processes such as infection,
metabolic disorders, and other pathologies. The diagnosis of
primary tumors of the spine, therefore, must occur with careful
consideration of other more common entities. In this chapter,
we discuss the common benign and malignant tumors that af-
flict the spinal column, and describe the appropriate algorithm
for evaluating and treating these conditions.

2. DIAGNOSIS AND EVALUATION OF PRIMARY
TUMORS OF THE SPINE

2.1. CLINICAL HISTORY AND PRESENTING
SYMPTOMS

The most common presenting symptom among patients with
primary tumors of the spine is pain, occurring in approx 84%
of patients at initial visit (1). The length of symptoms depends
largely on the behavior of the individual tumor, and may be
helpful in diagnosis. Typically, tumors with a more rapid onset
of pain reflect more aggressive tumors. In contradistinction to
other spinal causes of back and neck pain, pain caused by neo-
plasm is not positional, and can be especially pronounced at
night. Benign, or more slow-growing tumors, may be charac-
terized by gradually increasing pain spanning several months
to years. Sudden increases in pain suggest pathological frac-

tures through abnormal bone. In eliciting a history of pain,
specific attention should be paid to its location, relationship to
position, quality, and severity. Furthermore, response to non-
steroidal anti-inflammatory agents may suggest osteoid osteoma.

Another common presenting symptom is neurological com-
promise, occurring when either nerve roots or the spinal cord
itself is compressed by the expanding tumor or retropulsed
bone as a result of pathological fracture. Depending on the
precise location and size of the tumor, neurological symptoms
can range from subtle motor-sensory deficits to paraplegia. In
subtle cases, patients are often unaware of neurological dys-
function, underscoring the need for a complete and thorough
physical exam at initial presentation. Neurological changes can
be identified at diagnosis in approx 55% of patients with malig-
nant tumors and 35% of patients with benign tumors (1),
although this is rarely the complaint that they present with
on initial evaluation. The neurological findings are dependent
on the location of the tumor as well. In sacral tumors, for
example, autonomic dysfunction, such as the loss of bowel
and bladder control, is more common. The presence of neuro-
logical compromise should prompt the physician to perform a
rapid evaluation of the underlying tumor, so that treatment can
be initiated and further progression halted.

Other presenting symptoms are considerably less common,
however, may be important in planning treatment. Scoliotic
deformities, for example, may occur in up to 70% of patients
with osteoid osteoma and osteoblastoma (3–5). Changes in the
alignment of the spine are thought to occur in response to pain-
induced paravertebral spasm. Given that most idiopathic scoli-
otic curves are painless, the presence of pain with deformity is
highly suggestive of tumors. Recognition of spinal deformities
early in patients with spine tumors is important given that they
can progress quickly, requiring corrective surgery. Other impor-
tant causes of kyphoscoliotic deformities include pathological
fractures or instability caused by compromise of weight-bearing
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columns within the spine. Finally, localized masses are rela-
tively uncommon in primary tumors of the spine, but may be
present in benign lesions that develop over a long period of
time.

A complete history should not be limited to the spine, given
that cancer is often a systemic disease, with clinical manifesta-
tions outside the environs of the spinal column. A careful his-
tory should, therefore, also include constitutional symptoms
such as weight loss, fevers/chills, and lethargy, as well as a
complete past medical history, including any previous history
of malignancy in the patient or his/her family. Several lesions
such as osteochondromas, eosinophilic granuloma, and neu-
rofibromas can be multifocal. A thorough review of systems
may help to identify other manifestations of such disorders and
assist with diagnosis.

2.2. PHYSICAL EXAMINATION
Similar to any patient who presents with back/neck pain and/

or neurological symptoms, a complete neurological examina-
tion is essential. Palpation along the spine may help to identify
the specific vertebral level causing symptoms, and may there-
fore, help to guide radiographic assessment. Similarly, evi-
dence of spinal deformity should be assessed.

One must keep in mind that some primary tumors of the
spine may be multifocal, or may be part of syndromes that
encompass a number of physical findings outside of the spine.
Typically, multifocal lesions are uncommon in primary spine
tumors, and suggest conditions with widespread disease such
as metastatic cancer, multiple myeloma, and myeloprolifera-
tive disorders. Still, cases have been described of multi-focal
giant cell tumor of bone (6,7), and in the case of malignant bone
tumors, such as chondrosarcoma and osteosarcoma, skip lesions,
and/or distant metastases, may occur (6,8–11). Tumor-like enti-
ties such as eosinophilic granuloma (i.e., Hand-Schüller-Chris-
tian and Letterer-Siwe), fibrous dysplasia (i.e., McCune-Albright
and Campanacci syndrome), and neurofibromatosis can result
in lesions at multiple sites. Evaluation of the skin, in the case
of McCune-Albright syndrome, may reveal the characteristic
café-au-lait spots (irregular coast of Maine border) seen in this
disorder. Similarly, neurofibromatosis can cause neurological
symptoms and often demonstrate café-au-lait spots (smooth
coast of California border).

2.3. RADIOLOGICAL IMAGING
In any patient with symptoms of back and neck pain and/or

neurological changes, radiographic evaluation generally begins

with plain films. Important properties of the lesion such as its
location, bony and soft tissue extent, zone of transition, and
internal characteristics can be discerned from plain films alone,
and may be sufficient for diagnosis in certain cases. In evalu-
ating the lesion, it is important to note whether it involves the
anterior or posterior elements, given that many benign and
malignant lesions have a special predilection for one or the
other, as noted in Table 1. For tumors involving the spine,
certain classic radiographic signs have been described such as
the “winking owl,” in which the pedicle has been eroded by an
expanding tumor, or vertebra plana, where there is vertebral
body collapse. Although these are considered to be classic radio-
graphic signs for spinal lesions, most tumors are far more subtle,
and can be missed on plain films. Given the limitations in visu-
alizing soft tissue anatomy, as well as the difficulty in visual-
izing areas such as the upper thoracic spine, additional imaging
studies are usually necessary.

The most common adjunctive study to plain radiographs in
the evaluation of spine tumors is magnetic resonance imaging
(MRI). MRI provides not only unparalleled soft tissue detail,
but also essential information on the compression and/or com-
promise of neural elements. MRI can reveal important tissue
characteristics of the tumor, such as its density, vascular perfu-
sion, and necrosis, as well as the its effects on surrounding
structures. In the case of primary bone tumors, MRI is the most
precise study to identify the extent of marrow involvement, as
well as soft tissue extent. For all of these reasons, it is an excel-
lent modality to use for presurgical planning, not only to iden-
tify regions for biopsy, but also to delineate the margins of the
tumor in anticipation of wide resection.

One limitation of MRI is its inability to provide excellent
imaging of cortical bone. Computed tomography (CT) scans,
either alone or in combination with myelography, provide supe-
rior imaging of cortical integrity, and may be critical to deter-
mine the extent and precise location of spine tumors. Given that
primary tumor involvement of the spine may lead to spinal
instability requiring surgical treatment, CT scans are also help-
ful for assessing the extent of bony involvement and destruc-
tion by tumor.

An additional study to evaluate patients with subtle lesions on
plain film and MRI, or to stage patients with malignant tumors,
is bone scintigraphy using technetium diphosphonate 99 mTc.
By targeting osteoblasts that take up technetium-99, this study
identifies regions undergoing rapid bone turnover. Therefore,

Table 1
Locational Preference of Primary Tumors

Anterior elements Eccentric Posterior elements

Child Eosinophilic granuloma Osteochondroma Aneurysmal bone cyst
Osteosarcoma Chondroblastoma Osteoid osteoma
Ewing’s sarcoma Osteoblastoma Chondroblastoma

Adult Multiple myeloma Chondrosarcoma Aneurysmal bone cyst
Metastatic disease Chondrosarcoma
Giant cell tumor
Chordoma
Fibrous dysplasia
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primary bone tumors or lesions that result in local remodeling
will usually demonstrate significant signal on bone scans.
Although extremely sensitive, it is generally nonspecific, and
rarely of diagnostic help for the purposes of primary tumors of
the spine. It is primarily used to identify additional areas of
skeletal involvement in multifocal diseases, although in selected
tumors such as multiple myeloma and eosinophilic granuloma,
bone scans are often unable to detect the osseous lesion.

Myelography used to be an important imaging study before
the advent of CT scans and MRI, however, its use today is
primarily limited to evaluating patients with neurological com-
promise. In combination with CT scans, it provides detailed
information on the compression of either nerve roots or the
spinal cord, and may therefore, be a helpful adjunctive study for
preoperative planning.

Additional studies may be of value in individual cases. For
example, nuclear studies such as tagged white blood cell scans
can be helpful to distinguish infection from neoplastic processes.
Similarly, angiography may be helpful for certain tumors if they
are highly vascular and preoperative embolization would be of
help. Additional radiological studies such as positron emission
tomography scans are currently being investigated in the evalu-
ation of tumors. Although they are not in widespread use,
positron emission tomography scans may provide invaluable
information regarding the metabolic activity of a given tumor,
including the degree and extent of necrosis within the lesion. In
sum, a variety of radiographic modalities can be used in the
evaluation of spine tumors. The selection of appropriate studies
is ultimately dependent on the individual needs for each case.

2.4. LABORATORY STUDIES
For the purposes of diagnosis, several laboratory studies can

be an important addition to radiographic and other diagnostic
modalities. Although they rarely identify primary bone tumors,
they may help to distinguish primary bone tumors from meta-
static disease, multiple myeloma, or infection.

All patients with a suspicion of a primary bone tumor should
have a complete blood count with platelets performed. Increases
in specific marrow cell derivatives may help to diagnose patients
with myeloproliferative disorders, whereas, pancytopenia may
suggest marrow replacement caused by certain myeloprolifera-
tive or metastatic diseases. Careful attention to patients with
thrombocytopenia, anemia, and/or leukopenia may be neces-
sary before biopsies, either open or CT-directed, can be per-
formed. The erythrocyte sedimentation rate can be elevated in
a broad variety of tumors, and as a rule, is nonspecific. How-
ever, it rarely exceeds 100 except in infections or tumors such
as Ewing’s sarcoma/primitive neuroectodermal tumor (PNET)
and certain myeloproliferative disorders.

Additional blood studies should be guided by the differen-
tial diagnosis that is generated after initial history, physical
exam and radiographic tests. Apart from their diagnostic impor-
tance, certain laboratory tests may be required before more thor-
ough radiographic tests can be performed. For example, a
prothrombin time/partial thromboplastin time is generally required
on all patients undergoing a CT-directed biopsy. Similarly a
baseline creatinine/blood urea nitrogen is necessary before
angiography. As diagnostic tools, laboratory tests can be
extrememely helpful, such as the use of serum and urine protein

electrophoresis. The presence of a monoclonal spike is consid-
ered nearly pathopneumonic for multiple myeloma. Similarly,
elevated prostate-specific antigen, and α-fetoprotein are con-
sidered to be suggestive of metastatic disease, and help to local-
ize the origin of the metastatic tumor.

Evaluation of cerebrospinal fluid (CSF) can provide impor-
tant information when guided by clinical suspicion. Not only
can CSF provide cells for cytological diagnosis in tumors that
invade the dura, but also changes in CSF glucose, protein, and
leukocytes may help to identify infectious processes and/or
spinal cord compression.

2.5. STAGING
In general, staging systems attempt to predict outcome

among patients with benign and malignant tumors using clini-
cal variables such as the histological grade of the tumor, local
behavior, and metastatic spread. In bone and soft tissue sarco-
mas, staging systems have also been designed as a preoperative
aide, helping to define the surgical margins needed for optimal
local control.

For benign tumors of bone, the Enneking system is widely
used and divides tumors into one of three categories: (1) inac-
tive, (2) active, and (3) aggressive (12). The underlying clinical
diagnosis, as well as the reaction of local bone to the tumor
generally predicts the biological behavior and natural history
of the disease process. Although benign lesions rarely metas-
tasize, a few notable exceptions exist and deserve special con-
sideration. Giant-cell tumor and chondroblastoma have a
demonstrable capacity to metastasize (13–16) and, therefore,
radiographic evaluation of the chest should be performed at
diagnosis to screen for patients with distant disease.

To address malignant bone lesions, Enneking developed a
surgical staging system based on the grade of the tumor, intra-/
extra-compartmental status, and metastatic disease (17). Modi-
fications of the classic Enneking staging system are currently
being considered, including the American Joint Committee on
Cancer system that is premised on grade and tumor size. Addi-
tionally, Hart et al. (18) have proposed a unique staging system
for tumors of the spine based on a lesion’s location and local
extension. The vertebral body is divided into 12 sectors similar
to a clock-face, and the tumor location is plotted according to
this grid. Furthermore, five layers are described, beginning with
the paraspinal soft tissues peripherally to the intradural space
centrally. The system is primarily descriptive, and can there-
fore be applied to both benign and malignant tumors. Initial
testing of this system on giant cell tumors of the spine suggest
higher rates of local recurrence in lesions that extend into both
anterior and posterior elements, although these differences were
not statistically significant (18).

For malignant tumors, staging studies typically include a
chest radiograph, chest CT, bone scan, and sufficient imaging
studies of the primary tumor to identify its extent both within
and outside the bone with confidence.

2.6. BIOPSY
If clinical, radiographic, and laboratory examinations do not

lead to a definitive diagnosis, a biopsy should be performed in
order to provide tissue for pathological evaluation. This is gen-
erally required in most cases, either before or concurrent with
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definitive surgical treatment. All diagnostic and staging exami-
nations should be performed before biopsy, because surgery
can alter the appearance of the tumor on subsequent studies.
The biopsy must also be planned and performed with great care
so as not to compromise later resection of the tumor.

Perhaps the most common method of biopsy in the spine is
CT-directed biopsy. Although this technique may be useful in
a number of tumors, there are some notable exceptions. Spe-
cifically, lesions that are predominantly osteoblastic, such os-
teoid osteoma or osteoblastic osteosarcoma, may not be
penetrable using the biopsy needle. Also, in the case of small
lesions, it may be difficult to obtain sufficient tissue for defini-
tive diagnosis using CT-directed biopsy techniques.

Open biopsies are rarely needed for cases of spine tumors,
but must be considered when CT-directed biopsy is not fea-
sible, or after previous attempts have failed to provide diagnos-
tic tissue. Longitudinal incisions should be used in order to
facilitate excision of the biopsy tract during later resection.
Minimizing tissue dissection will also help to preserve normal
tissue architecture and prevent the formation of large hemato-
mas. Hematomas, and/or seromas, that develop after biopsy
result in dissemination of tumor cells beyond the region of the
biopsy, especially if tissue planes have been developed during

the approach. Because the hematoma is considered a contami-
nated space, it must be excised en bloc with the primary tumor,
often complicating later reconstruction and closure.

In selected cases, clinical suspicion may be high for a spe-
cific neoplastic entity, such as giant cell tumor or
osteoblastoma. In these cases, biopsy can be performed at the
same time as surgical resection, with the biopsy being used to
confirm the suspected diagnosis before proceeding with defini-
tive treatment. In general, if there is any disagreement between
initial clinical suspicion and the frozen biopsy specimen, then
it is preferable to perform a staged procedure, waiting for for-
mal pathological confirmation.

3. TUMOR-LIKE LESIONS OF THE SPINE
3.1. OSTEOCHONDROMA
Osteochondromas of the spine account for less than 10% of all

osteochondromata, and are rarely symptomatic (19–21) (Fig 1).
They are not tumors, but separated portions of the growth plate
that lag behind the growing bone. They continue to grow until
their growth plate of origin closes (21). They are, therefore,
slow-growing masses that are typically painless, but can be
associated with mechanical symptoms. As a whole, osteochon-
dromas are usually diagnosed before the end of growth, but
those involving the spine are often discovered later, often after

Fig. 1. A 21-yr-old male with a long history of a right paraspinal mass that recently became painful with heavy lifting. (A) Anteroposterior
radiograph of the lumbar spine reveals a mass in the right paraspinous region that is calcified.(B) Axial computed tomography images
demonstrate that the mass is continuous with the spinous process and that the marrow space flows into the mass. (C) Magnetic resonance axial
image redemonstrates the mass and strongly suggests that it is an osteochondroma, although a clear cartilage cap is not evident. After resection
of the lesion, (D) shows the gross specimen. The mass is multilobulated and does have a cartilage cap that is not pathologically thickened. (E)
Hematoxylin and eosin (H&E) stain of the lesion at the junction of the cartilage cap and the underlying bone.
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trauma has rendered them symptomatic. Osteochondromas can
occur as isolated events, or, can be part of multiple hereditary
exostosis. Both manifestations of osteochondromas are more
common in males than females (19,22).

Gross histology is often all that is required for diagnosis.
Osteochondromas are bony outgrowths from the underlying
bone, covered by a thick cartilage cap. The marrow space of the
underlying bone typically flows into and is continuous with the
marrow space of the osteochondroma, helping to distinguish
them from osteomas. This feature can often be observed on
radiographs and/or CT scans, making diagnosis relatively easy.

Treatment typically consists of observation, with surgical
resection restricted to those cases where the osteochondroma
causes disabling mechanical and/or radicular symptoms. Re-
currence after resection is low, and occurs when incomplete
resections are performed. Fewer than 20 cases of cord compres-
sion from osteochondroma have been reported, and most were
located in the cervical spine (23). In a series of 16 such cases,
88% had good neurological recovery after resection, and no
recurrences were reported (23). Malignant transformation of
osteochondromas into chondrosarcoma has been reported, and
is most common in patients with multiple hereditary exostoses
(24). When this occurs, these lesions tend to be relatively low-
grade tumors (25) that respond well to wide resection.

3.2. EOSINOPHILIC GRANULOMA
Eosinophilic granuloma (EG), also known as histiocytosis

X or Langerhans’ cell histiocytosis, represents a benign, self-
limiting process that usually causes focal areas of well-demar-
cated bone resorption. The underlying etiology of this disorder
is unknown. It characteristically afflicts individuals during their
first two decades of life, and has a 2:1 predilection for males
(26). Although the spine is involved in 10 to 15% of cases (1),
the most commonly affected bones are typically the skull and
flat bones of the pelvis, rib cage, and shoulder girdle. Within
the spine, EG is most commonly localized to the vertebral body,
resulting in collapse that can be observed on lateral radiographs
such as the classic vertebra plana. Biopsy is usually necessary
in cases of solitary lesions where the diagnosis is not evident.
When biopsy confirms the diagnosis, curettage is usually the
only indicated treatment. In cases of multifocal disease where
biopsy is considered unnecessary, the lesions can be followed
and most will resolve spontaneously (27,28). Surgical inter-
vention is indicated only in those cases of documented progres-
sion or where there is significant instability/deformity caused
by the lesion. In lesions that are not amenable to surgical resection,
low dose radiation therapy has been shown to be effective (29).

In approx 10% of cases in a series by Schajowicz et al. (30),
EG was part of a larger symptom complex, notably Hand-
Schüller-Christian (9%) and Letterer-Siwe (1.2%) diseases. In
Hand-Schüller-Christian disease, the lesions are mulifocal and
are associated with diabetes insipidus and exophthalmos
(31,32). Letterer-Siwe disease, the more acute form, is charac-
terized by numerous small lesions involving nearly all bones
with severe systemic symptoms such as fever, lymphadenopa-
thy, and anemia (32). Although Hand-Schüller-Christian dis-
ease is not generally fatal, Letterer-Siwe disease can cause
death.

3.3. PAGET’S DISEASE
Paget’s Disease is a metabolic disorder that occurs when the

balance between osteoclast-mediated bone resorption and os-
teoblast-mediated bone formation is disrupted, resulting in
bony pain and deformity (33). The precise etiology of Paget’s
Disease is unclear. It predominantly afflicts individuals of
northern European descent, and typically begins after the age
of 50. Although Paget’s Disease is an extremely common dis-
order (some studies have suggested that it occurs in up to 3%
of the elderly population [34]), it is asymptomatic in approxi-
mately two-thirds of patients. Paget’s Disease can be restricted
to a single bone or it can be multifocal. It involves the lumbar
and thoracic spine in 60 and 45% of cases, respectively (35).

Paget’s Disease is characterized by three distinct phases
(33), each of which can exist concurrently in different locations
of the same bone. The first phase is characterized by bone
resorption, during which osteoclasts resorb bone out of propor-
tion to the bone’s capacity to remodel. Radiographically, this
phase appears as a radiolucency, and generally occurs early in
the disease process. This stage is followed by an osteoblastic
phase during which new bone formation predominates, how-
ever, the newly formed bone is not laid down in response to
mechanical stresses, and, therefore, is more disorganized wo-
ven bone. Finally, the last phase is the so-called “burnt out”
phase during which bone turn-over decreases, but the new bone
is grossly thickened with a characteristic coarse trabecular
appearance to the bone. The resulting hypertrophic bone often
leads to nerve entrapment syndromes and deformity. Histologi-
cally, pagetoid bone is characterized by thick trabeculae that
encroach on the marrow space and are remarkable for cement
lines. The disjointed remodeling which occurs also leads to
bone that is more susceptible to fracture. Treatment relies on
medical management using bis-phosphonates, calcitonin, and
other osteoclast inhibitors (36). Surgery is indicated for patho-
logical fractures and nerve entrapment.

A small cohort of patients with Paget’s disease will develop
a secondary sarcoma, an especially aggressive form of osteosa-
rcoma that forms in pagetoid bone (37). The high grade of these
tumors, coupled with the more limited range of chemothera-
peutic agents that can be administered to this age group, results
in a 5-yr survival that is less than 10%. In every other respect,
it is treated like high-grade osteosarcoma of the spine.

3.4. FIBROUS DYSPLASIA
In 1938, Lichtenstein (38) described fibrous dysplasia as a

polyostotic disease. Shortly after in 1942 (39), however, he
recognized that both monostotic and polyostotic forms of the
disease exist. Despite its recognition for over half a century, the
etiology of fibrous dysplasia remains largely unknown, and no
effective treatments have been developed to combat it. It is
usually diagnosed during childhood, and demonstrates no sig-
nificant gender predilection. Histologically, fibrous dysplasia
is characterized by fibroblastic replacement of the marrow
space, and trabecular seams that are composed of immature
reactive bone in the shape of “chinese characters” (Fig. 2). The
monostotic form accounts for 20% of cases, and typically fol-
lows a more benign course (40,41). It is extremely rare in the
spine, but 22 cases have been described in the literature, distrib-
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uted nearly equally throughout the cervical, thoracic, and lum-
bar spine (40). Polyostotic fibrous dysplasia, although less
common overall, accounts for the majority of cases involving
the spine. The polyostotic form most often occurs in the setting
of systemic endocrine abnormalities, such as hyperparathy-
roidism (42) and Cushing’s Syndrome (43) or with McCune-
Albright Syndrome (44), which is characterized by pigmented
cutaneous lesions and precocious puberty.

Treatment is largely supportive, with surgery reserved only
for those cases where pathological fracture leads to unaccept-
able deformity and/or neurological compromise. Simple curet-
tage has a high rate of recurrence, even when combined with
local adjuvant therapy, and complete resection is often ex-
tremely difficult in the spine (45). Therefore, close surveillance
is important. Malignant transformation in either of the two
forms of fibrous dysplasia is extremely rare, occurring in less
than 1% of cases (46).

3.5. ANEURYSMAL BONE CYST
Spinal involvement occurs in 10 to 30% of cases of aneurys-

mal bone cysts, making it one of the most commonly affected
areas of the body (47,48) (Fig 3). When it occurs in the spine,
it preferentially affects the thoraco-lumbar region and localizes
to the posterior elements in 60% of cases (47). Although aneu-
rysmal bone may occur at any age, they most commonly occur
during the first two decades of life, and are slightly more com-

mon in females (48). Somewhat unique to aneurysmal bone
cysts is their ability to involve adjacent vertebral segments,
often as many as three in a row (1).

Histologically, aneurysmal bone cysts are composed of
multiple blood-filled chambers, each lined by a unique pseudo-
endothelium. The cellular portion of the tumor is characterized
by numerous giant cells in a background of spindle-shaped
stromal cells. Although aneurysmal bone cysts generally con-
tain cystic spaces, up to 7% are what is known as “solid aneu-
rysmal bone cysts,” and this variant is more frequent in the
spine (49). Radiographically, aneurysmal bone cysts cause
cortical expansion and thinning, and internally, have a charac-
teristic “bubbly” appearance created by the multiple cavernous
chambers of the cyst. Large cysts can be easily detected on
plain films, but smaller cysts may be missed. MRI is, perhaps,
the most diagnostic imaging modality for aneurysmal bone
cysts in that it demonstrates the multiple cysts within the lesion.
Furthermore, the old areas of hemorrhage within each chamber
separate into two phases, creating the nearly pathomneumonic
“fluid–fluid” levels.

In the treament of aneurysmal bone cysts, removal of the
lesion is typically accomplished by curettage, as opposed to
marginal resection, given the technical difficulties involved
with large resections in the spine. Local recurrence after curet-
tage has been estimated at between 13 and 30%, and most of

Fig. 2. A 41-yr-old male with history of neck and radicular arm pain. Initial radiographs provided inadequate visualization of the cervico-
thoracic junction. (A) An axial computed tomography (CT) scan was obtained which demonstrated a left-sided eccentric lesion involving the
pedicle of T1, which was further imaged on magnetic resonance (B,C). A CT-directed biopsy was performed which yielded a pathologic
specimen, (D), with fibrous replacement of the marrow and irregular bone spicules rimmed with osteoblasts most consistent with fibrous
dysplasia. The patient underwent a C7–T1 corpectomy with C6–T2 strut instrumented fusion.
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these cases can be treated successfully by a repeat curettage
(48). Adjuvant treatments such as radiation therapy and embo-
lization have less clear-cut indications, but may be useful
supplemental therapies to reduce the rate of local recurrence
(46,50). The rate of malignant transformation is negligible.

4. PRIMARY BENIGN TUMORS OF THE SPINE
4.1. HEMANGIOMA (BENIGN

HEMANGIOENDOTHELIOMA)
Although hemangiomas of the spine represent the most com-

mon tumor of the spine, they are also the least consequential. At
autopsy, 11% of individuals are reported to have hemangiomas
(51), however, they rarely cause symptoms and are usually
incidental findings on studies obtained for other reasons. Within
the spine, the thoracic vertebrae are the most commonly affected

(52). Hemangiomas occur as singular lesions in approximately
two-thirds of cases, and are characterized radiographically by
vertical trabecular striations ressembling a “honeycomb” that
most commonly involve the vertebral body. Plain radiographs
alone can be sufficient in those lesions that involve greater than
30–40% of the vertebral body, however, CT/MRI may be more
helpful in those lesions that are subtle or small (53).

Neurological symptoms may occur as a result of neural com-
pression caused by cortical expansion or soft tissue extension
beyond the vertebral body. Hemangiomas are extremely radio-
sensitive, and low-dose radiation has been shown to be effec-
tive as a treatment for symptomatic lesions (54,55). Similarly,
embolization via angiography has been shown to be effective
(56,57). In those instances where pathological fracture or de-
formity result in instability or neurological compromise, surgi-
cal resection and stabilization may be indicated.

Fig. 3. A 16-yr-old female with 6-mo history of left hip pain associated with occasional numbness along the posterior aspect of the left leg.
(A,B) Anteroposterior and lateral radiographs of the sacrum demonstrating a large, radiolucent lesion centered about the sacral ala of S1–S3.
(C) A computed tomography (CT) scan reveals an expansile lesion with anterior extension that does not violate the sacro-iliac joint. A rim of
mineralization, if present, is difficult to visualize on CT scan. (D,E) A magnetic resonance provides indicates that the lesion is composed of
multiple chambers or cysts, and that “fluid-fluid” levels are present, indicating that the lesion is most likely an aneurysmal bone cyst. Apiration
of the lesion produced blood without any malignant cells. An excision and curettage was performed with bone grafting of the resulting defect.
The specimen was sent for pathological evaluation. (F) It is significant for a thick cyst lining containing numerous giant cells, and empty cystic
spaces filled with hemorrhage.
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4.2. OSTEOID OSTEOMA
Osteoid osteoma was first described by Jaffe in 1955 (57).

It occurs as a cortically based nidus of osteoid-producing cells
surrounded by a dense halo of sclerosis, which may be the only
radiographic sign at diagnosis. This lesion is usually diagnosed
during the first three decades of life, with a peak incidence at
age 15, and has a 2:1 male predominance (58,59). Ten to twenty-
five percent of all osteoid osteomas occur in the spine, and
nearly 70% of painful juvenile scoliotic deformities are associ-
ated with osteoid osteoma (4,60). Within the axial skeleton,
osteoid osteoma most frequently involves the lumbar spine
(59%), followed by the cervical (27%), thoracic (12%), and
sacral spine (2%) (61). In each case, it involves the posterior
elements in 75% of cases (59). Histologically, the lesion mani-
fests itself as a nidus of highly vascular osteoid-producing
spindle cells surrounded by dense sclerotic bone.

Pain is the most common presenting symptom, which is
characteristically worse at night, and relieved by non-steroidal
anti-inflammatory agents. The majority of scoliotic deformi-
ties associated with pain are caused by osteoid osteoma (4,60),
underscoring the need to perform a thorough evaluation for this
tumor in any patient presenting with this complaint.

On plain radiographs, overlying bony structures often obscure
the appearance of osteoid osteoma, making additional imaging
studies necessary. The most sensitive study for osteoid osteoma
is the bone scan, which targets the rapid bone turnover that is
a hallmark of this lesion. Markedly increased uptake of
technicium-99 occurs in the area of the lesion, often surrounded
by a zone of diminished uptake, creates a distinctive target sign.
Although bone scans represent perhaps the most sensitive test
for osteoid osteoma, a CT scan is the most specific. Bone win-
dows help to demonstrate the nidus found with osteoid osteoma.

Treatment of this disorder includes both medical and surgi-
cal options. Pain associated with osteoid osteoma, as a rule,
responds to non-steroidal anti-inflammatory agents. Given the
usually self-limited nature of osteoid osteoma, non-steroidal
anti-inflammatory drugs (NSAIDs), and observation represent
a treatment option. In cases that NSAIDs are either not toler-
ated or are contra-indicated, or when osteoid osteoma is asso-
ciated with progressive scoliotic deformties, more aggressive
therapies can be considered. Surgical resection involving “burr-
down” excision (62) or marginal resection may be performed.
Resection of the lesions results in reliable pain relief, and nearly
all associated scoliotic deformities improved in a recent series
of 16 patients (63). Newer treatment modalities have emerged
that are less invasive, including both CT-directed percutaneous
excision (64) or radio-frequency ablation (65). No malignant
degeneration of osteoid osteoma have been documented in the
literature.

4.3. OSTEOBLASTOMA
Histologically, osteoblastomas are often indistinguishable

from osteoid osteoma except for their larger size, but the clini-
cal features and natural history of these two disorders have no-
table differences (Fig. 4). Like osteoid osteoma, osteoblastoma
preferentially affects males by a 2:1 margin and is normally
diagnosed early in life (66–68). Spine involvement is even more
common in osteoblastoma, accounting for approx 41% of 147

cases reviewed by Marsh (69), and lesions typically localize to
the posterior elements in 55% of cases. This tumor has no
discernable predilection for particular regions of the spine (66).

The most common presenting symptom in patients with
osteoblastoma is focal pain, that is less responsive to NSAIDs
than the pain of an osteoid osteoma. The pain is more typically
activity-related as opposed to night pain. Cortical expansion
can result in impingement of neural elements, causing neuro-
logical complaints in nearly 50% of patients (70), which further
distinguishes it from osteoid osteoma. Painful scoliotic defor-
mities can also occur in the setting of osteoblastoma, however,
they account for a smaller proportion of patients than osteoid
osteoma (4).

Radiographically, osteoblastomas are more readily detected
on plain radiographs than osteoid osteomas owing to their larger
size (>2 cm), and their propensity to cause cortical expansion.
The internal characteristics of osteoblastomas can be variable,
but ossification is the predominant pattern, consistent with its
osteoblastic origin. CT scans with bone windows currently rep-
resents the best diagnostic imaging modality for osteoblastoma,
especially when combined with myelography for evaluation of
neural compression.

Osteoblastoma is a slowly progressive lesion that does not
normally respond to conservative management. Surgical resec-
tion of the lesion is therefore indicated, however, local recur-
rences occur in between 10 and 15% of cases, and can be as high
as 50% in select high-grade sub-types of osteoblastoma (66–
68). Debate exists regarding the adequacy of curettage in the
treatment of osteoblastoma, and whether marginal resection
results in a lower risk of recurrence. Radiation therapy has not
been conclusively shown to be an effective treatment for
osteoblastoma (70). Surgical treatment, whether simple curet-
tage or resection, should be planned based on the location of the
lesion, concomitant symptoms, and risk of morbidity. Unlike
osteoid osteoma, the behavior of osteoblastomas can vary from
slow-growing lesions to aggressive subtypes that appear very
similar to osteosarcoma. In fact, aggressive osteoblastoma can
be easily misdiagnosed as osteosarcoma, or visa versa. Cases of
malignant transformation of osteoblastomas have been docu-
mented (71), although it is conceivable that the initial lesion
was diagnosed incorrectly.

4.4. GIANT CELL TUMOR
Giant cell tumors are borderline malignant tumors that can

range in behavior from slow-growing, relatively innocuous
tumors to locally aggressive tumors that metastasize. Therein
lies many of the challenges underlying the diagnosis and treat-
ment of giant cell tumors involving the spine. As a whole, the
spine is a relatively common site of disease for giant cell tumors,
comprising between 5 and 10% of all cases of giant cell tumor
(72–75). Unlike their appendicular counterparts, however,
there is often a significant delay between the onset of symptoms
and the diagnosis. Pain and radicular symptoms are the most
common presenting complaint, and have often been present for
several months before initial contact with a physician.

Spinal giant cell tumors are most commonly diagnosed dur-
ing the third and fourth decades of life, and are slightly more
frequent in women (73,75). Within the axial skeleton, the sacrum
is the most common region affected, and lesions are typically
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found in the vertebral body. Histologically, giant cell tumors
are characterized by numerous giant cells situated in a field of
mononuclear cells. Cellular atypia is low to absent. Radio-
graphically, plain films generally demonstrate a well-margin-
ated radiolucent lesion with a variable amount of cortical
expansion and local remodeling. Usually, even in the most
aggressive case of giant cell tumor, a thin shell of cortical bone
will remain at the periphery of the lesion, helping to distinguish it
from malignant bone tumors. CT scan and MRI can be extremely
helpful adjunctive study, especially if neurological compromise
has occurred.

Giant cell tumors involving the spine are typically treated by
curettage and local adjuvant therapy. En-bloc surgical resec-
tion is considered to be the optimal treatment of this disorder
and appears to reduce the rate of local recurrence (76). In the
spine, the proximity of vital structures to the lesion, as well as
the considerable morbidity associated with this approach, has
limited the use of en-bloc resections in such cases. Emboliza-
tion for giant cell tumors of the spine has also emerged as a
potential new treatment for giant cell tumors, and currently can
be used as an adjunct to intra-lesional resection (77,78).

Giant cell tumors of the spine have a considerably worse
prognosis than those in the appedicular skeleton, with recur-
rence rates reaching almost 80% in grade III giant cell tumors
(75). Furthermore, metastasis occurs in just under 10% of cases,

and unresectable local recurrences have resulted in patient
death. When an isolated metastasis develops, surgical resection
is the treatment of choice, given that no systemic therapy is
available for the treatment of giant cell tumors of bone.

4.5. CHONDROBLASTOMA
Chondroblastoma of the spine is extremely rare, and publi-

cations are mostly limited to case reports (Fig. 5). Still, most
cases have been diagnosed during the second to third decade,
suggesting that the demographic profile of chondroblastomas
involving the spine may parallel that for appendicular cases
(79,80). In a recent review of 12 cases by Kurth et al. (80), 50%
of chondroblastomas arose in the cervical spine, with the re-
maining lesions roughly divided evenly between the thoracic
and lumbar spine. The most common presenting signs were
pain and neurological compromise.

Radiographic evaluation of spinal chondroblastomas gener-
ally reveals a well-marginated radiolucent lesion. Internal
matrix calcification may be apparent on plain radiographs or
CT scan, however, this is not a universal finding in all cases of
chondroblastoma. Because of the limited number of cases, it is
difficult to define a clear predilection for either the anterior or
posterior spinal elements, however, most cases have been reported
in the posterior elements. On histology, chondroblastomas are
distinguished by polygonal chondroblasts, with a variable

Fig. 4. A 10-yr-old male with neck pain and no neurological complaints. (A) Plain radiographs reveal a subtle radiolucent lesion involving the
spinous process of C3. (B) Further imaging with computed tomography provides better visualization of the tumor and reveal intra-lesional
ossification. (C) Magnetic resonance confirms that the spinal cord is not compressed by the lesion. Pre-operative imaging and clinical history
strongly suggested that the lesion was an osteoblastoma. An en-bloc excision of the tumor and lamina of C3 was, therefore, performed. H and
E staining of the specimen (D) confirmed the diagnosis of osteoblastoma.
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amount of eosinophilic cytoplasm and oval nuclei. Chondro-
blastomas usually contain numerous osteoclast-like giant cells,
and matrix calcification, when present, often has a distinctive
“chicken-wire” appearance that is a hallmark of this lesion.
Cellular atypia can vary from moderate to high, which is thought
to reflect its spectrum of behavior from slowly progressive
local growth to aggressive local growth and metastatic spread.

Treatment of these lesions consists predominantly of curet-
tage or excision, however, it is not clear whether this treatment

is equally effective in the spine, given the limited number of
cases. The recurrence rate for chondroblastomas of the spine is,
likewise, unclear. Kurth et al. (80) report a case of multiple
recurrences, the first occurring as late as 7 yr after initial resec-
tion. The lack of lengthy follow-up on other case reports, there-
fore, precludes a more detailed estimation of recurrence after
excision of spinal chondroblastomas. Similarly, the rate of
metastatic spread and/or malignant transformation is unknown
for lesions involving the spine.

Fig. 5. A 29-yr-old male with a 2-yr history of lower back pain that has slowly become worse. The pain occasionally radiated to the right thigh,
however, he did not complain of paresthesias or weakness. (A,B) Anteroposterior and lateral radiographs, significant for a classic “winking-
owl” sign at the right pedicle of L4. Subsequent computed tomography scan (C) reveals an expansile lesion involving the right pedicle and
transverse process of L4, containing a limited amount of intra-lesional mineralization. (D) Magnetic resonance further demonstrates the extent
of the lesion, and suggests that the lesion may be compressing L3 nerve root. No central compression was present. Clinical history and imaging
suggested a benign lesion, although a precise diagnosis was not possible. Osteoblastoma was considered to be the most likely diagnosis,
therefore, an excision was performed with posterior instrumented L3–L5 fusion. The pathology specimen (E) contained polygonal chondroblasts
with numerous giant cells, indicating that the lesion was, in reality, chondroblastoma.
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5. PRIMARY MALIGNANT TUMORS
OF THE SPINE

5.1. OSTEOSARCOMA
Osteosarcoma of the spine carries with it an especially bleak

prognosis (81,82). Although lesions tend to be diagnosed ear-
lier in the spine owing to neurological compression early in the
tumor’s course, prognosis is often compromised by technical dif-
ficulties in achieving a wide resection during surgical resection
(Fig. 6).

Osteosarcoma of the spine accounts for approx 2% of all
osteosarcomas throughout the body, and 3 to 14% of malignant
tumors involving the spine (81,82). Most tumors arise in the
lumbosacral region, and involve the vertebral body in up to
90% of cases (83). As an entity, osteosarcoma includes any

malignant spindle tumor that produces osteoid, however, this
encompasses a variety of histologic sub-types. Treatment and
prognosis are, therefore, dependent on appropriate histologic
diagnosis. There is a bimodal distribution in the age of presen-
tation for osteosarcomas involving the spine, with an earlier
age group (10–25 yr) representing the more “classic” osteosa-
rcoma, and a second group of individuals over 50 yr presenting
with secondary osteosarcomas. When viewed collectively,
osteosarcoma of the spine has a generally worse prognosis, and
occurs in older age groups when compared to appendicular
osteosarcoma (83).

Radiographically, osteosarcomas can range in appearance.
The primary lesion can be either radiolucent or radiodense,
with prominent periosteal reaction and usually soft tissue ex-

Fig. 6. A 29-yr-old male with a several-year history of mid- to lower back pain. (A,B) Anteroposterior and lateral radiographs initially taken
demonstrated a subtle, but apparent, radiodensity within the posterior elements of the L3 vertebra. (C) A computed tomography scan of the
lesion was obtained approx 2 yr later when symptoms failed to resolve, revealing an expansile lesion originating in the spinous process and
lamina adjacent to the right facet. The patient was then referred for treatment. Significant intra-lesional mineralization was present, and based
on this, the lesion was felt to be most consistent with an osteoblastoma. A marginal resection was performed, and the tissue sent for pathological
diagnosis. (D) The specimen exhibited abnormal, malignant osteoblasts that stained for vimentin. The cells also demonstrated a permeative
pattern resulting in a formal diagnosis of osteosarcoma. The patient was subsequently given chemotherapy, however, developed bilateral
pulmonary metastases and eventually succumbed to his disease.
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tension. The internal characteristics of the lesion demonstrate
ossification consistent with its degree of osteoid production.
Osteosarcoma of the spine originates at a slightly higher rate in
the lumbo-sacral region, and arises eccentrically from the ante-
rior elements in nearly 80 to 90% of cases (82,83). Axial imaging
provides better detail on the soft tissue extent of the tumor and,
therefore, are critical for preoperative planning.

Numerous histologic sub-types of osteosarcoma exist, des-
ignated by its location (central, parosteal, periosteal), grade
(low vs high), predominant cell type (osteoblastic, chondro-
blastic, fibroblastic), or etiology (radiation-induced, Paget’s
sarcoma). With the exception of low-grade lesions such as
parosteal osteosarcomas, these patients receive preoperative
chemotherapy followed by surgical resection and usually adju-
vant therapy. As with other malignant lesions of the spine, wide
resection, or even marginal resections, are often not possible,
making radiation therapy and adjuvant chemotherapy neces-
sary to treat the residual disease. Evaluations of the outcome in
patients with osteosarcoma of the spine have been hampered by
its relative rarity. Most survivors have been described as case
reports, and not for the purpose of determining median survival
time or 5-yr survival rates. In a recent review of 22 patients, the
median survival in cases of spinal osteosarcoma was 23 mo
(84). Metastasis at diagnosis, large size, sacral location, and
intralesional resections were associated with adverse outcomes
(84). Collectively, only three patients were observed to live
beyond 6 yr.

5.2. CHONDROSARCOMA
After chordomas, chondrosarcoma is the most common pri-

mary malignant tumor of bone in the spine, accounting for
approx 7 to 12% of all spine tumors (85,86). Unlike osteosar-
coma and Ewing’s sarcomas, chondrosarcomas occur later in
life, with average age at diagnosis of 45 yr, and are more com-
mon in men (51,87). Chondrosarcoma can vary considerably
in its behavior, and is generally described according to grades
I–III, with each grade corresponding to an increasing tendancy
for metastasis and, therefore, a poorer prognosis.

Plain films typically demonstrate a centrally based destruc-
tive lesion with calcification. In low-grade chondrosarcoma,
the lesion can cause scalloping of the bony cortex or cortical
expansion. In high-grade lesion, the tumor can erode through
the cortex and form a large extra-osseous mass, also containing
diffuse areas of calcification. Although X-rays may be ex-
tremely helpful, MRI and/or CT scan provides more detailed
information regarding the extent of the tumor both inside and
outside the bone of origin. As with all malignant tumors, gen-
erally staging studies should also be performed to evaluate for
metastatic disease at presentation.

Radiographic diagnosis is generally confirmed through
biopsy and pathological evaluation of tissue samples. The grade
of the tumor is essential to determine prognosis, and is based
primarily on the cellularity of the tumor and pleiomorphism of
the tumor cells. Such information is also useful to determine the
utility of adjuvant treatments such as radiation therapy.

The treatment of chondrosarcoma is complicated by its
lack of response to conventional chemotherapy and/or stan-
dard radiation therapy. No clinical trials have demonstrated

any survival benefit among patients receiving chemotherapy,
and the use of radiation is controversial. This leaves surgical
excision as the mainstay of treatment for chondrosarcoma. Not
unexpectedly, survival in chondrosarcoma is, therefore, closely
associated with adequate excision and uncontaminated mar-
gins (39,88). Within the spine, such resections are often unfea-
sible without significant morbidity, resulting in a poorer
prognosis in general for patients with chondrosarcoma of the
spine (85,86,89). Median survival in patients with chondrosa-
rcoma of the spine has been estimated to be approx 6 yr. In the
chondrosarcoma of the upper cervical spine and skull base, it
has been claimed that long-term survival can be increased to
approx 90% when surgical resection is combined with proton-
photon therapy (90). Proton therapy is especially attractive for
the treatment of slow-growing tumors, such as chondrosarcoma
and chordoma, and is more sparing of the spinal cord than
standard radiation therapy.

5.3. EWING’S SARCOMA (FIG. 7)
Ewing’s sarcoma of the spine is a relatively infrequent

entity, accounting for only 8% of a series of 402 patients with
Ewing’s sarcoma reported by Dahlin and Unni (91). It is actu-
ally more common for this tumor to metastasize to the spine
from other locations, than it is for it to originate there as a
primary tumor. Its clinical features are similar to that for all
patients with Ewing’s Sarcoma, namely it most commonly
arises during the second decade of life and affects males more
frequently than females (92,93). It is also extremely infrequent
in African-American individuals.

The most common presenting symptom among patients with
Ewing’s sarcoma is pain, most commonly in the sacrococcygeal
area. Although cases of Ewing’s sarcoma involving the cervi-
cal spine exist, they are extremely rare. Osseous findings in
Ewing’s sarcoma can be extremely subtle. Plain radiographs
can, therefore, appear normal, often belying a large soft tissue
mass. In this respect, a CT scan or MRI may be far more infor-
mative than plain films at defining tumor extent. These imaging
studies usually will demonstrate a large mass originating in the
vertebral body, with variable amounts of internal mineraliza-
tion. Laboratory tests such as C-reactive protein and electron
spin resonance are often elevated, and can therefore be useful
adjuncts for the diagnosis of Ewing’s. Histologically, Ewing’s
sarcomas are composed of sheets of small blue cells, occasion-
ally forming psuedo-rosettes around areas of necrosis. Nearly
all Ewing’s sarcomas possess a characteristic t11:22 transloca-
tion that helps to distinguish it further from other small blue cell
tumors.

The treatment of Ewing’s sarcoma has varied considerably
in the past, however, it is currently treated using a combination
of chemotherapy, surgical resection, and radiation therapy, each
of which are effective against this tumor individually (94). The
use of adjuvant treatments is especially critical given the diffi-
culty of performing wide resection in the spine. The 5-yr sur-
vival among a series of 33 patients with Ewing’s sarcoma of the
vertebral column treated at St. Jude Children’s hospital was
approx 48% (95). They also found that smaller tumor size at
diagnosis and localized disease predicted a better outcome.
Although PNET comprises a separate class of tumors, they are
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closely related to Ewing’s tumor both clinically and histologi-
cally. Even the t11:22 translocation, the hallmark of Ewing’s
sarcoma, is a frequent finding in PNET, suggesting that both
tumors may represent opposite ends of a single continuum and
not completely distinct entities. In every other respect, PNETs
are treated much like Ewing’s sarcomas, and have a similar
prognosis.

5.4 CHORDOMA
Chordomas are the most common primary malignant tumors

of the spine, and, unlike the other malignant tumors discussed,
they do not normally occur outside of the spine (Fig. 8). They

account for 1 to 4% of all primary bone tumors, and 20% of
those arising in the spine (51,96–98). Originating from rem-
nants of the notochord, they typically involve either the sacro-
coccygeal or spheno-occipital regions of the axial skeleton.
The average age at diagnosis is 56, however, they can occur in
almost any age group. Sacro-lumbar chordomas have a twofold
predilection for males over females (51,97–99).

Clinical presentation is often subtle, with a gradual onset of
neurological symptoms, including pain, numbness, motor
weakness, and incontinence/constipation. Chordomas are
slowly growing lesions and are often quite large when initially

Fig. 7. A 23-yr-old female with 2-mo history of vague coccygeal pain. (A) Anteroposterior radiograph may show a subtle radiolucency in the
right inferior aspect of the sacrum. (B–D) Magnetic resonance sagittal and axial images demonstrate a large anterior soft tissue mass originating
from the inferior sacrum. (E) A needle biopsy was performed, yielding tissue that was notable for patternless sheets of small blue cells that
stained positive for Ewing’s specific antigen. Based on a diagnosis of Ewing’s sarcoma, she received preoperative chemotherapy, followed
by partial sacrectomy and radiation therapy.
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Fig. 8. A 58-yr-old female with vague buttocks’ pain, mild constipation, and a mass for 4 mo. (A,B) Lateral and anteroposterior radiographs
demonstrate a radiolucent lesion involving the right inferior aspect of the sacrum. (C,D) Magnetic resonance imaging reveals a multi-lobulated
mass extending anterior to the sacrum with high signal on T2-weighted images. Based on these findings, the patient underwent a computed
tomography-directed biopsy of the lesion. (E) The resulting tissue was notably myxoid, containing chords of multi-vacuolated “physaliphorous”
cells. With a diagnosis of chordoma, she underwent a wide resection with partial sacrectomy for treatment.

discovered. When located in the sacrum, the mass usually pro-
trudes anteriorly, thereby preventing the lesion from causing a
noticeable external mass.

On radiographic evaluation, the bone from which the tumor
arises may demonstrate noticeable changes, but the most impres-
sive feature of chordomas is the large soft tissue mass. Unless
a significant amount of internal calcification is present, the soft
tissue component can be missed or underestimated on the basis
of plain radiographs, and generally requires either a CT scan or
MRI for definitive evaluation. On MRI, chordomas are lobu-
lated masses, with a distinctly myxoid, or mucinous, consis-
tency. Because they are generally slow-growing tumors, they
are associated with a pseudocapsule.

The histologic appearance of chordomas can very from rela-
tively cellular masses to fluid-filled cysts. Classically, they are
composed of chords of physaliphorous cells that are organized
into lobules. Because of the variation in their histological
appearance, they can be mistaken for myxoid lesions and
certain adenocarcinomas.

Similar to chondrosarcoma, chordomas demonstrate a poor
response to standard radiotherapy and chemotherapy. Chordo-
mas of the spheno-occipital junction and upper cervical spine
have been shown to be responsive to proton therapy (90), espe-
cially in men (100). Surgical excision with wide margins, there-
fore, offers the most reliable means to cure these patients,
whether used alone or in combination with adjuvant proton
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treatment. The average 10-yr survival among patients with
sacral chordomas is 20 to 40% (99,101), usually owing to re-
currence and direct spread of the tumor. Clival chordomas have
a uniformly worse prognosis, likely because of the technical
difficulties in performing wide resection at the spheno-occipi-
tal junction (101). The rate of metastasis varies widely in dif-
ferent series, ranging from 10 to 27% for sacral lesions (99,102),
however, this rarely represents the cause of death in patients
with chordomas.

REFERENCES
1. Weinstein JN, McLain RF. Primary tumors of the spine. Spine 1987;

12:843–851.
2. Masaryk TJ. Neoplastic disease of the spine. Radiol Clin North Am

1991; 29:829–845.
3. Haibach H, Farrell C, Gaines RW. Osteoid osteoma of the spine:

surgically correctable cause of painful scoliosis. CMAJ 1986;
135:895–899.

4. Pettine KA, Klassen RA. Osteoid-osteoma and osteoblastoma of
the spine. J Bone Joint Surg Am 1986; 68:354–361.

5. Janin Y, Epstein JA, Carras R, Khan A. Osteoid osteomas and
osteoblastomas of the spine. Neurosurgery 1981; 8:31–38.

6. Park YK, Ryu KN, Han CS, Bae DK. Multifocal, metachronous
giant-cell tumor of the ulna. A case report. J Bone Joint Surg Am
1999; 81:409–413.

7. Kos CB, Taconis WK, Fidler MW, ten Velden JJ. Multifocal giant
cell tumors in the spine. A case report. Spine 1997; 22:821–822.

8. Damron TA, Sim FH, Unni KK. Multicentric chondrosarcomas.
Clin Orthop 1996:211–219.

9. Enneking WF, Kagan A. The implications of “skip” metastases in
osteosarcoma. Clin Orthop 1975:33–41.

10. Enneking WF, Kagan A. “Skip” metastases in osteosarcoma. Can-
cer 1975; 36:2192–2205.

11. Wuisman P, Enneking WF. Prognosis for patients who have os-
teosarcoma with skip metastasis. J Bone Joint Surg Am 1990;
72:60–68.

12. Enneking WF. Staging of musculoskeletal tumors. In: F EW, ed.
Musculoskeletal tumor surgery. New York, NY: Churchill
Livingstone; 1983:87.

13. Kay RM, Eckardt JJ, Seeger LL, Mirra JM, Hak DJ. Pulmonary
metastasis of benign giant cell tumor of bone. Six histologically
confirmed cases, including one of spontaneous regression. Clin
Orthop 1994:219–30.

14. Huvos AG. “Benign” metastasis in giant cell tumor of bone. Hum
Pathol 1981; 12:1151.

15. Ramappa AJ, Lee FY, Tang P, Carlson JR, Gebhardt MC, Mankin
HJ. Chondroblastoma of bone. J Bone Joint Surg Am 2000;
82A:1140–1145.

16. Birch PJ, Buchanan R, Golding P, Pringle JA. Chondroblastoma of
the rib with widespread bone metastases. Histopathology 1994;
25:583–585.

17. Enneking WF, Spanier SS, Goodman MA. A system for the surgical
staging of musculoskeletal sarcoma. Clin Orthop 1980:106–120.

18. Hart RA, Boriani S, Biagini R, Currier B, Weinstein JN. A system
for surgical staging and management of spine tumors. A clinical
outcome study of giant cell tumors of the spine. Spine 1997;
22:1773–1783.

19. Jose Alcaraz Mexia M, Izquierdo Nunez E, Santonja Garriga C,
Maria Salgado Salinas R. Osteochondroma of the thoracic spine
and scoliosis. Spine 2001; 26:1082–1085.

20. Roblot P, Alcalay M, Cazenave-Roblot F, Levy P, Bontoux D. Os-
teochondroma of the thoracic spine. Report of a case and review of
the literature. Spine 1990; 15:240–243.

21. Albrecht S, Crutchfield JS, SeGall GK. On spinal osteochondro-
mas. J Neurosurg 1992; 77:247–252.

22. Khosla A, Martin DS, Awwad EE. The solitary intraspinal vertebral
osteochondroma. An unusual cause of compressive myelopathy:
features and literature review. Spine 1999; 24:77–81.

Table 2
Distribution of Primary Tumors Within the Vertebral Column



186 HAYDON AND PHILLIPS

23. Weinstein JN, McLain RF. Tumors of the Spine. In: Rothman RH,
Simeone FA, eds. The Spine. Vol. 2. Philadelphia, PA: W. B.
Saunders Company; 1992:1279–1318.

24. Willms R, Hartwig CH, Bohm P, Sell S. Malignant transformation
of a multiple cartilaginous exostosis–a case report. Int Orthop 1997;
21:133–136.

25. Norman A, Sissons HA. Radiographic hallmarks of peripheral chon-
drosarcoma. Radiology 1984; 151:589–596.

26. Silberstein MJ, Sundaram M, Akbarnia B, Luisiri A, McGuire M.
Eosinophilic granuloma of the spine. Orthopedics 1985; 8:264,
267–74.

27. Nesbit ME, Kieffer S, D’Angio GJ. Reconstitution of vertebral
height in histiocytosis X: a long-term follow-up. J Bone Joint Surg
Am 1969; 51:1360–1368.

28. Seimon LP. Eosinophil granuloma of the spine. J Pediatr Orthop
1981; 1:371–376.

29. Green NE, Robertson WW, Jr., Kilroy AW. Eosinophilic granu-
loma of the spine with associated neural deficit. Report of three
cases. J Bone Joint Surg Am 1980; 62:1198–1202.

30. Schajowicz F, Slullitel J. Eosinophilic granuloma of bone and its
relationship to Hand-Schuller- Christian and Letterer-Siwe syn-
dromes. J Bone Joint Surg Br 1973; 55:545–565.

31. Islinger RB, Kuklo TR, Owens BD, et al. Langerhans’ cell histio-
cytosis in patients older than 21 years. Clin Orthop 2000:231–235.

32. Vogel JM, Vogel P. Idiopathic histiocytosis: a discussion of eosi-
nophilic granuloma, the Hand-Schuller-Christian syndrome, and
the Letterer-Siwe syndrome. Semin Hematol 1972; 9:349–369.

33. Singer FR. Paget’s Disease of Bone. Topics in Bone and Mineral
Disorders. New York, NY: Plenum Medical Book Co; 1977.

34. Altman RD, Bloch DA, Hochberg MC, Murphy WA. Prevalence of
pelvic Paget’s disease of bone in the United States. J Bone Miner
Res 2000; 15:461–465.

35. Meunier PJ, Salson C, Mathieu L, et al. Skeletal distribution and
biochemical parameters of Paget’s disease. Clin Orthop 1987:37–44.

36. Noor M, Shoback D. Paget’s disease of bone: diagnosis and treat-
ment update. Curr Rheumatol Rep 2000; 2:67–73.

37. Moore TE, King AR, Kathol MH, el-Khoury GY, Palmer R,
Downey PR. Sarcoma in Paget disease of bone: clinical, radiologic,
and pathologic features in 22 cases. AJR Am J Roentgenol 1991;
156:1199–1203.

38. Lichtenstein L. Polyostotic fibrous dysplasia. Arch Surg 1938;
36:874–898.

39. Lichtenstein L, Jaffe HL. Fibrous dysplasia of bone. Arch Pathol
1942; 33:777–816.

40. Chow LT, Griffith J, Chow WH, Kumta SM. Monostotic fibrous
dysplasia of the spine: report of a case involving the lumbar trans-
verse process and review of the literature. Arch Orthop Trauma
Surg 2000; 120:460–464.

41. Wright JF, Stoker DJ. Fibrous dysplasia of the spine. Clin Radiol
1988; 39:523–527.

42. Hammami MM, al-Zahrani A, Butt A, Vencer LJ, Hussain SS.
Primary hyperparathyroidism-associated polyostotic fibrous dys-
plasia: absence of McCune-Albright syndrome mutations. J
Endocrinol Invest 1997; 20:552–558.

43. Danon M, Robboy SJ, Kim S, Scully R, Crawford JD. Cushing
syndrome, sexual precocity, and polyostotic fibrous dysplasia
(Albright syndrome) in infancy. J Pediatr 1975; 87:917–921.

44. Cohen MM, Jr., Howell RE. Etiology of fibrous dysplasia and
McCune-Albright syndrome. Int J Oral Maxillofac Surg 1999;
28:366–371.

45. Nabarro MN, Giblin PE. Monostotic fibrous dysplasia of the tho-
racic spine. Spine 1994; 19:463–465.

46. Rodenberg J, Jensen OM, Keller J, Nielsen OS, Bunger C, Jurik
AG. Fibrous dysplasia of the spine, costae and hemipelvis with
sarcomatous transformation. Skeletal Radiol 1996; 25:682–684.

47. Koci TM, Mehringer CM, Yamagata N, Chiang F. Aneurysmal
bone cyst of the thoracic spine: evolution after particulate embo-
lization. AJNR Am J Neuroradiol 1995; 16:857–860.

48. Kransdorf MJ, Sweet DE. Aneurysmal bone cyst: concept, contro-
versy, clinical presentation, and imaging. AJR Am J Roentgenol
1995; 164:573–580.

49. Sanerkin NG, Mott MG, Roylance J. An unusual intraosseous le-
sion with fibroblastic, osteoclastic, osteoblastic, aneurysmal and
fibromyxoid elements. “Solid” variant of aneurysmal bone cyst.
Cancer 1983; 51:2278–2286.

50. Cory DA, Fritsch SA, Cohen MD, et al. Aneurysmal bone cysts:
imaging findings and embolotherapy. AJR Am J Roentgenol 1989;
153:369–373.

51. Huvos AG. Bone Tumors: Diagnosis, Treatment, and Prognosis.
Philadelphia, PA: Saunders; 1991.

52. Robbins LR, Fountain EN. Hemangioma of cervical vertebras with
spinal cord compression. N Engl J Med 1958; 258:685–687.

53. Healy M, Herz DA, Pearl L. Spinal hemangiomas. Neurosurgery
1983; 13:689–691.

54. Glanzmann C, Rust M, Horst W. [Irradiation therapy of vertebral
angionomas: results in 62 patients during the years 1939 to 1975
(author’s transl)]. Strahlentherapie 1977; 153:522–525.

55. Faria SL, Schlupp WR, Chiminazzo H, Jr. Radiotherapy in the treat-
ment of vertebral hemangiomas. Int J Radiat Oncol Biol Phys 1985;
11:387–390.

56. Hekster RE, Endtz LJ. Spinal-cord compression caused by verte-
bral haemangioma relieved by percutaneous catheter embolisation:
15 years later. Neuroradiology 1987; 29:101.

57. Hekster RE, Luyendijk W, Tan TI. Spinal-cord compression caused
by vertebral haemangioma relieved by percutaneous catheter
embolisation. Neuroradiology 1972; 3:160–164.

58. Greenspan A. Benign bone-forming lesions: osteoma, osteoid os-
teoma, and osteoblastoma. Clinical, imaging, pathologic, and dif-
ferential considerations. Skeletal Radiol 1993; 22:485–500.

59. Azouz EM, Kozlowski K, Marton D, Sprague P, Zerhouni A,
Asselah F. Osteoid osteoma and osteoblastoma of the spine in chil-
dren. Report of 22 cases with brief literature review. Pediatr Radiol
1986; 16:25–31.

60. Mehta MH. Pain provoked scoliosis. Observations on the evolution
of the deformity. Clin Orthop 1978:58–65.

61. Gamba JL, Martinez S, Apple J, Harrelson JM, Nunley JA. Com-
puted tomography of axial skeletal osteoid osteomas. AJR Am J
Roentgenol 1984; 142:769–772.

62. Ward WG, Eckardt JJ, Shayestehfar S, Mirra J, Grogan T,
Oppenheim W. Osteoid osteoma diagnosis and management with
low morbidity. Clin Orthop 1993:229–235.

63. Ransford AO, Pozo JL, Hutton PA, Kirwan EO. The behaviour
pattern of the scoliosis associated with osteoid osteoma or
osteoblastoma of the spine. J Bone Joint Surg Br 1984; 66:16–20.

64. Poey C, Clement JL, Baunin C, et al. Percutaneous extraction of an
osteoid osteoma of the lumbar spine under CT guidance. J Comput
Assist Tomogr 1991; 15:1056–1058.

65. Osti OL, Sebben R. High-frequency radio-wave ablation of osteoid
osteoma in the lumbar spine. Eur Spine J 1998; 7:422–425.

66. Kroon HM, Schurmans J. Osteoblastoma: clinical and radiologic
findings in 98 new cases. Radiology 1990; 175:783–790.

67. Lucas DR, Unni KK, McLeod RA, O’Connor MI, Sim FH.
Osteoblastoma: clinicopathologic study of 306 cases. Hum Pathol
1994; 25:117–134.

68. McLeod RA, Dahlin DC, Beabout JW. The spectrum of
osteoblastoma. Am J Roentgenol 1976; 126:321–325.

69. Marsh BW, Bonfiglio M, Brady LP, Enneking WF. Benign
osteoblastoma: range of manifestations. J Bone Joint Surg Am 1975;
57:1–9.

70. Sypert GW. Osteoid osteoma and osteoblastoma of the spine. In:
Sundaresan N, Schmidek HH, Schiller AL, Rosenthal DI, eds.
Tumors of the Spine: Diagnosis and Clinical Management. Vol. 1.
Philadelphia, PA: W. B. Saunders Company; 1990:117–127.

71. Mayer L. Malignant degeneration of so-called benign osteoblastoma.
Bull Hosp Joint Dis 1967; 28:4–13.

72. Schwimer SR, Bassett LW, Mancuso AA, Mirra JM, Dawson EG.
Giant cell tumor of the cervicothoracic spine. AJR Am J Roentgenol
1981; 136:63–67.

73. Smith J, Wixon D, Watson RC. Giant-cell tumor of the sacrum.
Clinical and radiologic features in 13 patients. J Can Assoc Radiol
1979; 30:34–39.



CHAPTER 21 / PRIMARY TUMORS OF THE SPINE 187

74. Bidwell JK, Young JW, Khalluff E. Giant cell tumor of the spine:
computed tomography appearance and review of the literature. J
Comput Tomogr 1987; 11:307–311.

75. Campanacci M, Boriani S, Giunti A. Giant cell tumors of the spine.
In: Sundaresan N, Schmidek HH, Schiller AL, Rosenthal DI, eds.
Tumors of the Spine: Diagnosis and Clinical Management. Phila-
delphia, PA: W. B. Saunders Company; 1990:163–172.

76. Fidler MW. Surgical treatment of giant cell tumours of the thoracic
and lumbar spine: report of nine patients. Eur Spine J 2001; 10:69–
77.

77. Laus M, Zappoli FA, Malaguti MC, Alfonso C. Intralesional sur-
gery of primary tumors of the anterior cervical column. Chir Organi
Mov 1998; 83:43–51.

78. Misasi N, Sadile F. Selective arterial embolization in orthopaedic
pathology. Analysis of long-term results. Chir Organi Mov 1991;
76:311–316.

79. Leung LY, Shu SJ, Chan MK, Chan CH. Chondroblastoma of the
lumbar vertebra. Skeletal Radiol 2001; 30:710–713.

80. Kurth AA, Warzecha J, Rittmeister M, Schmitt E, Hovy L. Recur-
rent chondroblastoma of the upper thoracic spine. A case report and
review of the literature. Arch Orthop Trauma Surg 2000; 120:544–
547.

81. Barwick KW, Huvos AG, Smith J. Primary osteogenic sarcoma of
the vertebral column: a clinicopathologic correlation of ten patients.
Cancer 1980; 46:595–604.

82. Shives TC, Dahlin DC, Sim FH, Pritchard DJ, Earle JD. Osteosa-
rcoma of the spine. J Bone Joint Surg Am 1986; 68:660–668.

83. Sundaresan N, Schiller AL, Rosenthal DI. Osteosarcoma of the
spine. In: Sundaresan N, Schmidek HH, Schiller AL, Rosenthal DI,
eds. Tumors of the Spine: Diagnosis and Clinical Management.
Philadelphia, PA: W. B. Saunders Company; 1990:128–145.

84. Ozaki T, Flege S, Liljenqvist U, et al. Osteosarcoma of the spine:
experience of the Cooperative Osteosarcoma Study Group. Cancer
2002; 94:1069–1077.

85. Hirsh LF, Thanki A, Spector HB. Primary spinal chondrosarcoma
with eighteen-year follow-up: case report and literature review.
Neurosurgery 1984; 14:747–749.

86. Shives TC, McLeod RA, Unni KK, Schray MF. Chondrosarcoma of
the spine. J Bone Joint Surg Am 1989; 71:1158–1165.

87. Aprin H, Riseborough EJ, Hall JE. Chondrosarcoma in children and
adolescents. Clin Orthop 1982:226–232.

88. Bergh P, Gunterberg B, Meis-Kindblom JM, Kindblom LG. Prog-
nostic factors and outcome of pelvic, sacral, and spinal chondrosa-
rcomas: a center-based study of 69 cases. Cancer 2001;
91:1201–1212.

89. Camins MB, Duncan AW, Smith J, Marcove RC. Chondrosarcoma
of the spine. Spine 1978; 3:202–209.

90. Habrand JL, Schlienger P, Schwartz L, et al. Clinical applications
of proton therapy. Experiences and ongoing studies. Radiat Environ
Biophys 1995; 34:41–44.

91. Dahlin DC, Unni KK. Bone Tumors: General Aspects and Data on
8,542 Cases. Springfield, IL: Thomas; 1986.

92. Pilepich MV, Vietti TJ, Nesbit ME, et al. Ewing’s sarcoma of the
vertebral column. Int J Radiat Oncol Biol Phys 1981; 7:27–31.

93. Kornberg M. Primary Ewing’s sarcoma of the spine. A review and
case report. Spine 1986; 11:54–57.

94. Sharafuddin MJ, Haddad FS, Hitchon PW, Haddad SF, el-Khoury
GY. Treatment options in primary Ewing’s sarcoma of the spine:
report of seven cases and review of the literature. Neurosurgery
1992; 30:610–619.

95. Venkateswaran L, Rodriguez-Galindo C, Merchant TE, Poquette
CA, Rao BN, Pappo AS. Primary Ewing tumor of the vertebrae:
clinical characteristics, prognostic factors, and outcome. Med
Pediatr Oncol 2001; 37:30–35.

96. Eriksson B, Gutenberg B, G. KL. Chordoma. A clinico-pathologic
and prognostic study of a Swedish national series. Acta Orthop
Scand 1958; 52:49–58.

97. Meyer JE, Lepke RA, Lindfors KK, et al. Chordomas: their CT
appearance in the cervical, thoracic and lumbar spine. Radiology
1984; 153:693–696.

98. Bjornsson J, Wold LE, Ebersold MJ, Laws ER. Chordoma of the
mobile spine. A clinicopathologic analysis of 40 patients. Cancer
1993; 71:735–740.

99. Sundaresan N. Chordomas. Clin Orthop 1986:135–142.
100. Munzenrider JE, Liebsch NJ. Proton therapy for tumors of the skull

base. Strahlenther Onkol 1999; 175:57–63.
101. Sundaresan N, Rosenthal DI, Schiller AL, Krol G. Chordomas. In:

Sundaresan N, Schmidek HH, Schiller AL, Rosenthal DI, eds.
Tumors of the Spine: Diagnosis and Clinical Management. Phila-
delphia, PA: W. B. Saunders Company; 1990:192–213.

102. Mindell ER. Chordoma. J Bone Joint Surg Am 1981; 63:501–505.



CHAPTER 22 / RADIOTHERAPY TECHNIQUES FOR SPINAL TUMORS 189

189

From: Current Clinical Oncology: Cancer in the Spine: Comprehensive Care.
Edited by: R. F. McLain, K-U. Lewandrowski, M. Markman,  R. M. Bukowski,
R. Macklis, and E. C. Benzel © Humana Press, Inc., Totowa, NJ

22 Common Radiotherapy Techniques
for Spinal Tumors

MOHAMED A. ELSHAIKH, MD AND ROGER M. MACKLIS, MD

CONTENTS

INTRODUCTION

CLINICAL APPLICATION AND TREATMENT OUTCOME

CONCLUSION

REFERENCES

1. INTRODUCTION

Radiation therapy is an important modality in the manage-
ment of both primary and metastatic tumors involving the spine
and spinal cord. The mesenchymal elements of the spinal col-
umn and its contents may give rise to a wide variety of primary
tumors. Yet, primary neoplastic lesions of the spine are rare,
accounting for roughly 5 to 10% of all skeletal tumors. Meta-
static lesions of the spine are far more common (1). True spinal
cord neoplasms are relatively rare and typically intradural in
location. Radiation therapy has evolved over the past decades
to better meet these needs. Better pretreatment imaging studies,
megavoltage linear accelerators, and computer-based three-
dimentional (3D) treatment planning are all improving radia-
tion dose distributions, thus, decreasing the likelihood of severe
acute or late toxicity.

1.1. RADIOBIOLOGICAL CONSIDERATIONS
The spinal cord is a critical dose-limiting structure in the

radiotherapeutic treatment of several neoplasms. Treatment of
spinal cord tumors with radiation must delicately balance the
need to deliver a sufficient dose of radiation to kill the tumor
and the need to avoid further injury to the spinal cord. Radiation
tolerance of the spinal cord is based on the dose delivered per
fraction, total dose, and the volume of tissue treated. The dose
per fraction is the most important factor influencing the radia-
tion tolerance of spinal cord (2,3). The radiation tolerance dose
that has 5% probability of myelitis within 5 yr from treatment
(TD5/5) is generally considered to be 5000 cGy for a 5- to 10-
cm length of spinal cord, and 4700 cGy for 20 cm of irradiated
cord. This tolerance doses was calculated based on 180 to 200
cGy fraction size (4). However, some contemporary experts
have suggested that the TD5/5 for human spinal cord is actually
on the order of 6000 cGy (5,6) in the absence of chemotherapy.

A University of Florida review of head and neck cancer patients
whose cervical cord was incidentally irradiated found a 0.4%
incidence of radiation myelitis with total doses between 4501
and 5000 cGy (2 of 471 patients), compared with a 0% inci-
dence with 4001 to 4500 cGy (0 of 514 patients), and a 0%
incidence (0 of 75 patients) with doses of more than 5000 cGy
(7). A 6% incidence of cervical myelitis was reported in 72
head and neck cancer patients whose cords were treated with at
least 5500 cGy with fraction sizes ranged from 150 to 200 cGy.
For patients who receive less than 5000 cGy to the cord, the
incidence of myelitis was 0% (8).

Though some practitioners believe that the cervical spinal
cord is somewhat less sensitive to irradiation, clinical and
experimental studies have failed to demonstrate any differ-
ence in radio-sensitivity in different segments of the spinal
cord (9).

Hyperfractionation is a radiation treatment schedule that
exploits the radiobiological principle involving the repair of
normal tissues between radiation fractions. Multiple small
radiation doses are given on each treatment day, typically a
minimum interval of 6 h separates each dose of 120 to 150 cGy
per fraction. During the multi-hour interval between radiation
doses, the normal tissues undergo repair of the radiation ef-
fects. This process of repair of normal tissues allows the safe
administration of higher total doses of radiation to most normal
tissues like mucosa and skin. However, repair of damage to the
spinal cord is slower and experimentally has been shown to
require more than 8 h to complete the repair of radiation injury
(10). The radiation tolerance of the spinal cord is reduced by 10
to 15% when the interval between radiation fractions is reduced
from 24 h to 6 to 8 h (11). Thus, unlike the skin and mucosa,
hyperfractionation apparently does not spare the spinal cord
from radiation injuries (10,11). There is, therefore, minimal
advantage in the use of hyperfractionated radiation schedules
to treat spinal cord tumors.
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1.2.TECHNIQUE OF EXTERNAL BEAM
RADIOTHERAPY FOR SPINAL REGION TUMOR

The most common type of spinal tumor treated with radio-
therapy is vertebral body metastatic disease. All patients should
undergo formal simulation prior to starting irradiation. The
techniques used to treat spinal cord compression with radiation
account for the factors of radiation dose and treatment volume.
Although a variety of radiation treatment schedules are used,
most commonly, 3000 cGy is administered in 10 treatments
(300 cGy per treatment) to the area of the spinal disease. Radio-
biologically, this is approximately equivalent to administering
3600 to 4000 cGy using conventional 200 cGy/d radiation
schedules. A more abbreviated course of radiation is often con-
sidered advantageous in patients who are in pain and often have
other intervening medical problems (12).

The radiation treatment portal must be defined by informa-
tion from diagnostic imaging and not solely from clinical pre-
sentation. The radiation portal for spinal region tumors is
typically 7 to 9 cm wide and is centered at the midline of the
spine. Generally, the radiation portal includes the area of spinal
cord or cauda equina compression plus a margin of 1 to 2 verte-
bral bodies above and below the region radiographically involved
with metastatic disease (Fig. 1).

Paravertebral extension should be included in the radiation
portal when present. All patients with paravertebral tumor
should be evaluated with magnetic resonance imaging (MRI)
before the administration of radiotherapy to identify potential
disease extension along the spinal axis. The decision to include
asymptomatic noncontiguous sites of metastatic involvement
in the radiation field depends on the extent of disease in the
epidural space, associated vertebral collapse, and the potential
difficulty that could subsequently be encountered in matching
radiation portals.

For primary spinal cord tumors, the treatment field should
encompass the radiologically apparent lesion with 3 to 5 cm
margin of normal spinal cord both rostrally and caudally. Pre-
operative sagittal MRI is the most useful study for determining
the size and location of the treatment portals. Immobilization
devices such as thermoplastic face masks are useful for treat-
ment located in the cervical spine. Whether an associated syr-
inx (a dilated, fluid-filled intramedullary cavity) should be
included in the treatment volume is controversial. At times the
syrinx is formed by local mass effect resulting in obstruction of
the central canal of the spinal cord; in this situation the syrinx
is not a part of the neoplastic process, but instead represents a
normal tissue reaction to the nearby tumor’s bulk. At other
times, the tumor itself may be forming a cystic cavity or syrinx,
and the syrinx must be regarded as a part of the malignant
process. Clinically distinguishing these situations from one
another is difficult. In general, a small syrinx is included in
the treatment volume. A syrinx extending for virtually the
entire length of the cord need not be completely encompassed
by the treatment field unless it is found to be clearly malignant
at surgery.

Treatment fields are dependent on the site of involved spinal
cord. The cervical spine is usually treated using opposed lateral
fields to avoid the oral cavity. For the thoracic spine, a pos-
teroanterior field alone can be used. When treating the lumbar

spine or when the target appears to be midline, a parallel-
opposed anteroposterior and posteroanterior beam arrangement
may be preferred with equal or nonequal weighting. Wedged
pair posterior oblique fields offer the theoretical advantage
of decreased morbidity by minimizing the exit dose (Fig. 2).
The use of 3D conformal treatment planning with dose-volume
histograms has greatly improved the reliability and safety of
this technique. Craniospinal irradiation may be employed in
the management of seeding tumors such as high-grade ependy-
moma or medulloblastoma.

Re-irradiation or administration of higher doses of radiation
to the spine sometimes requires a specialized technique that
ensures that the radiation tolerance of the spinal cord is not
exceeded. Examples of these techniques include 3D radio-
therapy and intensity-modulated radiation treatment (IMRT).
Details about the role of IMRT in spinal neoplasms will be
discussed in Chapter 24.

Experimentally, histopathological repair of radiation
changes in the spinal cord occurs between 2 and 6 mo; after 6
mo, an approx 40% level of repair is observed (13). The addi-
tional radiation that could be safely administered to the spinal
cord, though, would generally be less than 50% of the origi-
nally prescribed dose, which is usually insufficient to effec-
tively treat recurrent spinal disease. The small potential benefit

Fig. 1. Example of posteroanterior treatment portal for spinal cord
compression at L3 vertebral body.



CHAPTER 22 / RADIOTHERAPY TECHNIQUES FOR SPINAL TUMORS 191

in administering an insufficient tumoricidal dose of radiation
generally will rarely merit the possible risk of radiation myel-
opathy. The risk of myelopathy must include factors like the
level of pretreatment spinal injury, and the time and dose
parameters of the past and currently proposed treatment.

The introduction of 3D treatment planning systems in the
late 1990s have enabled radiation oncologists to design highly
conformal treatment plans for spinal tumors. Tumor volumes
that wrap around the spinal cord are generally difficult to treat.
For those institutions that do not have full access to IMRT
technology, 3D conformal radiotherapy using a multiple arc
technique enables dose escalation to the paraspinal tumors and
retreatment of recurrent lesions (14).

2. CLINICAL APPLICATION AND TREATMENT
OUTCOME

2.1. SPINAL CORD COMPRESSION AND VERTEBRAL
METASTASES

Radiation therapy is a mainstay of treatment of patients with
metastatic cancer to the spine. The diagnosis of malignant spi-
nal cord or cauda equina compression is often considered a
radiotherapeutic emergency. Corticosteroids have been found

to reduce vasogenic spinal cord edema (15,16), control pains,
and improve neurological functions. The dose and form of ste-
roids vary. A dose of 10 to 40 mg of dexamethasone intrave-
nously given immediately, followed by 4 to 10 mg qid, are often
used. The lower doses are used for patients with mild pain and,
or equivocal signs of myelopathy; the higher doses are used in
patients with prominent or rapidly progressive myelopathy.
However, in fully ambulatory patients with radiographic but
not symptomatic spinal cord compression, radiotherapy can be
delivered without steroids (17). In general, the tapering of high-
dose steroids is begun within 48 to 72 h after completion of
radiotherapy, and the patient is followed closely for signs of
steroid-induced complications, such as glucose intolerance and
infection.

Early diagnosis is the keystone of all successful cancer
therapy. In the case of spinal cord or cauda equina compression,
pain represents both the first symptom and a symptom at diag-
nosis in over 95% (18,19). Pain can be present for days to
months before neurological dysfunction evolves. Pain is aggra-
vated by recumbency, and opioid analgesics are frequently
required before radiotherapy can be administered in the recum-
bent position. The prone position may be equally problematic.

A careful neurological assessment is needed to clarify the
extent of the disease. All patients who have clinically suspected
epidural disease should undergo MRI to the entire spine before
radiotherapy (20). This is imperative to accurately define the
radiation portal and encompass the entire extent of epidural
disease. Findings on the MRI should be correlated with those
on bone scan, computed tomography, and plain radiographs to
incorporate vertebral and paraspinous metastases adjacent to
the area of spinal cord compression.

Fig. 2. Examples of radiotherapy treatment planning for spinal region
tumors. (A) A single posteroanterior field. The axial isodose display
reflects a 6 MV photon beam prescribed to a 7 cm depth. (B) Paired
anteroposterior/posteroanterior using 10 Mev photon beams for
tumors approaching medline. The fields are weighted 1:2 anterior-
posterior:posterior anterior. (C) Paired posterior oblique wedged
fields using 10 MeV photon beams and 60º wedges to decrease a high
exit dose to the anterior structures with a more conformal radiation
dose distribution near the target volume.
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Spinal cord or cauda equina compression is a potential com-
plication in all patients with documented vertebral metastases.
Treatment of symptomatic vertebral metastases is advisable to
relieve refractory cancer-related pain and prevent progression
of disease that could result in spinal cord or cauda equina com-
pression.

The prognosis of patients undergoing radiotherapy for meta-
static epidural spinal cord compression depends on their neu-
rological function at the time treatment begins. In a study of
metastatic spine disease with radiographic spinal cord com-
pression but with no clinical signs of myelopathy, Maranzano
et al. (21,22) found that all patients remained ambulatory fol-
lowing radiation treatment. Patients with neurological signs
who are ambulatory at the time of diagnosis usually retain this
ability following radiotherapy.

However, only about half of the patients who are paraparetic
at presentation regain ambulation, and paraplegic patients
rarely are restored to ambulation with radiotherapy (23).
Zelefsky et al. reported that 92% of the patients who completed
radiation treatment to the spine because of spinal epidural
metastasis from prostate carcinoma, experienced pain relief,
and 67% had a significant or complete improvement on neuro-
logical examination (24).

In newly diagnosed patients with spinal cord compression
who underwent surgery first, radiation therapy should be admin-
istered after surgery. Unfortunately, there are no good clinical
data to document the appropriate waiting period before radia-
tion can begin. Radiation may not only delay skin healing in
these patients, but will also delay bone fusion. It is generally
recommended to wait 2 to 3 wk after spinal surgery before
beginning radiation therapy, unless symptoms or scans show
progression.

A statistically significant improvement in functional out-
come has been reported with laminectomy and radiotherapy in
treatment of epidural spinal cord compression over either
modality alone. In lung cancer patients, laminectomy fol-
lowed by radiotherapy was associated with an improved func-
tional outcome in 82% of patients, as compared to only 45% of
patients who were treated with either modality alone (25).
Constane et al. reported that 46% of their patients treated with
decompressive laminectomy and postoperative radiotherapy
had significant neurological improvement compared with 39%
of patients treated with radiotherapy alone (26).

A randomized trial comparing laminectomy followed by
radiation therapy vs radiotherapy alone in the treatment of spi-
nal epidural metastases showed no significant difference in the
effectiveness of treatment in regard to pain relief, improved
ambulation, and improved sphincter function (27).

In many situations, there is no universal answer as to what
the best management situation should be. Instead, an individual
approach should be pursued. Surgical decompression should
be considered in (1) patients without a diagnosis, (2) spinal
instability, and (3) patients who are neurologically deteriorat-
ing, who have been previously irradiated at the site of spinal
cord compression. However, the decision-making process must
be patient-specific. The results of neurological examination,
life expectancy, and co-morbid medical conditions must be
carefully taken into account.

2.2. PRIMARY NEOPLASMS OF THE SPINE
AND SPINAL CORD

2.2.1. Ependymoma
The favorable location of ependymomas of the cauda equina

often permits complete resection. Intramedullary ependymo-
mas often have tissue planes separating the tumor and cord,
which facilitate complete resection as well. Postoperative radio-
therapy after gross total resection does not appear to be benefi-
cial (28,29). The efficacy of postoperative radiotherapy
following incomplete resection of spinal ependymoma is con-
troversial. No randomized studies have been done to evaluate
the benefit of radiotherapy in this sitting. However, postopera-
tive radiotherapy has been recommended by many authors after
incomplete resection of spinal ependymoma to improve local
control (30–34). Although some studies have not found a sur-
vival benefit to postoperative radiation treatment in incom-
pletely resected spinal ependymomas, the radiation doses used
in these studies were generally less than that which is currently
recommended (35,36), and, thus, the results are in doubt. Some
authors have suggested close follow-up of patients with incom-
pletely resected low-grade ependymomas using serial MRI
scans, reserving postoperative radiotherapy for those patients
with rapid tumor growth (37). The 10-yr overall survival rate
for patients with primary ependymoma of the spinal cord fol-
lowing surgery and postoperative radiotherapy ranges from 62
to 96% (38–44). The wide range of treatment outcome might be
affected by the variability of the extent of surgical resection
before radiation therapy.

2.2.2. Astrocytoma
Low-grade astrocytoma and oligodendroglioma are infiltra-

tive and generally lack tissue planes separating the tumor from
the cord. Postoperative radiotherapy is recommended for
incompletely resected or high-grade lesions (45–47). The
effect of radiation therapy on survival is unclear (48). No ran-
domized study has addressed this question. However, a few
retrospective studies have suggested a survival benefit to post-
operative radiation treatment. In a study from Mayo Clinic (47),
patients with diffuse fibrillary astrocytomas who received radia-
tion had a significantly better survival than those who did not.
Although there was a trend toward improved survival, radia-
tion therapy did not significantly increase survival in patients
with pilocytic astrocytoma. Linstadt et al. (42) reported on 12
patients who received postoperative radiotherapy after subtotal
resection or biopsy. The 10- and 15-yr disease-free survival
was 91 and 74%, respectively. The 5-yr overall survival rate for
patients with low-grade astrocytoma of the spinal cord follow-
ing surgery and postoperative radiotherapy ranges from 60 to
81% (45,50–52).

Most of the studies have not found a dose-response interac-
tion for spinal astrocytomas (28,39,46,49,50). Minehan et al.
(47), for example, found no significant difference in survival
between patients who received less than 50 vs 50 Gy or more.
Because of the great tendency of malignant spinal cord astro-
cytoma to develop disseminated disease, the 5-yr overall sur-
vival rate for patients following surgery and postoperative
radiotherapy ranges from 0 to 40% (28,42,52).

2.2.3. Chordoma
Because local recurrence is common with chordoma, radia-

tion therapy is an integral part of the treatment plan. Postopera-
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tive radiotherapy is recommended after incomplete surgical
resection. Even if the resection margins are negative, recur-
rence can still occur (53–55), suggesting the routine use of
postoperative radiation in this setting. Keisch et al. (56) found
that patients with lumbosacral tumor treated with surgery and
radiation had a longer mean disease-free survival period (6.6 yr)
than those treated with surgery alone (4.1 yr) (p= 0.08). Azzarelli
et al. (57) noted that the two patients in their series who experi-
enced recurrence after radiation therapy did so after 46 and
80 mo, respectively, whereas the median disease-free inter-
val after surgery alone was only 12 mo (57).

The effect of radiation on survival is not clear.
Cheitiyawardana (58) noted a significant survival benefit when
comparing patients who received palliative surgery and low
dose radiation (25–30 Gy) vs those who received more radical
surgery and higher doses of radiation (30–45 Gy). O’Neill et al.
(53) also noted a beneficial effect in terms of survival in
patients with sacrococcygeal chordomas who underwent
subtotal resection and radiotherapy vs subtotal resection alone.
On the other hand, other investigators found no significant
survival benefits between patients who underwent surgery and
radiotherapy and those treated by radical surgery alone (59,60).

There is a clear palliative benefit for radiation treatment in
locally advanced or recurrent chordoma (54,59). Fuller and
Bloom (59), for example, noted a 96% stabilization or reduc-
tion in symptoms in 25 patients who underwent either biopsy or
partial resection followed by radiotherapy.

Many authors advocate higher radiation dose (55–70 Gy)
for better tumor control (54,61). The clear need for more effec-
tive local treatment has resulted in innovative approaches to
radiotherapy. Particle beam therapy or IMRT with the potential
for dose escalation using highly conformal fields appears to be
very promising approaches for patients with chordoma. These
modalities will be discussed elsewhere in this book.

2.2.4. Meningioma
Completely resected meningioma generally does not require

postoperative irradiation, because the risk of recurrence is only
6% (62). However, subtotally resected meningiomas have a
higher risk of local recurrence, and postoperative irradiation is
recommended. The recurrence rate after incomplete resection
of spinal meningioma ranges from 17 to 100% (63,64). In gen-
eral, the principles of treatment for intracranial meningiomas
should apply.

2.2.5. Multiple Myeloma and Plasmacytoma
Radiation therapy plays an essential role in the management

of plasma cell tumors. The role of radiotherapy in myeloma is
primarily aimed at palliation or pain relief. Because myeloma
is a radio-sensitive tumor, 10 to 20 Gy is usually adequate to
alleviate pains. For spinal solitary plasmacytoma, on the other
hand, a definitive approach to radiotherapy is employed. In this
setting, radiotherapy provides excellent local control, and long-
term disease free survival with the recommended dose of 45 to
50 Gy in 25 fractions.

2.2.6. Lymphoma
Lymphomatous involvement of the spine always represents

an epidural disease. The treatment for primary epidural non-
Hodgkin’s lymphoma has generally involved surgery (biopsy
for diagnosis or laminectomy for compression) followed by
external beam radiotherapy and chemotherapy (65,66).

2.2.7. Eosinophilic Granuloma
Small dose radiotherapy results in excellent local control

(71–100%) and pain palliation (93–100%) in patients with
eosinophilic granuloma (67, 68). However, postoperative
radiotherapy should be reserved for those patients with local
recurrence following surgery.

2.3. RADIATION SIDE EFFECTS AND MANAGEMENT
The risk of radiation myelitis is minimal after doses below

4500 cGy delivered in 180 to 200 cGy daily fractions. This risk
increases substantially when radiotherapy doses higher than
the spinal cord tolerance is given. Radiation induced myelopa-
thy is thought to result from two mechanisms: white matter
damage and vasculopathy. White matter damage is associated
with diffuse demyelination and swollen axons, which can be
focally necrotic and have associated glial reaction. Vascular
damage has been shown to be age dependent, and can result in
hemorrhage, telangiectasia, and vascular necrosis (69). The
two clinical syndromes of radiation-induced spinal cord inju-
ries are as follow:

1. Transient radiation injury. This syndrome occurs 2–4 mo
following radiotherapy. It usually spontaneously resolves
within a few months. Clinically, it is characterized by par-
esthesia in the extremities. The paresthesia may be evoked
or exacerbated by neck flexion (L’Hermitte’s sign). Tran-
sient demyelination with depletion of the oligodendrocytes
is the presumed pathology of this type of spinal cord injury.
It could be the first sign of chronic progressive radiation
myelopathy, however, it is usually transient, and does not
typically progress to delayed radiation myelitis.

2. Delayed progressive radiation myelopathy. Most per-
manent myelopathy occurs approx 1 yr following radia-
tion. Latent period as long as 60 mo or even longer have
been reported. The onset is insidious, usually starts with
paresthesia of the feet or hands followed by weakness of
one or both legs. The symptoms tend to progress steadily,
resulting in further sensorimotor disturbances, bowel and
bladder dysfunction and paraplegia. The mechanism of
radiation induced myelitis is unclear. Theories include
intramedullary vascular damage with thrombotic occlu-
sion of the their lumens that progresses to hemorrhagic and
white matter necrosis.

There is no known effective treatment for radiation myelitis.
Steroids temporarily improve neurological function by decreas-
ing the associated cord edema. The role of hyperbaric oxygen
therapy in the treatment or prevention of radiation-induced my-
elopathy is unclear, with many contradictory results (70–73).

Secondary malignancies, including sarcomas and glioblas-
toma multiforme have been reported after spinal cord tumor
irradiation (74,75). Other side effects can occur depending on
the area of the body irradiated and the fields used to treat the
tumor.

2.4. RADIOPHARMACEUTICALS
IN THE MANAGEMENT OF SPINAL METASTASES

In patients with multiple painful sites, systemic radiophar-
maceutical therapy (RPT) has increasingly been recognized as
an important contributor to improvement of quality of life. The
first report on the use of RPT for the treatment of bone metastases
was published by Pecher 60 yr ago (76). Using this modality, all
involved osseous sites can be addressed simultaneously with
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little long-term toxicity. The theoretical advantages of all tar-
geted RPT lie in the specific localization of the radionuclide at
the site of tumor to be treated and the relatively limited distribu-
tion of radionuclide at sites of potential limiting toxicity such
bone marrow. Most currently available radiopharmaceuticals
achieve a therapeutic ratio of approx 10:1 (77).

Historically, 32P was the first radionuclide to be widely used
in the treatment of bone metastases with subjective pain im-
provement in 60 to 80% of patients (78). Because of its side
effects with myelosuppression and pancytopenia, 32P has since
been replaced by newer, less toxic radionuclides. Table 1 sum-
marizes the physical characteristics of the four most commonly
used agents.

The mechanism of uptake for each of the bones seeking
radiopharmaceuticals is related to the degree of osteoblastic
activity at the site of the metastasis; the selectivity of uptake is
related to incorporation within bone rather than within tumor.
The complex anatomic relationship between tumor and new
bone formation means that the irradiation is delivered to the
tumor and the peritumor environment from radionuclide depos-
ited at the bone–tumor interface.

Overall response rates in terms of efficacy of pain palliation
ranges from 60 to 80% (81,82). A flare response, associated
with a short-lived increase in pain 1 to 2 d after administration,
may occur in 10% of patients. The impression gleaned from the
literature is that it may predict a good response to the treatment.

Systemic radionuclides may be considered in the following
circumstances:

1. In patients with widely metastatic disease, as adjuvant to
external beam radiotherapy.

2. When external beam therapy options have been exhausted
and normal tissue tolerance has been reached.

3. In patients with life expectancy of at least 3 mo.
4. There is no evidence of imminent epidural cord compres-

sion, pathological fracture, or mechanical instability.
5. In patients with good marrow reserve with a white blood

cell count of greater than 2500/mm3 and a platelet count of
more than 100,000/mm3.

3. CONCLUSION

Radiotherapy treatment decisions should be based on a case
by case basis considering many factors such as patient age,
tumor location and grade, degree of tumor resection, etc. Our
treatment recommendation for primary spinal cord tumors in
adults is shown in Table 2. With the rarity of spinal cord tumors,

prospective studies are difficult to accomplish. One major ob-
stacle to irradiating these tumors to higher doses is the toler-
ance of normal tissues, particularly the spinal cord.
Tumor-specific radiation sensitizers, radioprotectors, and com-
bined modality therapy using radiation with chemotherapy or
other molecular therapies are approaches that might be fruitful
avenues to pursue. Additionally, radiotherapy dose escalation
trials using 3D planning may be helpful, particularly for chor-
domas and high-grade gliomas.
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1. INTRODUCTION

Radiation therapy (RT) in the pediatric population presents
challenging dilemmas to the clinician. Some of the pediatric
malignancies are treated according to multi-institutional
multimodality trials that guide the indications and techniques
within specific parameters. Because of the extremely low inci-
dence of primary spinal malignancies, multi-institutional trials
have not been implemented. Most experience has been gained
through the retrospective single institution review of patient
management and outcome. The application of RT as a thera-
peutic modality in the management of pediatric malignancies
has to be carefully evaluated because the potential for long-
term consequences in this population is significant. The indica-
tions for RT are constantly evolving and in a few instances are
controversial.

1.1. MAGNITUDE OF THE PROBLEM
Primary spinal tumors in children are rare. Statistical data is

scant, and specific trends are difficult to determine. An analysis
of temporal trends in childhood cancer incidence in the United
States indicates a 1% average yearly increase in the incidence
rates of all neoplasms between 1974 and 1991. Rates increased
an average of 2% per year for central nervous system (CNS)
tumors. The incidence rate of all CNS tumors in children under
14 yr of age is 28.7 cases per million. The increasing incidence
rates were most apparent for children younger than 5 yr (26).

Earlier detection may be occurring, but if these trends are an
artifact of improvements in diagnostic imaging, flattening of
the CNS cancer incidence should be eventually observed.

Rates for all CNS tumors in children under 14 yr are ependy-
moma 2.4 per million, medulloblastoma 6.5 per million, and
astrogial 17.5 per million (26).

Primary intra-medullary tumors are even more rare. The rate
of frequency is only 5 to 10% of their intra-cranial counterparts,
with an approximate annual incidence of 1 per million children
(35,53).

2. PRIMARY INTRAMEDULLARY SPINAL CORD
TUMORS

Astrocytomas and ependymomas are the most common
types of spinal cord tumors (35,53). Presenting symptoms are
pain, motor deficits, gait deterioration, torticollis, and progres-
sive kyphoscoliosis (9,32). Hydrocephalus occurs more fre-
quently than in adults (32).

The management for most intradural tumors is primarily
surgical (35). The preferred initial treatment is complete resec-
tion (53). Subtotal or total resection should be attempted when-
ever feasible. This approach achieves histologic diagnosis and
in many instances long-term local control (14,59).

Based on the available literature, gross total resection of
ependymoma and radical resection of low-grade astrocytoma
can be followed by observation (49). In some cases, radical
surgery can be performed even in young children (9).
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Postoperative RT is indicated in cases of evident residual
tumor and when a second surgical procedure is not feasible.
Observation without RT can be instituted in cases of incom-
pletely resected pilocytic astrocytoma and in young children in
whom delaying radiation until maturity is advisable (8,21,36,59).

Outcomes for ependymomas are better than for low-grade
astrocytomas (31,32), with better 5- and 10-yr survival rates for
ependymoma (100 and 73%, respectively) than for astrocy-
toma (58 and 23%, respectively) in one report (35). Gross total
removal of ependymomas can be achieved more frequently
than astrocytomas (31,33).

The median overall survival for low-grade tumors is 96 mo
in the pediatric population (46).

Even patients with disseminated ependymomas and astro-
cytomas may sometimes achieve long-term progression free
survival with cranio-spinal irradiation (CSI) (46). Treatment
should be individualized.

2.1. LOW-GRADE SPINAL ASTROCYTOMA
Astrocytomas may be low-grade or high-grade and present

at any level of the spinal cord, although the majority of pediat-
ric spinal cord astrocytomas present in the cervical spine and
are low-grade (2,9,14,24,32). They are either localized to one
area of the cord causing focal widening or involve an exten-
sive portion or entire cord causing holocord widening. They are
infiltrative neoplasms and total resection is not generally pos-
sible (31). Histology and the time interval between first symp-
toms and diagnosis are significant prognostic factors on
multi-variate analysis (2).

The goal of surgical intervention is to obtain tissue for diag-
nosis and resect as much as possible without affecting neurologi-
cal function (31). With the exception of pilocytic astrocytoma,
postoperative radiation has been recommended in older series,
for all patients with astrocytoma owing to the infiltrative nature
of the lesion and frequent incomplete resection (35).

More recent reports suggest that gross total or sub-total resec-
tion alone can result in excellent local control and survival rates.
In this setting, the benefit of RT is difficult to demonstrate and
has no clear influence on survival. Long-term observation with
both clinical and radiological review, is acceptable follow-up
(2,31). The extent of resection does not influence prognosis or
recurrence rates (24,31,33).Favorable outcomes have also been
reported after excision of holocord tumors (5).

The recommended dose of RT when indicated is 50 to 55 Gy
to a localized area. This dose approaches cord tolerance and
must be delivered without unacceptable hot spots in the plan. No
dose–response curve has been established (35). Most failures
occur locally in the spinal cord, with intracranial failures occur-
ring less frequently (35). Neuraxis dissemination is rare (18).

2.2. HIGH-GRADE SPINAL ASTROCYTOMA
Less than 10% of astrocytomas are high-grade, either ana-

plastic astrocytomas or glioblastoma multiforme (32). They
produce rapid neurological deterioration and are not usually
amenable to complete excision. All patients with high-grade
tumors undergo surgery at least for diagnostic purposes (32),
followed by postoperative RT, which is generally recom-
mended (33,47).

Survival is consistently poor with higher recurrence rates
than seen in low-grade tumors (23), and only occasional long-
term survivors (59). Median progression-free survival is 10 mo
and median overall survival is 13 mo (31). Failures are either
local or diffuse. Diffuse failure is ominous, it occurs sooner
than local failure, with a median of 2 vs 23 mo, respectively and
has a shorter survival, 10 vs 37 mo, respectively (47).

2.3. LOW-GRADE SPINAL EPENDYMOMA
Ependymal tumors arise from the ependymal cells of the

cerebral ventricles, central canal of the spinal cord, and cortical
rests (45). The primary location of ependymoma is almost
equally divided between cranial and spinal. Within the spine,
the cervical and lumbar sites are more frequently invaded than
the thoracic spine (22).

The majority of intramedullary ependymomas are amenable
to complete surgical excision (43,60). Long-term disease-free
control of intramedullary ependymomas can be achieved with
gross total resection alone (43), resulting in high 5-yr survival
rates and low local recurrences (18,67,76). The value of post-
operative RT for grossly resected ependymoma is difficult to
establish (33).

Encapsulated tumors of the cauda equina or filum terminale
are candidates for en-bloc resection. Gross total resection
should be attempted at the initial surgical intervention, because
patients with residual tumor are 5.3 times more likely to suffer
eventual dissemination (60). Spinal seeding may occur at the
time of failure at the primary site (74).

Postoperative RT is recommended for patients with subtotal
resection or biopsy of ependymoma to doses of 40 to 45 Gy or
higher if the lesion is extensive (35). Local RT to known low-
grade tumor plus margins is effective for control of spinal
ependymoma (22,43,74). The majority of failures are at the site
of primary disease (62).

The overall survival rate ranges from 20 to 60% (45).
2.4. ANAPLASTIC SPINAL EPENDYMOMA
The incidence of spinal seeding is greater for high-grade

tumors and infra-tentorial tumors (74). The risk of meningeal
dissemination of intracranial ependymoma is on the order of 5
to 10% (62). Predictive factors for dissemination are histology,
proliferation index, and surgical resection. Myxopapillary spi-
nal ependymoma and high-grade intracranial ependymoma
have the highest rates of dissemination, while the predominant
histology of nondisseminated ependymoma is low-grade. Dis-
semination usually occurs within 5 yr of surgery (60).

Prophylactic CSI may be beneficial to a small population of
patients, though the characteristics of the group are difficult to
define (62). It has been proposed for all high-grade ependymo-
mas, and for low-grade ependymomas with evidence of spinal
metastasis (22,63,74). CSI is capable of eradicating subclinical
spinal metastasis (22). Prophylactic CSI is the standard prac-
tice for patients with anaplastic ependymoma, at some institu-
tions (25). The predominant site of relapse is the primary tumor
site (25), possibly indicating sterilization of the neuraxis.

The controversial use of CSI has variously been reported to
have positive, mixed, or detrimental effect on outcomes. This,
with the problem of local failure, limits the indication for CSI
to patients with proven dissemination beyond the primary site
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(45,64). In a multivariate analysis, increased radiation dose to
the primary site prolonged overall survival but not CSI (45).
Gross total resection at diagnosis improved disease free sur-
vival rates, when compared to subtotal resection (45).

Doses used for CSI of anaplastic ependymoma of the posterior
fossa are 35 Gy median to the spine, 36.4 Gy median to the brain,
and a median conedown dose of 50 Gy to the local field (25).

Given the variable groups who have undergone treatment
and the variable result of treatment, the need for CSI can not be
substantiated nor refuted conclusively (25).

3. EXTRASPINAL NEOPLASMS

The detailed management of a variety of extradural tumors
(i.e., neuroblastoma, rhabdomyosarcoma, Wilms’ tumor, and
so on) is beyond the scope of this chapter and we will thus
address only the elements of management relevant to the spine.

These extradural lesions may extend into the spinal canal by
direct growth or through the spinal foramina. However, a com-
mon factor in the management of these tumors is that a portion
of the spine is included in the radiation field in most of the cases
where radiotherapy is indicated (see Fig. 1).

3.1. NEUROBLASTOMA
Surgery alone is adequate therapy for early Pediatric Oncol-

ogy Group (POG) stage A neuroblastoma demonstrated by a
prospective POG study (52).

The optimal management of children, with stage II neuro-
blastoma has been controversial owing to the generally favor-
able outcome, regardless of the type of treatment. Neither RT

nor chemotherapy improved the outcome beyond the results
obtained with surgery alone. Even patients who received no
adjuvant therapy for residual tumor after surgery had a progression
free survival equal to that of patients receiving radiation (39).

In a prospective POG study, children with visible residual
tumor after surgery could be cured with moderately intensive
chemotherapy alone or in combination with surgery (51).

In an important subset of patients, with an intermediate risk
prognosis, POG stage C, a randomized prospective study dem-
onstrated that radiotherapy clearly improves disease free sur-
vival (59 vs 32%) and overall survival (73 vs 41%) when
compared to postoperative chemotherapy alone (4).

Doses used in this study were 30 Gy at 1.5 Gy/Fx for patients
over 24 mo of age or 24 Gy for patients between 12 and 24 mo.
Then next echelon of lymph nodes were treated with 24 or 18 Gy,
respectively (4).

These doses of RT to the spine are in the intermediate range of
therapeutic dosing. They are generally well tolerated in the short-
and long-term and have a low probability to produce long-term
consequences in the spine.

3.2. WILMS’ TUMOR
The systematic study of therapy for Wilms’ tumor by the

National Wilms’ Tumor Study (NWTS) has had a major impact
on the use of radiotherapy in this disease. The NWTS was cre-
ated in 1969 with the goal of evaluating treatment strategies for
Wilms’ tumor. The value of postoperative adjuvant therapy
and the reduction of RT doses were systematically studied in
successive studies.

The dosage regimens evolved from age based sliding
scales with doses between 18 to 40 Gy used in NWTS-1 (12),
to replacement of postoperative radiation with 6 mo of chemo-
therapy in NWTS-2 (11,72), to less intensive regimens for
tumors of favorable histology in NWTS-3 (11). The intent of
reduction of therapy is to minimize late complications in low
risk patients without jeopardizing the good results achieved
with more aggressive therapies.

The age-based sliding scale was still used in NWTS-4 for
unfavorable histology, while 10.8 Gy was the dose indicated
for favorable histology. This was changed in NWTS-5 by the
adoption of 10.8 Gy as the therapeutic abdominal dose for
Wilms’ tumor with favorable or unfavorable histology.

These doses of RT to the spine are in the low range of thera-
peutic dosing. They are well-tolerated in the short term and are
unlikely to produce any detectable long-term consequences in
the spine.

3.3. RHABDOMYOSARCOMA
Systematic exploration of the optimal therapy for rhab-

domyosarcoma in childhood has been carried out by the Inter-
group Rhabdomyosarcoma Study (IRS).

The first IRS determined that there was no evidence that
patients derived additional benefit from postoperative radio-
therapy for localized tumor after complete excision (40).

Doses of radiation in IRS-2 were defined by the patient’s age
(>6 yr vs <6 yr) and tumor size (>5 cm vs <5 cm), within a
narrow range of 40 to 55 Gy (41).

IRS-3 introduced more complex therapies with earlier ini-
tiation of radiation with significantly better outcomes (10).

Fig. 1. Schematic example of anterior abdominal field of irradiation.
Note the inclusion of the entire width of the vertebral bodies, with a
margin.



200 LUDIN

In the IRS-4, the major radiotherapy randomization is
between conventional RT, 50.4 Gy in 24 fractions of 1.8 Gy,
and hyper-fractionated RT, 59.4 Gy in 54 fractions of 1.1 Gy
twice daily (37).

These doses of RT to the spine are in the high range of
therapeutic dosing. They have significant short-term morbidity
and are considered to have high likelihood of producing long-
term consequences in the spine.

4. NEOPLASMS OF ADJACENT NEURAL
STRUCTURES

4.1. MEDULLOBLASTOMA
The definition of medulloblastoma is confined to primi-

tive neuroectodermal tumor of the posterior fossa (13). There
are approx 250 children diagnosed with medulloblastoma in
the United States annually (19). The 5-yr disease free survival
rates are 50 to 65% (13,19,34).

Because of primary site and local infiltration, curative
surgical excision is rarely possible. This tumor disseminates
malignant cells throughout the sub-arachnoid space via the
cerebrospinal fluid (CSF). The incidence of dissemination at
diagnosis ranges from 16 to 46% (15). CSI is indicated and
required in the management of this disease after surgical treat-
ment (2). No statistical difference was found in the event free
survival rates between patients who had gross complete removal
vs lesser resections (19).

The generally accepted prescribed doses of RT are: 30 to 36 Gy
to the neuraxis and 50 to 56 Gy to the primary site. This has been
the subject of intensive research. The goal of CSI is to uni-
formly deliver the prescribed dose of RT to the entire craniospi-
nal axis with multiple matching fields while protecting the
structures outside of the CNS that do not need to be radiated.
Please refer to the Subheading 6.

The posterior fossa is the predominant site of failure. The
importance of posterior fossa dose has been documented.
Patients receiving doses of 50 Gy or more have 5-yr survival
rates of 85%, whereas lesser doses have a 38% 5-yr survival
rate (69). Local relapse as a component of first failure is a
significant problem for patients treated with standard dose radia-
tion, suggesting that the posterior fossa should be treated to doses
higher than 56 Gy (48). Isolated spinal cord relapse is rare (15).

In order to decrease the potential for long-term morbidity
from radiotherapy for low Chang (6) stage medulloblastomas,
the POG and CCSG randomized patients to receive low-dose
CSI (23.4 Gy to the neuraxis) vs standard dose CSI (36 Gy to
the neuraxis) and 54 Gy to the posterior fossa (71). The protocol
was suspended after an increased risk of early recurrence and
a lowered 3-yr relapse-free survival was noted (71).

This study was designed to evaluate a patient population not
proven at the time to benefit from systemic adjuvant chemo-
therapy. A previous CCSG study had proven the benefit that
chemotherapy provided to patients with advanced Chang stage
T3-4 and M1-3 tumors (16,19). The high incidence of
extraneural relapse in that study, suggested that the use of che-
motherapy should be further explored in this population with
early stage M (8). An excess number of total recurrences and
recurrences in neuraxis without concomitant posterior fossa
recurrence was noted (16).

Encouraging improvements in 5-yr survival were reported
with the adjuvant use of three-drug chemotherapy (lomustine,
vincristine, and cisplatin) in children with subtotally resected
tumors, with infiltration of the brainstem or disseminated dis-
ease (54).

Lower doses of radiation to the craniospinal axis (posterior
fossa <56 Gy at 1.8 Gy/ Fx, CSI <30 Gy) combined with che-
motherapy can substitute for high doses (posterior fossa = 72
Gy at 1 Gy/Fx BID, CSI >30 Gy) without significant differ-
ences in relapse rate or survival. Neither dose to the posterior
fossa or craniospinal axis was statistically related to recurrence.
Failure in the post fossa occurred despite boosts to more than
56 Gy (75).

5. OTHER TUMORS THAT INVOLVE THE SPINE
5.1. DISSEMINATED LOW-GRADE INTRACRANIAL

ASTROCYTOMA
Dissemination may occur in low-grade intracranial astrocy-

tomas. These low-grade astrocytomas typically manifest rela-
tively benign growth characteristics, with a favorable long-term
response to therapy. Total and subtotal resections yield high
long-term survival rates. A small percentage of these low-grade
gliomas manifest widespread dissemination either at presenta-
tion or later. Spread occurs almost certainly on the basis of CSF
dissemination. Operative manipulation and biologic factors
may contribute to dissemination. Aggressive treatment of dis-
semination, including chemotherapy and radiotherapy, either
local irradiation or CSI can produce good quality survival
(55,56).

5.2. ACUTE LYMPHOBLASTIC LEUKEMIA
The CNS is involved with disease at the time of diagnosis in

about 3% of all cases of childhood acute lymphoblastic leuke-
mia (ALL) (7).

Treatment for children with ALL who have CNS disease at
diagnosis includes CSI during the consolidation phase of treat-
ment along with systemic chemotherapy (7).

The doses used by CCSG were 24 Gy of cranial irradiation
and 12 Gy of spinal irradiation.

Intensive systemic chemotherapy combined with 24 Gy of
cranial irradiation and 6 Gy of spinal irradiation with intra-
thecal methotrexate provides effective treatment for children
with ALL (7).

5.3. EWING’S SARCOMA OF THE CNS
Isolated brain or meningeal disease with Ewing’s sarcoma is

uncommon. It is infrequently the initial site of relapse. The use of
prophylactic CNS treatment with CSI and intra-thecal methotrex-
ate did not alter the subsequent risk of CNS involvement (73).

6. SPECIAL TECHNICAL CONSIDERATIONS

6.1. LIMITED SPINAL IRRADIATION
Radiation to a limited portion of the spine can be achieved

with various approaches. The area to be irradiated has to be
identified and localized. On plain X-ray films, the vertebral
levels can be determined. The depth of the area to be irradiated
is determined by lateral films, computed tomography scans, or
magnetic resonance imaging (MRI).

The techniques used are, a single posteroanterior (PA) photon
beam, a single PA electron beam, a pair of anterior and posterior



CHAPTER 23 / SPINAL RADIOTHERAPY FOR THE PEDIATRIC PATIENT 201

beams isocentrically placed, a pair of posterior oblique-wedged
beams, or other, more complex, non-coplanar arrangements.

6.2. CRANIOSPINAL IRRADIATION
A particular challenge is presented to the radiation oncolo-

gist when radiation of the entire cranio-spinal axis is indicated.
Multiple fields need to be matched, eliminating gaps between
fields (“cold spots”) of under irradiated tissue and avoiding
field overlaps of high doses (“hot spots”).

The radiotherapy technique used for CSI is complex (27).
The entire cranio-spinal axis cannot be encompassed in a single
radiation field. The treatment should ideally be designed to
deliver a uniform dose to the intended target structures, while
protecting the uninvolved structures. The most commonly used
technique involves administration of cranial radiation with two
lateral opposed fields arrayed isocentrically at midplane,
matched to one or two PA spinal fields, designed to encompass
the entire spinal contents from the upper neck to the distal
thecal sac.

Various technical aspects have to be considered when match-
ing these fields. The photon beams have a divergence that can
be calculated on the base of the geometrical design of the linear
accelerator. The divergence angle can be calculated as Tan-1

(0.5 ⋅  field length/source to axis distance).
The lateral brain fields are angled with the primary collima-

tor using this formula to match the divergence of the posteroan-
terior spinal field (see Fig. 2).

Similarly, the PA spine field can be angled to match the
divergence of the cranial fields by adjusting the couch angle
(see Fig. 3).

Designing the junction of the fields with this technique yields
a geometrically perfect match. When all angle rotations are
performed adequately, the dose varies smoothly across the junc-
tion without gaps or overdosing (70). The radiation dose at the
junction varies with the magnitude of daily setup error. Feath-
ering, or moving the junction by a small, 1 cm distance once a
week, increases the uniformity of the dose at the junction, and
spreads any potential dose inhomogeneity over a larger spinal
length (30), rather than in one spot. This feathering of the junc-
tion may be considered as a safety margin but could be super-
fluous (70).

Establishing the caudal border of the spinal field is equally
important. The caudal border of the spinal field has been tradi-
tionally established at S2, coinciding with the termination of
the spinal sub-arachnoid space. Standard setup with the spinal
field ending at S2 may be inadequate in many patients (27).
With the use of MRI, the dural sac termination is most fre-
quently seen at S2, however, variability of the caudal dural sac
has been found from S1 to S4. Intradural metastatic disease
may further extend the dural sac termination distally (17). The
lowest termination of the thecal sac can be found below S2 in
9 to 33% of cases, therefore, the lower border of the spinal field
has to be individualized according to MRI findings (17,66).

The sub-arachnoid space widens as we move caudally, this
has to be considered when selecting the width of the field (27).
When designing the lateral cranial blocks, the lateral eye blocks
must not block the cribriform plate.

The use of electron beams for irradiation of the spine has
been postulated with good patient tolerance (38).

Fig. 2. Schematic lateral diagram of the junction of the lateral cranial
and posterior spinal fields.

Fig. 3. Schematic posterior diagram of the junction of the lateral cra-
nial and posterior spinal fields.

7. LONG-TERM CONSEQUENCES

Because the late effects of radiotherapy on developing tis-
sues are a cause of major concern for patients and their families,
most large clinical trials include a substantive analysis of the
long-term impact of radiotherapy on relevant regional tissues.

7.1. SPINAL DEFORMITY
Spinal deformities develop in 22 to 70% of patients after

multimodality therapy (20,23,42,61). They include scoliosis,
kyphosis, and various combinations of scoliosis, kyphosis, and
lordosis (42). The most marked progression of scoliosis occurs
during the adolescent growth spurt irrespective of the patient’s
age at the time of irradiation (61).

The frequency of scoliosis increases as the radiation dose
increases. The severity of the scoliosis is also closely related to
dosage (42,50,61). Doses of less than 10 Gy are not radio-
graphically detectable (50). Doses of less than 20 Gy are not
associated with deformity (50,57), doses between 20 and 30 Gy
are associated with scoliosis of less than 20º and doses of more
than 30 Gy are associated with scoliosis of more than 20º
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(1,50,61). As the length of follow up increases, the severity of
the curves increases reflecting the effect of growth in an irra-
diated spine, with an average of 1º of rate of progression per
year (42).

Asymmetrical radiation was associated with more frequent
and more severe deformity. However, few children had severe
postradiation scoliosis requiring treatment (42).

Radiation changes occur in chondroblasts and the microvas-
culature of bone. Orthovoltage has a higher differential of energy
absorption in bone than megavoltage absorption, which is less
dependent on tissue density. This concept has led many to believe
that less growth disturbance will be found in megavoltage treated
patients. However, the frequency of the changes seen with
megavoltage radiation is similar to orthovoltage, though the
severity of bony changes is typically less (28,57).

Two periods of extreme sensitivity to radiation are identi-
fied: less than 6 yr of age and again at the time of puberty
(23,57,58). Marked retardation of vertebral growth can be seen
during these periods. Both sitting and standing height have to
be measured to detect the full magnitude of the impact. Differ-
ences of 2 standard deviations or more, can be found with doses
exceeding 35 Gy (57,58).

The most severe changes are seen in patients younger than
2 yr at the time of irradiation (50,61). In children aged 2 to 13 yr
and treated with does of 30 Gy, the spine is clinically straight and
there are no obvious roentgenological changes 3 to 17 yr after
completion of therapy (1).

The magnitude of the loss of stature seems to be correlated
to the dose and location of radiation, the stature already
achieved at the time of radiation, bilateral femoral head radia-
tion, sex, and predicted adult stature. A predictive model had
been described (68).

There is no difference in the ratios of long-term complica-
tions of the spine or the organs anterior to the spine when radia-
tion is administered with electron beams compared with photon
beams (23).

7.2. ENDOCRINOLOGICAL IMPACT
After CSI, endocrinological deficits can be detected as a

result of pituitary dysfunction or peripheral organ failure.
Examples are growth hormone deficiency, decreased thyroid
stimulating hormone, and hypothyroidism (13). These treat-
ment-related side effects may have major impact on stature and
spinal deformity.

7.3. INTELLECTUAL IMPACT
Decreased cognitive function is reported in 36 to 46% of

patients undergoing cranial radiation and other CNS therapeu-
tic interventions with intelligence quotient (IQ) decline or need
for special schooling (13,23,71).

7.4. SECOND MALIGNANT NEOPLASMS
Second malignant neoplasms are among the most feared

complications of pediatric radiotherapy.
The IRS reported that among 1026 long-term survivors

treated on IRS-1 and IRS-2 protocols, second malignancies
developed in 22 patients, with estimated cumulative incidence
of 1.7% at 10 yr (29).

In 2438 patients enrolled in the NWTS, 15 second malignant
neoplasms were identified. This number was 8.5 times the expected
value, representing a cumulative 10-yr risk of 1% (3,20).

Data from 10 international pediatric centers with nearly
15,000 new patients treated between 1950 and 1970 estimated
a cumulative probability of second malignant neoplasm of 3.3%
at 20 yr. This represents a 10-fold increase over age adjusted
expected rate of cancer. The risk factors cannot be precisely
identified, and include radiation, chemotherapy, familial or
genetic predisposition, combinations of treatment, and oth-
ers (44).

Multimodality therapy with high dose radiation and high
dose chemotherapy significantly increases the risk of second
malignant neoplasms (1,48,65).

8. CONCLUSION
RT has a key role and is an integral part of the management

of a wide variety of malignancies in childhood. Improvement
in techniques of radiation planning and administration are lead-
ing to improved outcomes with decreased short and long-term
morbidities.
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1. INTRODUCTION

In the spine, as elsewhere, conventional doses and treatment
schedules in radiotherapy have been titrated to the clinical tol-
erance of normal tissues. Protracted treatment courses deliv-
ered over several weeks, “fractionated schedules,” are a
radiobiological compromise employed to permit normal tissue
repair between multiple small doses of radiation with the goal
of reducing morbid late effects of treatment. Radiotherapy is
widely used because this approach is often successful in deal-
ing with microscopic disease or particularly radio-sensitive
tumors, however, for bulky disease or radio-resistant tumors,
sterilizing tumoricidal doses may never be reached owing to
limitations imposed by nearby critical structures such as the
spinal cord.

Conformal radiotherapy, in which the high-dose region is
shaped to fit the target lesion and the incidental dose to adjacent
normal tissues is limited, can be employed in strategies that
vary depending on the clinical situation. When treating lesions
with an established effective dose, conformal techniques can
permit reduction of dose to adjacent tissues with a resultant
decrease in acute and late morbidity. In cases where tumors
have not been reliably controlled by conventional doses, the
localized dose applied to the tumor can be increased, or “esca-
lated,” to a higher total, whereas doses nearby are held constant
to maintain normal-tissue effects at the level, which was con-
sidered acceptable previously. Both approaches would repre-
sent an improvement in therapeutic ratio for radiotherapy. In
some situations, both goals can be accomplished simulta-
neously.

Before pursuing the holy grail of highly conformal radio-
therapy, it is important to acknowledge two points. First, if
treatments are tightly localized, then the target volume must be
drawn accurately to avoid geographic misses and ablative dam-

age to normal structures. Reviewing target volumes with diag-
nostic radiologists and surgeons is prudent. Second, it is pos-
sible to reduce the treatment volume by excluding areas that
would have been “incidentally” treated by conventional tech-
niques and subsequently discover that those areas become sites
of failure, that is, they were actually important therapeutic tar-
gets that were not previously appreciated as such. For instance,
there might be microscopic tracking along nerves or ill-defined
routes of nodal drainage that have always been covered by
standard beam arrangements. Without careful attention it would
be quite easy to conduct an unintentional “clinical trial” dem-
onstrating an increase in marginal misses.

2. PHYSICAL GRADIENTS
Conventional radiation treatments are delivered through a

small number of beams: typically one to four. With these tech-
niques, dose is prescribed to a crude volume encompassing the
target. When a small number of beams are used, each beam
carries a significant fraction of the dose and a biologically
meaningful amount of tissue damage occurs along the path of
each beam (Fig. 1). The rate of change in dose fall-off at the
edge of a treatment plan is known as the “dose-gradient.” A
“steep gradient” would indicate that the delivered dose de-
creases sharply at the edge of a treatment plan, conversely, a
“shallow gradient” means that the dose gradually rolls off over
a significant distance. Conventional external-beam treatments
have shallow gradients, often delivering substantial doses even
several centimeters from the intended target.

In conformal treatments, a large number of convergent
beams are directed at a target so that no single beam carries
much of the radiation dose. In this situation, very little damage
is done to tissues as an individual beam traverses the body, but
at the point where the beams intersect a very high, localized
dose of radiation is delivered. By clever positioning and weight-
ing of the beams, the high-dose region can be shaped to match
the target lesion “like a glove.” This can be accomplished in a
variety of ways such as an array of fixed isocentric beams,
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rotational arcs, or multiple noncoplanar beams. Radiosurgery
represents the extreme situation in which a large number of
beams are used to almost completely exclude normal tissues
from the treatment volume so that a large ablative dose of radia-
tion can be delivered in a single fraction.

Radiosurgery, first with the γ-knife and subsequently with
modified linear accelerators, has gradually gained credibility
as an alternative to surgery for entire classes of patients. A
confluence of recent developments in computer science, medi-
cal imaging, and robotics has contributed to a new generation
of radiation treatment devices capable of delivering dose distri-
butions comparable or even superior to those achievable with
implants—non-invasively and to surgically inaccessible sites.
It should be acknowledged that the pioneers of radiosurgery
and the entrepreneurs who drive the ongoing development of
conformal radiotherapy platforms are almost exclusively
neurosurgeons who bypassed the dogmas of their more conser-
vative colleagues in radiation oncology. In recent years, radia-
tion oncologists have collaborated in developing expanded
applications beyond the central nervous system where knowl-
edge of routes of tumor spread and normal tissue tolerance for
a variety of organs becomes important.

With the exception of isocentric “shot placement,” treat-
ment planning with large numbers of beams was not feasible
before the advent of inexpensive high-performance computers
capable of “inverse treatment planning.” Traditional treatment
planning proceeds “forward” in the sense that a human operator
(dosimetrist, medical physicist, or physician) designs a set of
treatment fields which are all in one plane for geometric sim-
plicity, then calculates the resultant dose distribution and makes
small modifications as needed until an acceptable plan is gen-
erated. The forward approach has been carried to its practical
limit with three-dimensional conformal radiotherapy, in which
the target volume is delineated on an imaging study such as a
computed tomography (CT) or magnetic resonance imaging
scan, then “beams-eye views” are generated for up to a dozen
noncoplanar beams. In each beams-eye view, shaping blocks

are drawn to make the beam fit the tumor cross-section as pro-
jected from that particular direction. As the name suggests,
“inverse planning” proceeds in reverse order; the physician
supplies information about what the final plan should look like
in terms of desired dose to the target and dose limitations for
other structures, then software searches for a beam arrange-
ment that would achieve the desired goals. Inverse planning is
frequently compared to the method of image reconstruction
using CT scanners; instead of interpreting CT beam data to
generate an image, the desired “picture,” in this case the requested
dose distribution, is known and the beams to produce it are back-
calculated.

Intensity-modulated radiotherapy (IMRT) is a simple con-
cept. When a beam-modifying metal wedge is placed in the
path of a radiation beam it causes the intensity of the beam to
vary from one area to another by attenuating the beam more
where the metal is thicker and less where the metal is thinner;
the metal wedge modulates the intensity of the beam across its
profile. Varying the intensity across a beam profile can improve
dose homogeneity, minimizing hot and cold spots when treating
a part of the body that varies in thickness such as the breast or
neck. This simplest case is so trivial that the term IMRT would
not be used to describe it, though the core principles are relevant.

More complex intensity modulation can be accomplished
using a multi-leaf collimator, which consists of a number of
parallel metal fingers positioned to move in and out of a treat-
ment beam under computer control to produce intricate varia-
tions in a beam’s intensity profile. With multiple shaped
intensity modulated beams dose can be shaped to fit targets that
are highly irregular or even concave. Physical dose-gradients
of commercially available IMRT systems are generally not
adequate for radiosurgery, but fractionated conformal radio-
therapy is finding many applications. In the spine, lesions have
been treated with doughnut shaped plans, which leave a cold
region in the spinal canal virtually untouched. The isodose plan
shown in Fig. 1 was used to spare the kidneys of a young woman
during fractionated treatment of a recurrent ependymoma.

Fig. 1. Intensity-modulated radiotherapy isodose distribution used to avoid the kidneys during conformal radiotherapy of a recurrent ependy-
moma. The prescription isodose line is circular and encompasses the spinal canal. Tissues outside the larger isodose line, which abuts the
kidneys, received less than 20% of the prescribed dose.
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A serious limitation of inverse treatment planning is deter-
mining when a plan is “good enough.” Objective tools for quan-
titative comparison of plans are lacking, presently, such
decisions are still based on the physician’s subjective interpre-
tation. The calculations that have been used for many years in
radiotherapy are only “adequate” for conventional techniques,
radiation oncologists are trained to be skeptical of dose calcu-
lations where dissimilar tissues are abutting or where air cavi-
ties are present. In conformal treatments, the calculation
algorithms must be more subtle, appropriately accounting for
variations in tissue density and “second-order” physical effects
that were beyond the computational scope of prior software.
Sophisticated Monte Carlo calculation techniques, developed
by national weapons laboratories, are now appearing in treat-
ment planning systems; the resulting “correct” dose-calcula-
tions must be evaluated carefully by clinicians because the
calculated values cannot be compared directly with historical
experience. This represents another place where unintentional,
and potentially harmful, clinical trials could occur.

When low energy orthovoltage machines and Cobalt sources
were used for external beam treatments, extensive moist
desquamation was observed frequently. This is because the
dose was greatest at the body surface so that delivering dose to
a deep tumor required giving high doses to the skin. Treatments
became more tolerable with the introduction of high-energy
linear accelerators (LINACs), which provide relative “skin
sparing.” For these devices, the energy deposition is higher
inside the body than at the surface because of a “build up”
phenomenon, which can be pictured as a growing wave that
starts from the point where the beam first encounters the body.
Beyond the build up region, the wave dissipates exponentially
as energy is gradually lost to the tissue. For multiple beams,
there is no great gain from using higher energies because the
surface dose is so widely distributed; hair loss and dermal
erythema associated with conformal treatments are minimal
and only seen in the area directly overlying a superficially lo-
cated tumor. This means that a modified Cobalt machine could
be used to deliver highly conformal state-of-the-art radio-
therapy—good news for parts of the world where the cost and
maintenance requirements of a LINAC are prohibitive.

The final point regarding physical dose is that in reaching a
target, even a lightly weighted radiation beam must pass
through tissue and deposit some energy along the path. A subtle
cost of conformal treatments is that numerous low-dose beams
may actually deposit a larger “integral dose,” or total distrib-
uted dose, to the body than a small number of conventional
beams. Distributing dose at low levels over large volumes of
the body has raised concerns of induced malignancies in the
future, this issue is of particular importance in pediatric patients.
Caution must also be used to avoid “dose dumping” into particu-
larly sensitive tissues, such as the lungs, where a widely distrib-
uted low-dose of radiation may have functional significance.

3. BIOLOGICAL GRADIENTS
Because dose fall-off at the edge of a radiosurgical treatment

volume is not perfectly sharp, a few millimeters separation
between the target lesion and critical structures has been a typi-
cal requirement for consideration of radiosurgery in the brain.

Attention has been shown for structures, such as the optic chi-
asm, brain stem, speech areas, and sensorimotor strip, where
induced deficits would have a significant negative impact on
quality of life, this appropriately conservative approach has
resulted in a low incidence of complications that obscure the
true dose–response relationships. Common sense dictates that
all lesions in or near the spinal cord should also be managed
cautiously.

Even with sophisticated delivery and treatment planning
systems, when a lesion is located in extensive contact with a
critical structure, it may be impossible to achieve a physical
dose gradient that sharply discriminates between the target and
adjacent tissue. In these cases, the biological gradient can be
improved by use of fractionation. When small doses of radia-
tion are delivered to a tissue each day, significant repair has
time to occur between doses, which reduces the cumulative
damage, the amount of repair between fractions increases rap-
idly as the size of the daily dose is decreased.

As an illustrative example of how fractionation can help
localize radiation effects, suppose that a 1.5-cm metastatic
adenocarcinoma in the spine has epidural extension within
2 mm of the spinal cord. Based on historical results with
similar tumors in the brain, a reasonable objective would be to
deliver a minimum of 24 Gy in a single fraction to the entire
tumor. A radiosurgical plan is developed that has a high peak-
ing dose inside the tumor and covers the entire lesion with at
least 24 Gy, however, it is found that even with best planning
efforts, a portion of the spinal cord will still receive 14 Gy,
which would exceed the nominal tolerance dose of 8 Gy in a
single fraction. An unattractive option would be to reduce the
dose to that portion of the tumor that is immediately adjacent to
the cord knowing that this will compromise the probability of
durable tumor control, instead, fractionated schedules are
explored as an alternate approach. The linear-quadratic
model developed by Fowler (1) can provide some guidance in
comparing schedules, but still requires skilled clinical judge-
ment as a “sanity check” on the results. If the total dose is
divided over 5 d, then the daily cord dose falls from 14 to 2.8 Gy.
Calculations based on reasonable assumptions regarding tumor
kinetics and rates of normal-tissue repair, reveal that the bio-
logical impact on the cord would be reduced by approximately
two-thirds even though the physical dose delivered to the cord
is still 14 Gy. For comparison, a common palliative regimen
used “safely” for spinal cord compression is 20 Gy in five frac-
tions of 4 Gy daily, demonstrating that the calculation is con-
sistent with clinical experience. Because the daily doses to the
tumor remain quite large, 8 Gy or more each day, there is mini-
mal reduction in efficacy for tumor control, if a larger number
of fractions were required, then the total physical dose might
have to be increased.

4. CONFORMAL TECHNIQUES
The earliest way of delivering localized treatments was “by

treating from the inside out” with implanted radioactive
sources: a technique that is formally known as “brachytherapy.”
Years of clinical experience with these techniques have dem-
onstrated the efficacy of localized high-dose radiation treat-
ments even in dealing with bulky tumors. From brachytherapy,
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much has been learned about the doses required to consistently
sterilize tumors and the optimal target volumes at risk of tumor
involvement, these insights provide guidance for initial trials
with newer conformal technologies. With the exception of cer-
vix and prostate implants, brachytherapy is practiced in only a
few specialized centers because implant techniques require
special skills in the physician and medical physicist. General
application of brachytherapy is also hampered by results that
are markedly user-dependent.

Brachytherapy is not commonly employed in the spine, but
there are scattered reports from tertiary-care centers. In 1987,
a report from University of California at San Francisco described
treatment of a chordoma in the upper cervical spine that was
recurrent following intensive external beam radiotherapy that
had delivered 60 Gy to the cervical cord. A platinum foil was
shaped to the cord and positioned in the epidural space before
placement of an array of permanent I-125 sources to deliver an
additional 50 Gy (2). No neurological injury resulted and the
patient died of unrelated causes 19 mo later without evidence
of disease. More recently, physicians at the University of Ari-
zona described use of a gold foil to shield the thoracic cord
when managing a chondrosarcoma recurrent after resection and
postoperative external-beam radiotherapy that had delivered
45 Gy to the cord. The gold foil was shaped to enclose the thecal
sac and nerve root sleeves before placement of permanent I-
125 sources. Those authors report that an additional 120 Gy
was delivered, whereas the cord received only 1% of the im-
plant dose. Tumor had not recurred at the time of the report 18
mo following implant (3). A recent report from the University
of Arizona describes 26 patients with malignant tumors com-
pressing the spinal cord who were treated with paraspinal
brachytherapy as an adjunct to surgical decompression and
resection of tumor. Strings of I-125 seeds were placed with

careful attention to avoid direct contact with neural tissue.
Twenty-two of the sites also received external beam radio-
therapy (EBRT). No adverse effects were observed and 2-yr
local control was 82.6%. Notably, all four local recurrences
happened in patients whose tumors had progressed following
EBRT (4).

IMRT was initially used to treat tumors in the brain or head/
neck region where immobilization was relatively easy to accom-
plish. It has now been generalized to many other sites in the
body. To treat spinal lesions, we have used an aquaplast mold
encompassing approximately one-third of the patient’s body
centered on the treatment site (Fig. 2). The mold locks down to
the edges of the treatment table and also snaps down to the table
between the patient’s legs. Alignment tattoos are placed on the
patient’s skin where they can be visualized through holes
punched in the immobilization device. We have used this
arrangement to deliver conventional schedules of radiation
to well-defined targets within the vertebral bodies or spinal
canal at all levels of the spine: cervical, thoracic, lumbar, and
sacral. Particularly in the thoracic region, we have been selec-
tive in applying this technique only to relatively thin patients.
With a snugly fitting body mold, respiratory motions are
directed primarily toward the diaphragm and have not ham-
pered accurate delivery of conservatively designed treatment
plans. When we applied the same immobilization technique to
dynamic radiosurgery with the CyberKnife®, position confir-
mation of fiducials in the lumbar spine taken at approx 1-min
intervals during two treatments showed anatomic displace-
ments that were consistently less than 2 mm. A group at the
University of Heidelberg described a more elaborate non-inva-
sive fixation device for extracranial stereotactic radiotherapy
(5). In their system a body cast/head mask combination en-
closed the head and extended to the mid-thigh level. During

Fig. 2. Aquaplast body mold for immobilization during fractionated conformal radiotherapy of the spine.
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treatments, the body cast was rigidly attached to a stereotactic
body frame. Based on five patients treated to sites in the
thoracic and lumbar spine, they estimated that the overall
accuracy “can be safely estimated to be �3.6 mm.” These tech-
niques are adequate for fractionated treatments, but are too
imprecise for ablative radiosurgical dosing unless target track-
ing is employed.

Radiosurgery in the brain using a frame attached to the skull
is only precise to within a couple of millimeters. As previously
noted, anatomic flexibility and internal motions of the body
introduce additional uncertainty in dose delivery for spinal
lesions. In an attempt to circumvent these problems, an inva-
sive technique was developed to immobilize a segment of the
spine for radiosurgery (6,7). This approach involves exposing
the spinous processes of vertebral bodies immediately above
and below the target level, which are then clamped to a rigid
external frame. From phantom measurements a localization
accuracy of 1.4 mm was reported. Nine patients with recurrent
tumors in the spinal column have been treated with this pioneer-
ing invasive approach. Acute toxicity has been minor and three
patients evaluable at 1 yr show tumor control at the treated site.

A non-invasive radiosurgical platform is available at a small
number of sites in the United States and Japan. The CyberKnife
consists of a robotic manipulator wielding a compact linear
accelerator. As with other radiosurgical platforms, numerous
convergent beams are used to produce a highly conformal dose
distribution. What is unique about the CyberKnife is that before
delivery of each beam, a pair of orthogonal diagnostic radio-
graphs are obtained and from these stereoscopic views the
current location of the target can be deduced rapidly and pre-
cisely. This is accomplished by triangulation from several small
metal fiducials that are implanted in the spine under local anes-
thesia or directly from image correlations based on skeletal
anatomy. The robotic manipulator quickly adjusts the position
of the radiation source to produce idealized geometry that con-
forms to the original prescription. Researchers at Stanford
published initial results treating spinal lesions with the
CyberKnife (8). They described 16 patients treated with doses
of 11 to 25 Gy delivered in one to five fractions. No acute
toxicity was reported. The paper from Stanford indicates “align-
ment of the treatment dose with the target volume within � 1
mm…” (8). At the Cleveland Clinic, a modification of this
approach has been used to treat the spine, and also to success-
fully track and treat moving tumors in the lung.

Therapeutic proton beams have fundamentally different
physical properties than photon beams and deposit energy in a
pattern that is quite distinctive. Proton beams have a sharp peak
in energy deposition at depth in tissue, which is followed by an
abrupt drop. This exotic pattern can be exploited to deliver very
high doses abutting critical structures. Unfortunately, proton
machines are prohibitively expensive and only two facilities
are open in the United States.

4.1. CLINICAL SITUATIONS WARRANTING
USE OF CONFORMAL TECHNIQUES

For non-infiltrative well-visualized lesions, where the effec-
tive dose and necessary target volume are both well established,
one generally wants to limit the exposure of sensitive normal

tissues to a subclinical level in which optimal repair of cellular
damage is possible. We have used this strategy to treat eight
ependymomas in three patients. All three patients were surgical
failures. Conventional schedules of approx 54 in 2-Gy daily
doses were delivered to the spinal canal with 2-cm craniocaudal
margins on the visualized tumor. Care was taken to ensure that
the spinal canal was covered homogeneously without signifi-
cant “hot spots” in the treatment plan. Doses to structures at the
level of the tumor to be treated, such as the kidneys in a patient
with lumbar lesions, were tightly constrained. Six of the eight
lesions were controlled at 2 yr. The two recurrent lesions were
in one patient and they have recently been treated again using
radiosurgery. Longitudinally infiltrating astrocytic tumors aris-
ing in the cord may also be amenable to this approach using
generous margins.

Many benign lesions would seem perfect targets for
radiosurgical techniques because they are not infiltrative, they
are easily visualized radiographically, and their slow prolifera-
tion obviates the need for fractionation, however, enthusiasm
for ablative treatment of these lesions is tempered by realiza-
tion that collateral radiation damage contributing to late mor-
bidity may have many years to express itself clinically. In and
around the brain, radiosurgery has shown clinical efficacy for
meningiomas, schwannomas, ependymomas, glomus tumors,
and arteriovenous malformations. There is no reason to pre-
sume that similar treatments should be less effective for lesions
of identical histology located in the spine. Chordomas and
chondrosarcomas are good examples of tumors that are not
adequately controlled by doses in the upper range of what can
be delivered safely with conventional techniques. The most
successful outcomes in the axial skeleton have been reported
for mixed photon/proton therapy following maximal debulking
(9,10). It remains to be established whether dose escalation
with highly conformal techniques will prove as effective as
protons. If conformal radiotherapy is undertaken, the strategy
is to hold the peripheral dose at conventionally accepted toler-
ance levels, while delivering a high-peaking central dose to the
tumor or resection bed. We have used this strategy for patients
who were rendered ineligible for proton therapy protocols
owing to interventions before consultation at our institution.
Patients with newly diagnosed chordomas and chondrosarco-
mas should be informed of proton results before definitive treat-
ment is initiated. This is particularly important because the
surgical techniques employed may be altered by anticipation of
postoperative proton therapy. Osteosarcoma is another histol-
ogy that may benefit from dose-escalation strategies.

Patients with symptomatic progression of metastatic dis-
ease in the spine after radiotherapy should be evaluated for
surgery. Interstitial implant in conjunction with surgery may be
beneficial for selected patients. If they are not surgical candi-
dates because of their poor prognosis or intercurrent condi-
tions, then cautious re-irradiation may represent the only
therapeutic option. Assuming that the original course of radio-
therapy delivered a typical dose of 30 Gy, then in a context of
diffusely progressive disease, where life expectancy is severely
limited, a gentle additional palliative course of 20 Gy in 10
fractions, employing conventional techniques, may provide
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relief of pain until the end of life. Such end-of-life situations do
not generally warrant the resources required for highly confor-
mal treatments. Patients with a localized recurrence who are
expected to live at least several months, present a more serious
challenge. The palliative regimen previously described would
have little chance of providing long-term control of disease, but
would create a significant risk of delayed damage to the spinal
cord. Designing a high-dose plan, which encompasses the meta-
static lesion or entire vertebral body but relatively spares the
spinal cord, may permit delivery of therapeutically meaningful
doses. The strategy here would be to design a plan that provides
a sharp separation between the vertebral body and spinal canal,
then prescribe the dose as aggressively as permitted by residual
cord tolerance. Calculating residual tolerance does not have a
well-defined algorithm, it depends on the original treatment
schedule and also the interval since prior treatment. In defini-
tive situations which warrant aggressive treatment, conven-
tional cord doses may be pushed to 54 Gy rather than the
frequently used limiting value of 45 Gy. When preparing for re-
irradiation, the use of 54 in 2 Gy divided doses as the limiting
value, with the important caveat that prior surgical manipula-
tions or drug therapy, may have lowered the threshold for cord
damage. Using the spinal canal as proxy for the cord itself
provides a reassuring margin of prescribing safety.
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1. INTRODUCTION

Over the last 30 yr, the treatment of primary and metastatic
tumors of the cervical, thoracic, and lumbar spine has evolved
dramatically. In the case of primary tumors of the spine,
advances in neoadjuvant treatments and instrumentation
techniques have offered patients with previously inoperable
disease new options with reasonable chances of cure. When the
overall morbidity of radical resection makes it a poor treatment
option, radiation therapy can be combined with more conserva-
tive surgical procedures or can be used in lieu of surgery for
palliation, or even cure in some instances. With new advances
in radiotherapy techniques, greater doses of radiation (often
tumorocidal doses) can be administered to the majority of
tumor volume with fewer effects on the surrounding struc-
tures and, most particularly, minimal risk to the spinal cord.
It is imperative for the clinician and surgeon to be familiar with
these new techniques so that the care of their patients can be
optimized, with the highest potential for long-term survival and
reduced morbidity.

This chapter is divided into two sections. The first reviews
photon radiotherapy techniques used to treat specific primary
malignancies, metastatic deposits, and aggressive benign tu-
mors of the spine. The second section is devoted to proton
therapy. This chapter serves as an overview of external radio-
therapy techniques used in the treatment of primary tumors and
metastatic deposits in the cervical, thoracic, and lumbar spine. In
addition, a list of references is provided for the clinician who
wishes to further investigate these techniques and their appli-
cations.

2. RADIOTHERAPY FOR SARCOMAS
OF THE SPINE AND PARASPINAL SOFT TISSUES

There is emerging information in a number of recent reports
on the importance of gross total resections of sarcomas of the
spine, in contrast to piecemeal resections or biopsy alone. These
tumors are more frequently being treated like those of the ex-
tremities. Surgery is best performed by oncological surgeons
with specialty expertise in the spine. Because of the difficulty
of achieving microscopically negative margins, radiation
therapy can have an important role in providing durable local
control in these patients and should be administered at the
time of initial treatment in patients with positive margins. The
experience in extremity sarcomas, the most common anatomic
site for these lesions, is that the combination of radiation therapy
and limb-preserving surgery has produced high rates of local
control. When adjacent normal tissue tolerance has permitted,
radiation therapy doses have been 60 Gy or more when close or
positive surgical margins are encountered. Indeed, local con-
trol is improved, in the setting of positive margins, with doses
of more than 64 Gy (1,2). For unresected sarcomas, there ap-
pears to be a similar advantage for doses above 63 Gy (3).
These doses have been difficult to achieve in the past in le-
sions in close proximity to the spinal cord, which is at risk for
radiation-induced transverse myelitis at doses of 50 Gy or more.
New radiation techniques have made it possible to deliver
tumoricidal doses of this magnitude to lesions in or near the axial
spine.

Advances in external radiation treatment planning and deliv-
ery have made it possible to more closely shape the radiation
dose distribution around the tumor and spare normal tissue
using “conformal radiotherapy.” This refers to a variety of tech-
niques that aim to closely contour the radiation dose around the
tumor, limit dose to surrounding normal tissue, with the dual
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benefits of improving local tumor control and reducing normal
tissue complications. These conformal radiotherapy techniques
include proton or charged particle radiation therapy, three-di-
mensional (3D) conformal photon radiation therapy, and inten-
sity-modulated radiation therapy (see Chapter 24). The
techniques all use computed tomography (CT) and or magnetic
resonance imaging (MRI) images of the tumor and adjacent
normal tissue acquired with the patient in a reproducible posi-
tion (often by immobilization with a thermoplastic cast) and
referenced in space to reproducible landmarks on or in the
patient or cast. These images are then transferred to a 3D radio-
therapy treatment-planning computer where the desired tumor
volume target and critical normal structures are outlined by the
radiation oncologist (4,5). Beam trajectories or radio-isotope
source placement can then be planned to maximize dose to the
tumor and optimally spare critical normal tissues, which, in the
case of lesions in the spine, will be the spinal cord or cauda,
equina, and depending on the anatomic level, can also include
brain, cranial nerves, optic chiasm, parotid glands, heart,
esophagus, lungs, kidneys, liver, and bowel.

The use of 3D conformal photon radiation therapy (3DCRT)
has now become common practice in most centers. Using
beam’s eye viewing of volumes defined on a treatment plan-
ning CT scan, beam directions and beam shapes can be selected
to conform to the shape of the projected target and minimize
dose to critical normal structures. Despite its appellation, it can
be difficult to conform the beam around certain 3D structures
such as the spinal cord. Intensity-modulated radiation therapy
(IMRT) uses modifications in the intensity of the beam across
the irradiated fields to enhance the capability of conforming
dose distributions in 3D (6). Dosimetric comparisons of 3DCRT
plans with IMRT plans indicate that IMRT can yield signifi-
cantly better dose distributions in some situations at the expense
of additional time and resources.

New technologies are being developed that should signifi-
cantly reduce the time needed to plan, implement, and verify
these treatments. Practitioners have begun to apply IMRT to
treatment of spinal and paraspinal tumors. Patients undergo a
CT-myelogram immobilized in the radiation therapy treatment
position for radiation therapy treatment planning. Alterna-
tively, an MRI obtained in the treatment position can be used
for image fusion with the radiation therapy planning CT for
localization of the spinal cord and tumor delineation. The spi-
nal cord can be localized with high precision and spared from
excessive dose, while delivering high doses to the tumor bed.
Daily orthogonal imaging of the patient is obtained to confirm
accuracy of treatment set-up before dose delivery each day.
This kind of dose distribution is not achievable with conven-
tional radiotherapy (6a).

Our preference has been to employ moderate dose external
beam radiation therapy (20–45 Gy) before resection to reduce
the risk of tumor seeding at the time of surgery, followed by
additional intra-operative and postoperative radiation therapy
as dictated by surgical findings and pathological resection
margin status.

Intra-operative radiation therapy can be employed to increase
radiation dose to the dura in situations in which tumor is resected

off of the dura. Orthovoltage or electron beam radiation deliv-
ered via sterile cones or radioisotope brachytherapy are two
technical means of achieving appropriate intra-operative dose
delivery. A group from Memorial Sloan Kettering Cancer Center
reported 3-yr local control in 43% of 49 patients with paraspinal
tumors implanted for a variety of nonlung cancer histologies,
26 of whom had sarcomas (7). No cases of radiation myelitis
were reported. There are dosimetric limitations with the cur-
rently available temporary iridium-192 applicators which de-
liver higher than optimal doses to the spinal cord and with
permanent iodine-125 implants, which may be difficult to
align in an optimal,) permanent, geometric array. Therefore,
we have developed new Yttrium-90 radioisotope applicators to
allow for temporary, intra-operative placement of a plaque on
the dura to deliver very high doses (generally 10 Gy) to the
dural surface with low energy electrons with minimal dose to
the spinal cord in approx 10 min (Fig. 1) (8).

2.1. METASTATIC DISEASE
In general, the indications for external beam radiation are

pain without instability, deformity, or significant epidural spi-
nal cord or cauda equina compression. The most successful
predictor of outcome of patients treated for metastatic disease
to the spine causing spinal cord compression is the patient’s
neurological status at the time of treatment.

Results from a recent randomized study suggest that the use
of radical decompressive surgery with radiotherapy allows
patients with a single site of cord compression from metastatic
solid tumors (excluding lymphomas, leukemias, germ-cell
tumors) to retain the ability to walk longer (median 126 vs
35 d) or regain ambulation more frequently (56 vs 19%) than
radiotherapy alone (9).

Radiotherapy is usually delivered to the spine with lateral
fields to the cervical spine, posterior fields to the thoracic spine,
weighted posterior/anterior fields for the lumbosacral spine,
occasionally with the addition of lateral fields for lesions below
the level of the kidneys. Dose schedules of 30 Gy in 10 fractions
or 40 Gy in 20 fractions are frequently used. Katagiri et al.
recently examined the results of nonsurgical treatment for spi-
nal metastases (10). Between 1990 and 1995, 101 patients with
spinal metastases were treated with radiation therapy and/or
chemotherapy without surgical intervention and had follow-up
for more than 24 mo. Neurological status, pain relief, func-
tional improvement, and cumulative survival rate were assessed.
Of the total treated, 67 patients (66%) were evaluated as being
neurologically stable or improved after treatment. Pain relief
was achieved in 67%, and 64% showed functional improve-
ment. Primary lesion responsiveness to nonsurgical therapy
influenced the survival, neurological recovery, pain control,
and function. They considered lymphoma, prostate cancer,
breast cancer, multiple myeloma, and ovarian cancer as respon-
sive tumors; indeed, 87% of such patients maintained or
regained useful motor function compared to only 49% of
patients with non-small cell cancer, hepato-cellular carcinoma,
gastric, colon cancer, and other histologies that were consid-
ered nonresponsive. Neurological findings before therapy were
useful in predicting ambulatory status after treatment. Nonsur-
gical treatment was often successful when primary tumors were
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responsive to radiation therapy and/or chemotherapy. This was
seen even when neurological deficits were found, particu-
larly for lesions in the lumbar spine. Spinal metastases of
less responsive tumors, unless patients were neurologically
intact, responded less well to therapy. Most of the patients who
were successfully treated enjoyed relief lasting nearly until
death. Their functional ability was limited by general debility,
rather than by local tumor regrowth.

2.2. PLASMACYTOMA
The primary spinal lesion in patients with solitary plasma-

cytoma of bone (SBP) can be controlled in the great majority of
patients with radiation therapy (11,12). A recent review of the
experience at the M. D. Anderson Cancer Center reported local
control of tumor in 55 of 57 patients (96%) with a median radia-
tion dose of 50 Gy, with all patients receiving at least 30 Gy (13).
Median survival was 11 yr. No significant acute or late toxicity
was seen. However, 51% of the patients ultimately went on to
develop multiple myeloma. These results were similar to those
reported earlier in smaller series. In the M.D. Anderson series,
among those 11 patients with disappearance of myeloma pro-
tein, only 2 developed multiple myeloma, in contrast to pro-
gression in 57% of patients with persistent protein peak.
Interestingly, seven of eight patients whose disease was staged
by plain radiographs went on to develop myeloma, compared
to only one of seven staged with MRI (13). Four of twelve
patients evaluated for presumed solitary plasmacytoma had
other medullary involvement detected elsewhere in the spine
by MRI. This finding emphasizes the greater sensitivity of MRI
in delineating occult intramedullary disease away from a pre-
sumed solitary bone plasmacytoma. With the increasing use of
MRI in these patients, it is likely that diagnosis of solitary bone
plasmacytoma will become less common, as more of these
patients will be found at initial staging to have multiple my-
eloma. The fraction of patients with SBP who are cured, how-
ever, will likely increase, as MRI staging will exclude more
patients who already have multiple myeloma.

2.3. PRIMARY LYMPHOMA OF BONE
The Massachusetts General Hospital reported its experience

in the management of 37 patients with primary bone lymphoma
treated with combined modality therapy (CMT) (14). Two pa-

tients were treated with complete resection of the tumor, while 35
patients underwent radiation therapy with a median total dose of
54 Gy (range 38.35–66.5). All patients received combination
chemotherapy, which contained doxorubicin in 33 cases. Actu-
arial disease-free survival (DFS) at 5 and 10 yr was 78 and 73%,
respectively, while overall survival (OS) was 91 and 87%, re-
spectively. No local failures were seen. Pathological fracture at
presentation influenced DFS (p = 0.005) and OS (p =0.017)
adversely. OS was compromised in patients older than 60 yr (p
= 0.059) and DFS in patients with pelvic primaries (p = 0.015).
CMT was associated with improved DFS (p = 0.0008) and OS
(p = 0.0001) compared to historical controls treated with local
measures only. Ten patients (27%) developed complications,
usually in weight-bearing bones, requiring orthopedic proce-
dures following completion of therapy at a median of 25.5 mo
(range 4–228). A recent report from the Netherlands confirmed
the favorable outcome of treatment in these patients (15). Com-
bined modality therapy seems to be superior to localized treat-
ment alone in other reports as well (16,17). Although
combined modality treatment is favored in adults, there is
emerging evidence from a recent Pediatric Oncology Group
study that these lesions can be managed with chemotherapy
alone in pediatric patients (18). Recently, 2-fluoro-2-deoxy-D-
glucose (FDG) positron emission tomography (PET) has been
shown to be suitable for identifying osseous involvement in
malignant lymphoma with a high positive predictive value with
greater sensitivity and specificity than bone scintigraphy (19).

2.4. EWING’S SARCOMA OF BONE
Because of the difficulties associated with resection of these

lesions when they occur in the spine, including the problems in
securing negative surgical margins and the possibility of interrupt-
ing or delaying critical chemotherapy, these lesions are generally
being treated with chemotherapy and radiotherapy. Radiotherapy
doses in the range of 50 Gy are used, respecting spinal cord toler-
ance. Axial location remains a poor prognostic feature.

The Mayo Clinic reported that the local recurrence rate in
the extremities with radiation alone was between 15 and 20%
(20). In their series, there was a 3.5% incidence of the disease
in the spine. The 5-yr survival rate with spinal disease was 33%
and the local recurrence rate was 50%. Large reported series of

Fig. 1. (A) Yttrium-90 dural plaque in place at time of resection of
spine sarcoma. (B) Yttrium-90 dural plaque. (Reproduced with per-
mission from ref. 8.)
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patients with Ewing’s sarcoma of the spine are not available;
however, the effectiveness of surgical resection along with
adjuvant treatment was supported by a report of four patients
with primitive neuroectodermal tumor or extra-skeletal
Ewing’s sarcoma of the spine (21). All of the patients were
treated with multi-agent chemotherapy and radiation. How-
ever, the only patient that remained alive at the time of publi-
cation also underwent wide surgical excision of the lesion and
stem cell transplantation. These numbers are similar for disease
that is treated in the pelvis with radiation alone. In the pelvis (as
in the spine), it is often not possible to remove the tumor with
negative margins without sacrificing vital structures. Because
the doses that have been used to treat Ewing’s sarcoma in the
spine and the pelvis in the past have been limited by less sophis-
ticated radiation therapy techniques, there is some enthusiasm
that IMRT or protons will improve the treatment outcome in
these sites with less normal tissue morbidity than either of these
older radiotherapy techniques or surgery (22). As previously
noted, there may be a role for combining surgery with radio-
therapy and chemotherapy in selected cases.

2.5. GIANT CELL TUMOR
Treatment of giant cell tumor of bone generally involves

wide resection of the lesion in aggressive tumors or curettage
with or without bone-grafting or the use of cement in those
tumors with less bone destruction. Radiation therapy has been
used for patients who cannot be operated on for medical rea-
sons, who have a tumor that is technically difficult to resect, or
have recurrent tumors. A recent retrospective survey of 20
patients who had giant cell tumor of bone and were managed
with a single course of megavoltage radiation (40–70 Gy),
documented that the tumor had not progressed in 17 of the 20
patients after a median duration of follow-up of 9.3 yr (23).
Thus, the actuarial 10-yr rate for lack of progression was 85%.
Local regrowth was evident in 1 patient, who had received
radiation alone, and in 2 of the 13 patients who had been man-
aged with partial resection and radiation. Operative treatment
was successful in the three patients in whom the radiation
treatment had failed. They concluded that giant cell tumor of
bone was effectively treated with megavoltage radiation in
twenty patients in whom operative resection would have been
difficult or was not feasible. The rate of tumors that did not
progress with this regimen of radiation was similar to that re-
ported by investigators from several other centers (24,25). Fur-
thermore, these results closely rival those obtained with modern
curettage procedures. Malignant sarcomatous transformation
was not observed, although the authors emphasized that longer
duration of follow-up of a larger group of patients would be
necessary to provide a better estimate of the risk of malignant
transformation.

3. PROTON-BEAM RADIOTHERAPY
Radiation therapy can be a very effective modality for man-

agement of tumors involving the spine and paraspinal soft tis-
sues. It has become the primary local therapy for responsive
tumors such as lymphoma, solitary plasmacytoma/multiple
myeloma, and Ewing’s sarcoma. It can provide effective palliation
for metastatic disease. For spinal chondrosarcomas, osteosar-
comas and chordomas, as well as the soft tissue sarcomas of the

paraspinal soft tissues, surgical resection is being comple-
mented by increasingly sophisticated, high-precision radiation
therapy techniques that should improve the outcome for patients
with these challenging tumors. One such high-precision modal-
ity is proton-beam therapy, which allows increased radiation
dose to the tumor bed while limiting radiation exposure to
uninvolved tissues (26).

The advantages of bringing improved technology into the
radiation therapy clinic have been amply demonstrated over
the years. The adoption of megavoltage cobalt units moved the
maximum dose from the skin surface which had been the case
with 250 kVp and lower energy ortholvotage machines to a
depth of 4 mm. Radiation therapy doses were no longer limited
by the acute skin reaction but could be increased to match the
much greater radiation tolerance of the deeper structures. The
adoption of linear accelerators in the 1970s further improved
the achievable dose distribution, as did the use of radiotherapy
treatment simulators to plan treatment and the use of individu-
ally shaped portals. The adoption of brachytherapy and intra-
operative radiotherapy improved dose distribution and clinical
results at a variety of clinical sites including sarcomas. Most
recently, the availability of computer based treatment planning
with modern imaging technologies (CT, MRI, PET) have, like
the earlier technical improvements previously noted, enhanced
the ability of the radiation oncologist to deliver radiation to the
tumor while minimizing normal tissue dose. Therefore, there is
confidence that the smaller treatment volumes, the reduction of
normal tissue dose and volume irradiated, and the increase in
dose to the tumor target achievable with protons will, like these
earlier technological advances, result in clinical gains in cancer
therapy.

The rationale for the use of protons (or other charged par-
ticles) rather than photons (which have traditionally been used
for radiation therapy) is the superior dose distribution which
can be achieved with protons. Protons and other charged par-
ticles deposit energy in tissue through multiple interactions
with electrons in the atoms of cells, although a small fraction of
energy is transferred to tissue through collisions with the nuclei
of atoms. The energy loss per unit path length is relatively small
and constant until near the end of the proton range where the
residual energy is lost over a short distance, resulting in a steep
rise in the absorbed dose (energy absorbed per unit mass). This
portion of the particle track, where energy is rapidly lost over
a short distance, is known as the Bragg peak. The initial low-
dose region in the depth–dose curve, before the Bragg peak, is
referred to as the plateau of the dose distribution and is about
30% of the Bragg peak maximum dose. The Bragg peak is too
narrow for practical clinical applications. For the irradiation of
most tumors, the beam energy is modulated in order to achieve
a uniform dose over a significant volume. This is accomplished
by superimposing several Bragg peaks of descending energies
(ranges) and weights to create a region of uniform dose over the
depth of the target; these extended regions of uniform dose are
called “spread-out Bragg peaks” (SOBP). The depth–dose
curve for a proton beam modulated to achieve a 10-cm SOBP
is shown in Fig. 2. For comparison, Fig. 2 also shows the depth–
dose curve for 15 MV photons, a beam commonly used to treat
deep-seated tumors. For illustration, a tumor is indicated in the
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region between 13 and 23 cm in depth. The red lines represent
an “ideal” dose distribution that covers the tumor. The proton
dose distribution is characterized by a relatively low dose re-
gion in normal tissue proximal to the tumor, a uniform high
dose region in the tumor, and zero dose beyond the tumor. If
proton beam alignments are chosen that place a desired normal
tissue beyond the range of the beam, it will be effectively spared
from any significant radiation dose.

By contrast, the photon dose distribution is characterized by
a maximum dose in normal tissue proximal to the tumor, a
lower and non-uniform dose in the tumor, and significant dose
to normal tissues and organs beyond the tumor. Photon beams,
however, have a lower dose in the entrance (build-up) region
and will therefore have more skin sparing than proton beams.
If multiple beams are used to treat a particular tumor, effective
skin sparing can also be achieved with protons. The lateral
penumbra is comparable for protons and photons at depths up
to about 10 cm; however, owing to multiple scattering, the
proton penumbra will be larger at deeper depths.

The proton dose advantage is purely physical; there is no
predicted biological advantage to proton over photons.

For many of the early proton machines, the energy of the
beam (which dictated the depth of the Bragg peak) was only of
sufficient energy to treat superficial lesions (i.e., those of the
eye) or intermediate depth lesions (i.e., the base of the skull)
(27,28). Few of the machines had the energy to treat all sites in
the body. Because of these technical factors and the interests of
the involved physicians, the clinical sites that had initially re-
ceived the most interest were uveal melanomas in the eye and
base of skull sarcomas. The major emphasis for proton therapy
clinical research initially was dose escalation for tumors for
which local control with conventional radiotherapy was poor,
initially including base of skull tumors and locally advanced

prostate cancer and more recently hepatocellular carcinoma
and non-small cell lung cancer (41). Increasingly, there is inter-
est in protocols aimed at morbidity reduction in those tumor
sites in which tumor control with photons is good. Many pedi-
atric tumors fall into this category (31,32). It should be empha-
sized that dose escalation and morbidity reduction are not
mutually exclusive when using protons and that the opportunity
for both may be present in any given patient.

As discussed previously, proton therapy provides a means to
reduce the irradiated (treated) volume and therefore decrease
both the volume of irradiated normal tissues and organs and the
total radiation dose that they receive. This may increase the
tolerance of the patient to radiation and allow for higher doses
to be delivered to the target volume, thus, achieving a higher
tumor control probability (TCP) (33). Furthermore, with pro-
ton beams, higher TCPs may be achieved without increasing
the incidence or severity of treatment-related morbidity. Ad-
ditionally, the more conformal treatment volumes of proton
therapy should result in a reduced frequency and severity of co-
morbidity between radiation and chemotherapy, thus, allowing
for improved treatment compliance and increased treatment
intensity (34,35).

Improvements of dose distributions may result in reductions
in treatment morbidity and improvements in quality of life.
Radiation therapy alone, or in combination with surgery and/or
chemotherapy, has been effective in the treatment of a broad
range of solid tumors. In some tumor sites, high rates of local
control have been achieved with modern radiation therapy tech-
niques (36). However, there remains a challenge to reduce the
treatment-related complications currently associated with ra-
diation therapy and the co-morbidity resulting from the combi-
nation of radiation and chemotherapy (34). Superior dose
distributions, which permit the delivery of high tumor doses

Fig. 2. Comparison of dose distributuions for a proton and photon beam to treat a tumor extending from 13 to 23 cm deep to skin surface.
Although protons haqve a slightly higher skin dose than photons, their dose distribution is otherwise more favorable, with less dose to normal
tissue in front of the tumor and no exit dose to normal tissue.
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while reducing or eliminating the dose delivered to normal
tissues and organs, offer a significant potential for the reduc-
tion of treatment morbidity (37). Pediatric tumors have a higher
cure rate in general, however, the late effects of radiation in
children are more pronounced because developing tissues are
being irradiated. Proton radiation should maintain the high cure
rates of photon therapy while decreasing the morbidity seen in
photon treatments (30–32).

3.1. SARCOMAS OF THE SKULL BASE
Treatment of patients with sarcomas of the skull base is

difficult and complex because of the proximity of the brain
stem and the base of the brain. These factors have limited both
surgical approaches and treatment with conventional radiation
therapy. The rapid fall off of dose at the end of the range of the
proton beam was judged to be particularly suitable for treat-
ment of these tumors. Indeed, the physical advantage of proton
allowed for very significant dose escalation for these patients.
Rosenberg et al. reported the actuarial 5- and 10-yr actuarial
local control rates for 200 patients treated at Massachusetts
General Hospital/Harvard Cyclotron Laboratory (38). Chond-
rosarcomas of the base of the skull who received a median dose
of 72.1 cobalt gray equivalent (CGE) in 38 fractions had 5- and
10-yr actuarial rates of 99 and 98%, respectively. Although it
is sometimes stated that chondrosarocomas are not sensitive to
radiation therapy, these results would clearly contradict that
assertion. Interestingly, patients with chordomas of the skull
base treated to a similar median dose of 68.9 CGE did signifi-
cantly worse with actuarial local control rates of 59 and 44% at
5 and 10 yr, respectively. Similar results were reported by Hug
et al. from Loma Linda, who noted local control in 92% of
patients with chondrosarcoma and 76% of patients with chor-
domas. They reported symptomatic grade 3–4 toxicities in 5%
of patients (36). These results are substantially better than those
achievable with series in which patients with chondrosarcomas
and chordomas of the skull base were treated with photons to
a median dose of 55 Gy in which the estimated local control was
only 36%.

These treatments can be given with acceptable toxicity to
the brain and optic structures in view of the major morbidity
and mortality, which accompany uncontrolled tumor growth.

3.2. SARCOMAS OF THE SPINE AND PARASPINAL
TISSUES

Radiotherapy for treatment of tumors of the spine and
paraspinal soft tissues is constrained by the radiation tolerance
of the spinal cord which is generally quoted at 45 Gy, owing to
the proximity of the spinal cord. This dose is well below that
necessary to reliably control most sarcomas, which require
doses of approx 60 Gy for sublinical microscopic disease, 66
Gy for microscopically positive margins, and in excess of 70
Gy for gross residual disease. Therefore, proton radiotherapy,
with its ability to spare adjacent tissues, offers advantages for
treatment of tumors in this location. Isacsson et al. compared
conformal radiotherapy treatment plans with photons and pro-
tons for patients with cervical Ewing’s sarcoma (33). Even
when delivered as only the final 20% of the treatment as boost
to treat the gross disease, they noted a 5% improvement in local
control for a comparable predicted risk of spinal cord injury.

Hug et al. presented results on combined photon/proton
treatment of 47 patients with osteo- and chondrogenic tumors

of the axial skeleton (36). Radiation was delivered postopera-
tively in 23 patients, pre- and postoperatively in 17, and as sole
treatment in 7 patients. Mean radiation doses of 73.9 CGE, 69.8
CGE, and 61.8 CGE were delivered to group 1 (20 patients with
recurrent/primary chordoma or chondrosarcoma), group 2 (15
patients with osteogenic sarcomas) and group 3 (12 patients
with giant cell tumors, osteo- or chondroblastomas) respec-
tively. Five-year actuarial local control and survival for patients
with chondrosarcoma was 100 and 100% and with chordoma
was 53 and 50%, respectively. Actuarial 5-yr local control for
patients with osteosarcoma was 59%. The 5-yr actuarial local
control and survival for the group 3 patients were 76 and 87%.
Overall, improved local control was noted for primary vs recur-
rent tumors, gross total resection, and target doses greater than
77 CGE. Similar results have been presented in 52 patients with
spinal and paraspinal tumors treated with charged-particle
therapy at the University of California Lawrence Berkley Labo-
ratory (36a). Local control was obtained in 58% of previously
untreated patients with 3-yr survival of 61%.

3.3 EWING’S SARCOMA
Management problems for Ewing’s sarcomas are complex

owing to: (1) the critical importance of the normal structures in
the vicinity of the tumor; and (2) the frequent finding that sur-
gical resection margins are positive or close. For truncal and
retroperitoneal sites, surgical resection and radiation are lim-
ited by the proximity of the tumor to critical organs such as
liver, kidney, bowel, and great vessels. Local failure rates are
often greater than 50%. Highly localized dose distributions
offer the possibility of increasing local control, as well as
decreasing late effects. Smith et al. performed comparative
treatment planning comparing intensity modulated photons
with intensity modulated protons for a patient with a pelvic
Ewing’s sarcoma and noted sparing of the intestine, rectum,
bladder, and femoral head in the proton plan compared with the
photon plan (36b). These results demonstrate a significant po-
tential for reduction of treatment morbidity for the proton plan
as compared to the photon plan. In addition to less acute mor-
bidity to bowel and marrow during concurrent chemoradiation,
one would anticipate a reduction in late, radiation induced tu-
mors, a problem with conventional photon radiotherapy for
these patients (39).

3.4. COMPARATIVE TREATMENT PLANS
The use of 3DCRT has now become common practice in

sophisticated radiation oncology departments around the world.
Using beam’s eye viewing of volumes defined on a treatment
planning CT scan, beam directions and beam shapes can be
selected to conform to the shape of the projected target and
minimize dose to critical normal structures. In spite of its appel-
lation, it can be difficult to conform the beam around certain 3D
structures, such as the spinal cord. IMRT uses modifications in
the intensity of the beam across the irradiated fields to enhance
the capability of conforming dose distributions in 3D. Dosim-
etric comparisons of 3DCRT plans with IMRT plans indicate
that IMRT can yield significantly better dose distributions in
some situations; although planning and treatment require more
time and resources. New technologies are being developed that
should significantly reduce the time needed to plan, imple-
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ment, and verify these treatments. The proton beam can also be
modulated in similar fashion and is expected to offer additional
advantages, especially decreased radiation dosages to normal
surrounding tissues (29,35).

In general, it is possible to deliver prescribed tumor doses in
a uniform manner using either protons or photons. If, for a
given target dose, protons deliver significantly less integral
dose to normal tissues and organs, this provides an opportunity
for dose escalation while keeping the normal tissue complica-
tion probability (NTCP) comparable to those produced by pho-
ton irradiation. On the other hand, if local control is satisfactory
but NTCPs are high, as in many pediatric cancers, then less
integral dose should produce fewer treatment-related compli-
cations. Also, reduced integral dose will lead to less co-morbid-
ity when chemotherapy and radiation therapy are combined,
thus, to better treatment compliance and the potential for increased
treatment intensity.

Improvements in dose distributions (better dose localiza-
tion) have the potential for increased rates of local control and
disease-free survival and decreased early and late effects of
radiation treatment. Better dose distributions may also lead to
decreased co-morbidity of radiation and chemotherapy treat-
ments and, thus, better treatment compliance and/or increased
treatment intensity. This is especially important in the era of
multimodality treatments where chemotherapy plus radiation
is used for treatment in many disease sites, such as large high-
grade extremity soft-tissue sarcomas and head and neck can-
cers. Highly localized dose distributions may make it possible
to retreat patients who have failed locally and have been treated
to tolerance with previous therapy.

The tools used to achieve highly localized dose distributions
have included conformal external beam photons and electrons,
brachytherapy, intra-operative therapy, CT and MRI coupled
with 3D treatment planning, multi-leaf collimators, intensity
modulation, and heavy-charged particles, in particular protons.
In recent times, many of these techniques have been combined
to achieve extremely conformal dose distributions (e.g., high-
energy photon beams, used with modern imaging, inverse treat-
ment planning, multi-leaf collimators, and intensity modulation).
However, there are physical limits to further significant improve-
ments in dose localization using photon beams. These limits
are governed by the inherent physical nature of photon inter-
actions in tissue. Exponential depth dose curves, common to
all photon beams, result in at least three undesirable conditions
when treating deep-seated tumors. For any given photon beam,
the maximum dose will occur in normal tissue proximal to a
deep-seated target and the depth dose across the target will be
nonuniform. In addition, significant dose will be delivered to
normal tissues and organs distal to the tumor. These limitations
can be mitigated in part by use of multi-port therapy, however,
these characteristics often lead to compromises between target
dose and dose to normal critical tissues and organs.

Proton beams lead to fewer such compromises because
they have none of the limitations of photon beams previously
described. In addition, in modern proton therapy facilities with
isocentric gantries and beam-scanning capabilities, protons can
be delivered with intensity modulation techniques and, thus,

maintain their advantages over photons, even when the most
advanced techniques are used. Therefore, based on physical
principles, beam for beam and technique for technique, proton
beams will always deliver a more localized dose distribution.
The question is, will those improved dose distributions provide
substantial improvements in treatment outcomes?

Based on the physical nature of protons, the excellent clini-
cal results obtained so far and the treatment planning compari-
sons shown by several investigators, in comparison to photons,
proton therapy has the potential to improve clinical outcomes
(33). Reviews of the clinical results of proton therapy by Spiro
et al. (40) and DeLaney et al. (41) describe impressive results
from several proton therapy centers. However, with the excep-
tion of two clinical trials for prostate cancer conducted jointly
by Massachusetts General Hospital and Loma Linda Univer-
sity Medical Center, few prospective, randomized trials have
been carried out. The primary reasons for this are: there are few
proton therapy facilities, most existing facilities have had limi-
tations in capacity and energy, and few facilities have modern
delivery systems including isocentric gantries and beam scan-
ning capabilities. Therefore, even though more than 39,000
patients have been treated with protons worldwide, only a few
hundred have been treated in prospective, randomized clinical
trails.

However, this situation is rapidly changing. There are now
approx 20 facilities treating patients with proton beams with
about 10 more being built or under serious planning. Many of
the new facilities will be hospital-based with the capacity of
treating large numbers of patients. For example, the Northeast
Proton Therapy Center on the Massachusetts General Hospital
campus in Boston will have the capacity to treat more than 1000
patients per year. It will be necessary to conduct prospective,
randomized clinical trials in a large number of disease sites in
order to quantify the improvements in clinical outcomes with
protons.
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1. INTRODUCTION

Each year approx 1.37 million new cases of cancer are diag-
nosed in the United States. It is estimated that approx 563,700
of these new cases will die from their disease (1). Despite sig-
nificant advances in the overall management of cancer in the
past decades, the major cause of death in most cases remains
metastatic disease and its complications. The three most com-
mon sites for metastasis are the lungs, liver, and skeletal sys-
tem. The spine is the most common site for skeletal metastasis.
Based on autopsy studies, approx 5 to 30% of patients with can-
cer will develop spinal metastasis, with 20% of these patients
developing epidural compression (2–7).

The management of spinal metastasis has evolved over the
past several decades. Currently, radiotherapy, chemotherapy,
and a variety of surgical options constitute the primary treat-
ment options available for patients with spinal metastasis. This
chapter focuses on the indications for surgery in these patients.

2. EPIDEMIOLOGY

Metastatic tumors are the most common tumors affecting
the spine. The most common primary sites of origin for a spinal
metastasis are breast, lung, prostate, and the hematopoietic
system. In most clinical series these primary sites alone account
for 50–66% of all metastasis to the spine. However, approx 10%
of patients with symptomatic spinal metastasis present without
a known primary site (8).

Although the lumbar spine represents the most common site
for spinal metastasis, approx 70% of symptomatic lesions involve
the thoracic spine, 15% involve the lumbosacral spine, and 15%

involve the cervical spine. The majority of these tumors occur
in the extradural space with most originating within the verte-
bral body. Approximately 5% of spinal metastatic tumors are
intradural and extramedullary, whereas 3% are localized to the
intramedullary space (Fig. 1) (9).

The route of spread to the spine has been demonstrated by
Batson (10), who noted that during periods of increased intra-
abdominal/intrathoracic pressure, the abdominopelvic organs
are drained preferentially via the valveless vertebral venous
plexi. This is the primary mechanism of spread by which tumors
of the abdominal and pelvic organs embolize to the vertebrae.
Spinal metastasis may also develop as a result of local spread
of tumor, such as is the case with the local spread of rectal
carcinoma to the sacrum. The vertebrae, with their rich vascu-
lar network and cancellous bone interstices, offer a fertile
ground for implantation of tumor cells. This preferential affin-
ity for bone tissue by tumor cells has been termed
“osteotropism” (6).

3. CLINICAL PRESENTATION

Approximately 90 to 95% of patients with spinal metastasis
present with pain as their chief complaint (5,8,11–16). The pain
may have been present for a period of several weeks to a year,
with a mean duration of 8 wk. The pain may be axial, radicular,
or referred. A smaller percentage of patients may present with
neurological deficits including sensory, motor, bowel, or blad-
der dysfunction. In all patients with cancer who present with
back pain, neck pain, or symptoms of spinal cord compression,
the working diagnosis should be spinal metastasis until proven
otherwise.

The natural history of untreated spinal metastasis is gener-
ally one of relentless progression towards paralysis as well as
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loss of bowel and bladder function. Early diagnosis in these
patients is critical because the results of treatment are depen-
dent, to a large extent, on the neurological status of the patient
immediately before treatment. Advances in neuroradiological
imaging have greatly facilitated the ability to make an early and
accurate diagnosis in many of these patients.

The prognosis of these patients is directly related to three
factors: the biology of the tumor, the pretreatment neurological
status, and the treatment given (17–19). Identifying the loca-
tion and extent of the spinal metastasis and initiating treatment
before the loss of ambulatory function is the primary goal in
these patients. However, some patients may present with the
rapid onset of neurological deficit necessitating urgent surgical
decompression without the benefit of a full clinical and radio-
logical assessment. This early surgery is generally associated
with a greater morbidity and less than optimal results (20).
Every effort should be made to stabilize the patient with con-
servative measures in order to allow for the proper planning of
the any needed surgical approach.

4. CONSERVATIVE MANAGEMENT

The management of spinal metastasis continues to evolve.
Current treatment options include chemotherapy, radiation
therapy, surgery, or a combination of these options. Although
many metastatic tumor types respond very well to radiation
therapy and chemotherapy, others do not. The wide variety of
tumor types, sites of location, degrees of neurological involve-
ment, and overall extent of disease necessitate that each patient

have an individualized treatment plan. Developing this indi-
vidualized plan requires a thorough understanding of all con-
servative and available surgical options.

Chemotherapy typically involves the use of steroids to
reduce the vasogenic edema that can affect the spinal cord in
these patients. In addition to reducing tumor related edema,
steroids can also act as an oncolytic agent to diminish the mass
of some tumors (i.e., lymphomas or neuroblastomas) (21,22).
However, the use of high-dose steroids can also result in the
development of peptic ulcers, glucose intolerance, and poor
wound healing. Therefore, when steroids are used, a gastric
mucosal protecting agent is also administered and the serum
glucose is closely monitored.

Radiation therapy is often considered the primary option for
treating most cases of spinal metastasis (8,18,22–24). The rea-
sons for this include the fact that most cases occur in the setting
of widespread systemic disease with an estimated life expect-
ancy of only a few months. Approximately 50% of the patients
treated with radiation therapy can be expected to achieve pain
palliation and neurological improvement with the median dura-
tion of response lasting 3 to 6 mo. Patients with radio-sensitive
tumors and those who are ambulatory when radiation therapy
begins are more likely to remain ambulatory after treatment.

Radiation therapy techniques typically use a single poste-
rior portal with one or two vertebral margins. This can result in
unequal radiation dosage particularly for anteriorly located
tumors. Most standard fractionation techniques use a course of
3000 cGy given in 10 fractions over 2 wk. Smaller daily dose
rates may allow a higher total dose to be given.

Because a majority of patients with spinal metastasis are
initially evaluated by an oncologist or neurologist, it is not
uncommon for virtually all of these patients to be referred for
radiation therapy without surgical consultation. This can lead
to the inappropriate use of radiation therapy as the initial man-
agement option in a large number of patients. The most com-
mon setting for this is in the patient with spinal instability
secondary to vertebral body collapse or progressive spinal
kyphosis (Fig. 2). In this setting, a higher degree of local con-
trol can be achieved by using radiation therapy postoperatively
to eradicate microscopic residual tumor (25).

5. SURGICAL MANAGEMENT

The surgical management of spinal metastasis has also gone
through an extensive evolution over the last several decades.
The earlier surgical management option for this condition was
a laminectomy. The indiscriminate use of laminectomy, how-
ever, resulted in overall poor outcome and a high rate of com-
plications (26). Numerous studies subsequently demonstrated
that the combined use of laminectomy and radiation therapy
had no demonstrable advantage over laminectomy alone
(11,26,27). This subsequently led to a reduced utilization of
surgery for the management of these patients.

In 1978, Kakulas et al. (28) studied the pathological anatomy
of the spinal metastasis finding tumor destruction of the verte-
bral body in the majority of specimens examined. The vertebral
body collapse was noted to be generally asymmetrical with the
anterior border of the vertebrae compressed more than the

Fig. 1. Sagittal magnetic resonance imaging demonstrating an intramed-
ullary metastatic melanoma at the C2 level.
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posterior elements. This resulted in an angulation of the spine
that produced a maximal impact on the ventral spinal cord (28).
This led to the conclusion that, in a majority of patients with
spinal metastasis, laminectomy alone was an inappropriate
surgical option (Fig. 3).

Several studies have assessed the clinical outcome of patients
undergoing laminectomy for metastatic disease. Wright (29)
noted that laminectomy in patients with anterior column involve-
ment produced only half as many favorable results when com-
pared to laminectomy in patients with no ventral involvement.
Brice and McKissock (30) noted that none of the 26 patient with
anterior column involvement in their series had neurological
improvement following laminectomy. Findlay (31) reported
that patients with vertebral collapse generally have a reduced
prospect for preserving or regaining ambulation and an increased
risk of neurological deterioration and postoperative spinal insta-
bility. The word “laminectomy” unfortunately became synony-
mous with all forms of surgery, resulting in the widespread use
of radiation therapy in these patients regardless of their clinical
status or the nature of the compression.

These anatomic observations, as well as improvements in
surgical approach and spinal fixation options, subsequently led
to the increased use of anterior approaches for spinal metasta-
sis. In 1985, Siegal et al. (3) reported a prospective series evalu-
ating the effects of ventral spinal surgery for metastasis. A

vertebrectomy was performed for patients with lesions ven-
tral to the spinal cord and a laminectomy was performed for
patients with lesions dorsal to the spinal cord. Surgical patients
were compared with a second group treated with radiation
therapy alone. Only 30% of patients treated with radiation
therapy alone retained or regained ambulation, compared to
40% of the laminectomy patients and 80% of the vertebrectomy
patients. The operative mortality was similar for both surgical
approaches, but postoperative complications were more com-
mon in the laminectomy group, usually because of poor wound
healing following radiation therapy (3).

Several surgical strategies are currently available for the
management of spinal metastasis. An in-depth discussion of
these strategies is beyond the scope of this chapter. In general,
surgical options vary according to the type of tumor, the overall
prognosis of the patient, the clinical status of the patient, the
location of the tumor, the sensitivity to radiation therapy, and
the presence or absence of spinal instability. Surgical approach
options include percutaneous biopsy, laminectomy,
corpectomy with reconstruction, a posterolateral approach, or
a combination of these options (Fig. 4). Each of these surgical
approach options is frequently combined with a variety of spi-
nal instrumentation options.

In a select group of patients, an en-bloc resection may be
feasible, however, most tumors are removed through a less
aggressive intralesional approach. The proximity of these tumors
to neural and vascular structures limits the ability to obtain suffi-
cient tumor margins during resection (Fig. 5). Furthermore, the

Fig. 2. Sagittal magnetic resonance imaging demonstrating metastatic
involvement of C2 vertebrae with collapse and anterior angulation.

Fig. 3. Sagittal magnetic resonance imaging demonstrating signifi-
cant collapse and kyphosis at C7–T2 owing to extensive metastatic
disease. A posterior decompressive procedure is contraindicated in
this patient.
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general condition and overall prognosis of these patients fre-
quently makes the en-bloc approach unrealistic and prone to a
significant surgical morbidity.

In most patients with pathologies other than metastasis,
neural compression and spinal instability would lead to an
aggressive surgical intervention with early decompression and
stabilization. However, the shortened life span of patients with
metastasis coupled with “quality-of-life” issues necessitates
the use of a different set of criteria be used to assess the need for
surgery. Although decompression and stabilization may pre-
serve or restore neurological function and ease the pain of seg-
mental instability, they do not prolong life from an oncological
standpoint and may actually cause undue morbidity and mor-
tality. These facts lead to a specialized set of indications for
surgery in the patient with spinal metastasis.

6. SURGICAL INDICATIONS

As surgical options for the management of spinal metastasis
have evolved so have the indications for surgery in these pa-
tients. It is important to have a clear rationale for surgery and
to base the selected procedure on the expected goals of therapy
as well as the location of the tumor and the overall prognosis of
the patient. In general, indications for surgery include (1) estab-
lishing a tissue diagnosis when a needle biopsy is unsuccessful

or contraindicated, (2) failure of radiation therapy (radio-resis-
tant tumors) or progression of neurological deterioration dur-
ing or following radiation therapy, (3) spinal instability owing
to vertebral collapse or progressive spinal deformity, and (4)
epidural compression secondary to bone fragments from a ver-
tebral fracture. Although these indications are relatively easy
to identify, they need to be adjusted according to a variety of
clinical, radiographic, and anatomic factors that may be affect-
ing the individual patient with the spinal metastatic lesion.

Tokuhashi et al. (32) proposed a scoring system using six
parameters: (1) general condition of the patient, (2) number of
extraspinal bone metastasis, (3) number of vertebral metasta-
sis, (4) metastasis to internal organs, (5) the primary tumor site,
and (6) the severity of the neurological deficits. Each parameter
is given a score of 0 to 2 points with a maximum of 12. Aggres-
sive surgery was recommended for patients having a score of 9
or more and palliative surgery reserved for patients with scores
of 5 or less (32). Although this approach may simplify the
decision making in these patients, the real difficulty lies with
those patients who have and indeterminate prognosis.

When a radiographic and clinical evaluation of the patient
fails to identify the type of tumor affecting the patient, a needle
or trocar biopsy can be attempted typically with the use of
computed tomography guidance. For many patients with spinal

Fig. 4. (A) Sagittal magnetic resonance imaging demonstrating metastatic tumor at L2–L3 with significant loss of anterior column support.
(B) Lateral radiograph following L2–L3 corpectomy with anterior and posterior fixation.
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metastasis, this may be the only procedure required. Not infre-
quently, however, the ventral or epidural location of a meta-
static lesion may preclude this percutaneous procedure or the
biopsy obtained may be of insufficient quality and amount to
establish a diagnosis necessitating an open surgical biopsy
(Fig. 6). This open biopsy approach is frequently combined
with a more definitive decompressive procedure with or with-
out stabilization.

Surgery is also indicated in patients with radio-resistant
tumors and in patients whose neurological deficits continue to
progress during or following radiation treatments. A frequent
scenario is that of a patient undergoing radiation treatments in
the setting of spinal instability. Because it can frequently be
difficult for even a spinal surgeon to identify and quantify spi-
nal instability, it is not unusual for a neurologist or oncologist
to begin radiotherapy in this setting.

Unfortunately, in the metastatic spine, there is little consen-
sus on what constitutes instability except in the obvious cases
of fracture-dislocation, vertebral translation, or significant
kyphosis.

Kostuik and Weinstein (34) attempted to base stability in the
setting of spinal metastasis using the three-column model origi-
nally proposed by Denis (33) for thoracolumbar trauma. For
spinal metastasis, each of the three components of the spinal
column (anterior, middle, and posterior) are divided into two
halves creating a total of six zones. They proposed that spinal
instability in the setting of tumor existed if three or more of
these zones in the axial plane were destroyed by tumor (34)
(Fig. 7).

Fig. 5. Axial computed tomography image demonstrating extensive
metastatic involvement of lumbar vertebrae with extension into the
epidural space. Epidural tumor extension limits the option for en-bloc
tumor resection.

Fig. 6. Axial computed tomography/myelography image demonstrat-
ing a metastatic tumor at the T2 level. The tumor is only in the epidural
space. An open biopsy, as opposed to a needle biopsy, is indicated.

Fig. 7. Axial computed tomography image with schematic overlay
demonstrating a method for determining spinal instability in a patient
with spinal metastasis. The axial plane of the involve vertebrae is
divided into six zones. Lytic destruction of three or more of these
zones indicates spinal instability.

Siegal et al. (19) proposed a number of criteria that contrib-
uted to spinal instability in the setting of metastasis. These
criteria included: (1) anterior and middle-column involvement
or more than 50% collapse of vertebral body height, (2) middle-
and posterior-column involvement or shearing deformity,
(3) three-column involvement, (4) involvement of same
column in two or more adjacent vertebrae, and (5) iatrogenic,
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which includes laminectomy in the setting of anterior and/or
middle column disease or resection of more than 50% of ver-
tebral body (19).

Harms (35) suggested that the spine be considered as a
mobile two-column structure with an anterior articulation
through the intervertebral disc and a posterior articulation
through the facet joints. The spinal column is viewed as a load-
sharing system with 80 to 90% of the axial load passing through
the anterior column and the remaining load through the poste-
rior column. Although most tumors affect the anterior and
middle columns, ventral reconstruction alone may not be suf-
ficient to restore torsional stability or tensile strength if the
dorsal elements are also involved (Fig. 8). This requires a com-
bined anterior and posterior reconstruction (35).

Surgery is also indicated when epidural compression in a
patient with a significant or progressive neurological deficit
related primarily to bone compression. This is the case with a
tumor-related vertebral body fracture or deformity. Although
epidural compression secondary to tumor mass frequently
responds to radiation therapy, bone compression does not
(14) (Fig. 9).

7. CONCLUSION

The management of a patient with spinal metastasis is fre-
quently a challenging task. Although conservative manage-
ment is appropriate for a majority of these patients, surgical
options continue to evolve playing a greater role in treating this
problem. The indications for surgery in this patient population
are varied and at times complex. The specific indications pre-
viously outlined need to be tailored to the individual patient.
The risks and benefits of a surgical approach should be bal-
anced with the patient’s overall condition and prognosis, and
the goals and expectations for surgery should be realistic.
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1. GOALS OF BIOPSY

The primary goal of biopsy is to obtain adequate tissue for
histopathological diagnosis with minimal amount of trauma
(1). In patients with a known primary tumor, biopsy is often
used to confirm metastatic disease or to obtain tissue for hor-
monal evaluation (2)Without a history of malignancy, the appro-
priately performed biopsy plays a crucial role in the diagnosis
and subsequent management process. Conversely, a poorly
planned biopsy can result in misdiagnosis, complications, and
adversely limit potential treatment options.

2. STAGING

Biopsy is the last step in the diagnostic process known as
staging, which is the practice of classifying a tumor with respect
to its anatomical extent and histological differentiation (3).
Proper staging optimizes the surgeon’s ability to plan an opera-
tion most appropriate for the specific tumor type. In the staging
process, the patient who presents with a lesion suspicious for
tumor undergoes a thorough clinical exam followed by appro-
priate laboratory and radiographic studies before biopsy. Labo-
ratory testing typically consists of a complete blood count,
electrolytes, serum creatinine, blood urea nitrogen, calcium,
alkaline phosphatase, total protein and serum protein electro-
phoresis, serum transferrin, and assays for tumor antigens, such
as the prostatic specific antigen and carcinoembryonic antigen

(2). Radiographic studies include plain roentgenograms of the
spine in addition to computed tomography (CT) and/or mag-
netic resonance imaging, which more clearly delineates the
anatomical location and structure of the suspected tumor.
Another study to consider is the technetium bone scan, which
is very sensitive to the presence of metastases to the spine (4,5).
Proper prebiopsy staging narrows the differential diagnosis,
helps define the extent of the tumor, and provides confidence
in the frozen section analysis so that definitive surgery can be
accomplished, in specific situations, at the time of an open
biopsy (6). Conversely, early biopsy before a complete radio-
graphic evaluation can alter the anatomical characteristics of
the tumor and thereby limit the ability to narrow the differential
diagnosis and determine the anatomical extent of the tumor.

3. BIOPSY PLANNING

After thorough prebiopsy staging, there are several factors
to consider when planning the biopsy. Particularly for primary
malignant bone tumors, the institution where the patient under-
goes the biopsy is an important consideration. Studies have
shown that misdiagnoses, complications, and adverse outcomes
were more common if the biopsy was performed at a referring
institution rather than the treating institution (1,7). Although
uncertain as to the cause for this discrepancy, relatively less
experience in dealing with primary bone tumors as well as lack
of ability to perform accurate diagnostic studies, definitive
surgery, and adjunctive treatment, were hypothesized factors.
Another important step before biopsy involves consultation
with the pathologist who will be analyzing the specimens (8,9).
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The pathologist should be experienced with metastatic and
primary bone neoplasms. In addition, findings of the prebiopsy
staging with the resultant differential diagnosis should be con-
veyed to the pathologist so that in potentially difficult diagnos-
tic cases, adequate preparations (i.e., specialized techniques
such as immunofluorescence) can be made (3,6,10). Planning
the biopsy is often given little thought, however, proper place-
ment of the biopsy is crucial. An appropriately planned biopsy
site must be capable of being removed en bloc with a malignant
neoplasm (6). If the biopsy is referred to a radiologist, the
planned site and trajectory should be confirmed so that an
improper tract is not made (10).

4. BIOPSY TECHNIQUE

After selecting an appropriate biopsy site, the options for
biopsy technique can be divided into two main categories: open
and closed. Historically, open biopsy was the most common
method and has the main advantages of providing relatively
large tissue samples for analysis and a lower possibility for a
sampling error (6,11). Disadvantages to open biopsy include
the risk for operative hematoma, tumor spillage, infection,
pathological fracture, and requirement for a general anesthetic.
Open techniques consist of the incisional and excisional biopsy.
Most open biopsies are incisional primarily because they result
in less local tumor spillage than excisional biopsies (6).
Excisional biopsies are considered only for small or benign
tumors, cases in which the diagnosis is fairly certain or when
the tumor is located in an expendable anatomic site. Guidelines
for open biopsy of musculoskeletal tumors are applicable to
spine tumors and include the following (3,6,12,13): (1) a biopsy
tract that is amenable to removal en bloc during the subsequent
definitive surgery is used. (2) The most direct route to the tumor
is chosen in order to avoid crossing multiple tissue planes. There
is minimal disruption of adjacent compartments or neurovas-
cular structures. If inadvertent violation of adjacent compart-
ments occurs, contaminated structures are removed with the
tumor. (3) An adequate sample is taken from the periphery of
the tumor because this area is often the most viable and repre-
sentative. Frozen section analysis is performed to ascertain that
representative tissue is obtained. Samples for culture are also
sent. (4) A bloodless operative field is optimal to avoid postop-
erative hematoma and consequent tumor spillage. Methyl-
methacrylate can be used to obtain hemostasis at bony biopsy
sites. (5) If a drain is used, its point of entry into the skin is made
along the path of the planned incision so that the presumably
contaminated drain tract can be excised with the malignant
tumor during the subsequent surgery.

Fine needles for aspiration and bone trephines are the pre-
dominant instruments utilized in closed biopsy (9,14–17).
Typically, lytic lesions are amenable to fine-needle aspiration
techniques, whereas sclerotic lesions will require use of a bone
trephine. A variety of bone trephines are available including
the Craig, Ackerman, and Jamshidi needles (18–20). These
trephines are designed to obtain a core of tissue from bone
without distorting its architecture so that optimal histopatho-
logical analysis can be performed. Advantages of closed over
open biopsy include the potential to avoid surgery, earlier

institution of radiotherapy, ability to obtain tissue from deeper
areas in the lesion, decreased risk of pathological fracture, use
of local rather than general anesthesia, cost savings, and rapid
differentiation of primary from metastatic lesions (11,17,18,
21,22). The main drawbacks of closed biopsy are decreased
diagnostic accuracy and a greater potential for a sampling error.
The technical aspects of closed biopsy vary and are based on the
location of the tumor. Proper prebiopsy radiographic evalua-
tion will assist in determining the optimal method. A lateral or
anterolateral approach is amenable for a lesion in the cervical
spine except at C2 or C3 where a transpedicular approach is
safer (22–24). In the thoracolumbar spine, the posterolateral or
transpedicular approach is employed (9,11,18,22,25). The pos-
terolateral approach has been the most commonly used tech-
nique particularly with extraosseous lesions extending into the
paraspinal region. For lesions confined within the vertebral
body, the transpedicular approach appears to be a safer alterna-
tive with decreased risks for pulmonary or nerve root injury
(11,26).

5. RELATIVE INDICATIONS

In general, closed biopsy should be considered the tech-
nique of choice because of its relatively high diagnostic accu-
racy, decreased morbidity, and cost. An open biopsy is typically
reserved for cases in which closed biopsy has failed or when a
primary bone tumor is suspected based on prebiopsy staging
(11,27). In addition, open biopsy may be considered in tumors
that appear to be highly vascular, such as renal cell (26). Ana-
tomic limitations can also influence biopsy choice. Owing to
the smaller vertebra and closer proximity of the lung and pleura,
closed biopsy of the upper thoracic spine involves increased
risk and as a consequence open biopsy should be considered
(28,29). Patients with significant spinal deformity may also
benefit from open biopsy (27).

6. DIAGNOSTIC ACCURACY

Open biopsy is considered to have the highest diagnostic
accuracy because relatively large amounts of tissue can be
obtained (11,27). Since the advent of closed biopsy, reported
diagnostic accuracy has ranged widely from 21 to 100% (8,9,
14–17,22,24,30–33). In recent years, however, overall diag-
nostic rates have been much higher. Presently, fluoroscopic
guidance appears to be nearly as effective as CT guidance with
reports of 77.5 to 89% diagnostic accuracy (4,16,32). In com-
parison, reported CT-guided diagnostic rates range from 71 to
100% (17,22,31,33). CT guidance is of particular use when the
lesion is small, deep-seated, or visible by bone scan, but not by
plain X-ray (22,31). The primary advantage of fluoroscopic
guidance, in contrast, is the ability to assess needle positioning
in real-time (27,29). In addition to image guidance, the type of
lesion may influence diagnostic accuracy. In one study of 75
patients, diagnostic accuracy appeared to be higher (96%) for
metastatic disease than in primary bone tumors (82%) (8).
Larger bore needles (internal diameter �2 mm) are also asso-
ciated with higher diagnostic accuracy when obtaining core
tissue samples owing to the decreased likelihood of crush arti-
fact (15,33). Another potential factor impacting diagnostic
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accuracy is the region of the spine biopsied. Specifically, closed
biopsy of thoracic lesions has been associated with lower rates
of diagnosis (31). This decreased accuracy was attributed to
difficulties with access to thoracic spine lesions even with CT-
guidance. Finally, the assistance of an experienced pathologist
cannot be over emphasized in obtaining an accurate diagnosis
(8,21).

7. CONTRAINDICATIONS
Any type of bleeding disorder is typically considered an

absolute contraindication to open or closed biopsy. More rela-
tive contraindications to closed biopsy include tumors that
appear to be highly vascular as well as densely sclerotic lesions
because of the potential of slippage of the needle (4,30).

8. TECHNIQUES
Needle biopsy is typically performed from a posterolateral

approach, aiming for the pedicle, vertebral body, or a recog-
nized paraspinous mass. Access to the vertebral body is gained
through a transpedicular approach to minimize the risk of
spreading tumor into the paraspinous soft tissues along the
needle tract. If a primary spine malignancy is strongly sus-
pected, the needle path must be closer to the midline so that it
can be excised during the definitive excision.

The needle placement most often used starts with a stab
wound 4 to 8 cm off the midline at the level of the involved
vertebra (Fig. 1). To access a vertebral body lesion, the needle
is directed to the junction of the transverse process and the
lateral facet margin, then driven through the cortex into the

lateral aspect of the pedicle. From this point the needle can be
passed directly into the tumor mass, or a guidewire placed and
a sheath placed to allow passage of a Craig Needle biopsy tro-
char, capable of harvesting larger pieces of ossified tissue.

Open, incisional techniques vary with the location of the
tumor and the complexity of the definitive incision. If incisional
biopsy is planned as a confirmatory step just before excision,
the definitive incision can be initiated and developed up to the
point that the tumor capsule is clearly defined and vascular
control established (Fig. 2). An elliptical incision through the
capsule will provide a section of tumor tissue including the
capsule and the leading margin of the tumor. The capsule can
then be closed while frozen section confirms the diagnosis. If
the primary lesion is confirmed, a wide excision can be com-
pleted. If a benign or metastatic lesion is identified, a less
destructive, marginal or intralesional excision may be adequate.

If an incisional biopsy is performed well in advance of the
final resection, the approach must minimize soft-tissue con-
tamination and not expose tissues that cannot later be excised.
If a paraspinous incision is used, it will have to be incorporated

Fig. 1. Percutaneous biopsy approaches. For intravertebral lesions
(A), a transpedicular approach offers the best chance of obtaining
diagnostic tissue without contaminating the field. The approach may
be performed through a minimal open incision, or through a percuta-
neous stab wound technique. If the lesion provides a paraspinous soft-
tissue mass (B), this may be biopsied directly under fluoroscopic or
computed tomography guidance.

Fig. 2. Open incisional biopsy. (A) Technique is important to obtain-
ing adequate tissue without risking tumor spread. The outer capsule
is exposed and bleeding controlled before taking the biopsy. (B) Once
an adequate biopsy is taken, using a sharp scalpel to limit crush or
cautery artifacts, the capsule is closed tightly to prevent hematoma
formation.
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into a curvilinear (Sedon-type) incision, so that the entire tract
is removed with the final specimen (Fig. 3).

9. COMPLICATIONS
The major complications of open biopsy can be generalized

to those expected for spine surgery including the risks of anes-
thesia, infection, bleeding, and injury to the spinal cord or nerve
roots. Complications associated with closed biopsy vary depend-
ing on the region biopsied. In the cervical spine, the potential
risks include airway compromise and vascular injury (8,24). In
the thoracolumbar spine, the most common risks are pulmo-
nary injury (pneumothorax), nerve root injury, bleeding, and
infection (4,9,11,16,17,27,29,32,33). Less commonly observed
are injuries involving the spinal cord and great vessels (34).
Overall, reported complication rates from closed biopsy range
from 0 to 20% with the majority noting no significant compli-
cations (4,14,17,21,22,25–27,29,30,34). Factors impacting
complication rates for closed biopsy include the approach
utilized and the size of the needle used for biopsy. Gener-
ally, smaller needles are associated with decreased risk
(4,11). For thoracolumbar lesions, a transpedicular approach
appears to minimize the risk for pulmonary and nerve root
injury (11,26,32).

10. CONCLUSION
The biopsy is typically a crucial part of the diagnostic evalu-

ation for the patient presenting with a possible spine tumor.
Biopsy, however, should be the last step in the diagnostic pro-
cess known as staging. Proper prebiopsy staging followed by
appropriate biopsy planning and technique will optimize the
subsequent management process.
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1. INTRODUCTION
1.1. PROBLEM-BASED DECISION MAKING

VS EVIDENCE-BASED DECISION MAKING
The surgical decision-making process is an art form. No

single strategy always works, and even the most inadequate of
strategies will work occasionally. The decision-making pro-
cess involves the assimilation of prior experience of others
(e.g., by a learned assessment of the literature), and an in-depth
knowledge and awareness of the application of biomechanical
and anatomical factors and principles (1).

Although problem-based decision making is based on the
foundations of evidence and logic, it should not be confused
with evidence-based decision making. Sackett (2) defines evi-
dence-based medicine as “the conscientious, explicit, and judi-
cious use of the current best evidence in making decisions about
the care of individual patients.” There are inherent flaws if only
an evidence-based strategy is considered for the decision-mak-
ing process. First, statistical manipulation can be used to por-
tray clinical variables, problems, and solutions in a deceptive
manner. Second, data is often insufficient to make relevant
decisions that are based on objective and statistically signifi-
cant data alone. Third, evidence-based methodology is based
on “large population” assessments that do not effectively con-
sider all subpopulations. Essentially, the literature suffers from
selection bias, i.e., data is often selectively presented. For
example, if a study generated “undesirable” results (to the
author[s]), the author would not submit the data for publication
in the literature. On the other hand, desirable results would be
submitted for publication. Errors of logic (see Subheading
3.1.2.) may then be made from a strict adherence to evidence-
based decision making. Many of the problems associated with

an evidence-based methodology approach to decision making
may be overcome by utilizing a “common sense” approach to
the careful assessment of the “evidence.” Problem-based deci-
sion making utilizes this “common sense” approach. It is, there-
fore, logic-based. However, the evidence must not be ignored.
Both are necessary components of the clinical decision-making
process. One provides the foundation of knowledge (evidence-
based), and the other provides the rational thought required to
fill the “gaps” in our knowledge (problem-based). Sackett (2)
also acknowledges this. He states, “Good doctors use both
individual clinical expertise and the best available external
evidence, and neither alone is enough. Without clinical exper-
tise, practice risks become tyrannized by evidence, because
even excellent external evidence may be inapplicable to or
inappropriate for an individual patient. Without current best
evidence, practice risks rapidly become out of date, to the det-
riment of patients” (2).

1.2. REGIONAL VARIATIONS
There exists a significant discrepancy in the rates of spinal

surgery, region to region. This may be, in part, a manifestation
of clinical decision-making errors or differences in style. A
proportion of these errors may be avoided when the patient is
involved in the decision-making process.

The rates of spine surgery vary sixfold across geographic
regions, and the rates of spinal fusion vary 10-fold (3). The
region-specific rates of spinal fusion are haphazard (i.e., there
may be a region with very high rates of spinal fusion immedi-
ately adjacent to one with a very low rate). This pattern suggests
that the variability stems from physicians’ practice and deci-
sion-making styles rather than the characteristics of the popu-
lation (3), thus, underscoring the need to standardize the
decision-making process.

Shared decision making is the process of giving patients
informed choices about their treatment based on current best
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evidence, as opposed to informed consent (3) It utilizes both
problem-based and evidence-based data to educate patients.
Deyo et al. (4) reported significantly decreased rates of lumbar
spine disk surgery when patients were assigned to watch a video
regarding the choice between surgical and nonsurgical thera-
pies. Conversely, when patients watched a video regarding
surgery for spinal stenosis, they were somewhat more likely to
choose surgery (4) Shared decision making may be the first step
in the standardization process. The next steps involve error
reduction strategies.

2. ERRORS IN THE DECISION-MAKING PROCESS

Before we are able to describe the process, a discussion of
error is appropriate. Most capable clinicians, when faced with
a complex decision involving multiple variables, can make
“strategic” errors during the decision-making process. These
errors are of two types: (1) errors of consideration and (2) errors
of prioritization (Table 1). Both errors of consideration and of
prioritization are commonly and innocently made. Most have
no ill effect. Nevertheless, when these errors are made, the
variables that compose the clinical problem or clinical dilemma
at hand (except in situations involving errors of obscurity) were,
simply stated, inappropriately or inaccurately processed.

2.1. ERRORS OF CONSIDERATION
When multiple familiar variables (i.e., variables that are

evident to the clinician) affect the decision-making process,
one or more of these variables may be omitted by not being
considered (errors of omission) or they may be inappropriately
considered (errors of logic). In a study of 69 cervical spine
injury patients, 56% suffered a pitfall of management, 17 pit-
falls were owing to an error in surgical decision making (5).
During the treatment process, some variables are unknown to
the physician. An example of this is a patient with occult pan-
creatic cancer who is being considered for an elective spine
deformity correction operation. These variables are “obscure,”
and the resultant error is one of obscurity. These types of errors
are usually not the “fault” of the clinician, therefore they are
unequivocally not below the standard of care.

2.2. ERRORS OF PRIORITIZATION
As previously stated, most complex problems are comprised

of several components. To solve these problems, the overall
problem should be divided into components and assigned a
priority. A surgeon may consider all variables appropriately,
but if they are not considered in an orderly manner, a subopti-
mal result may ensue. Almost always, one component of the
overall problem takes precedence over another. This is the pri-
mary component, and it is the most important component of the
operation or treatment strategy. It, in turn, dictates the need for

and the type of procedure that comprises the secondary compo-
nent, and so on. Usually, spinal decompression is the primary
component of a complex operation. The decompression com-
ponent of the overall operation may destabilize the spine, thus,
altering the choice of the secondary component of the proce-
dure, the stabilization component. Therefore, the prioritization
of the components of the treatment strategy and the solution
order is vital. Such a prioritization process helps ensure that
neural decompression, as well as the acquisition of spinal sta-
bility, is safely achieved. It also solidifies in the surgeon’s mind
the relative importance of each component of the operation and
promotes rational decision making.

3. EXAMPLES OF DECISION-MAKING ERRORS

It is instructional to consider examples of each of the afore-
mentioned decision-making errors, the three types of errors of
consideration and errors of prioritization (Table 1).

3.1. ERRORS OF CONSIDERATION
3.1.1. Errors of Omission
Errors of omission usually occur because the clinician did

not appropriately consider a “familiar variable” during the
decision-making process. The most prevalent reason for this is
the near-infinite amount of information available to the clini-
cian during this process. For example, nonunion (pseudo-
arthrosis) may result if one does not consider critical, relevant
variables (e.g., diabetes, osteoporosis, tobacco abuse).

3.1.2. Errors of Logic
Errors of logic occur because the clinician fails to strictly

apply the principles of logic to the clinical problem at hand.
However, one person’s logic is not necessarily that of the next.
A clinical algorithm may be chosen on the basis of bias, clinical
experience, and others. The logic used is also based on these
variables and understandings. A given process (algorithm),
however, may be logical to some, but illogical to others. It is,
therefore, emphasized that logic is relative.

3.1.3. Errors of Obscurity
To not consider a variable that is unbeknownst to the clini-

cian is not only understandable, it is usually acceptable. It is
impossible to consider an unfamiliar variable. Therefore, no
further discussion on this topic is necessary, except for the need
for appropriate emphasis placed on knowledge base acquisi-
tion. The greater the knowledge base, the less likely the occur-
rence of an error of obscurity. In other words, knowledge base
acquisition minimizes the incidence of unfamiliar variables.

3.2. ERRORS OF PRIORITIZATION
To consider all variables, but to apply them in an order that

is considered illogical or inappropriate, is not uncommon. A
clinician may determine all the relevant clinical variables
affecting a pathological process, however, if these variables
are not considered in an orderly manner, a suboptimal result
may ensue. For example, to consider spinal deformity correc-
tion before considering neural decompression may result in an
increased neurological deficit.

4. THE PROCESS

The problem-based decision-making process is a strategy
that involves (1) the separation of complex problems or dilem-

Table 1
Decision-Making Errors

A. Errors of consideration
1. Errors of omission
2. Errors of logic
3. Errors of obscurity

B. Error of prioritization
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mas into their component parts, (2) the prioritization of the
component parts, and (3) the orderly solution of each portion of
the overall problem posed by each of the component parts in
order to methodically solve the overall problem. Problem-based
decision making can make a seemingly “impossible” problem
“solvable.”

A patient with a ventral T8 through T10 pathological pro-
cess may serve as an example (Fig. 1). The patient is a 40-yr-
old male. He is a smoker with no other co-morbidities. The
differential diagnosis includes metastasis, primary spinal tumor,
and infection. A metastatic work-up (chest computed tomogra-
phy [CT], abdominal CT, and so on) is negative and there are
no other signs of infection (fever, elevated white blood cell
count or sedimentation rate).

Establishing the diagnosis is the first goal. This clinical
decision-making goal is not always achieved. In fact, it may not
be necessary to establish a diagnosis at all costs. Clinical con-
fidence regarding the diagnosis must be considered. In a patient
with known metastatic cancer, the clinician may confidently
assume that the lesion is a metastatic tumor. On the other hand,
a patient with a similar lesion without the diagnosis of a pri-
mary malignant tumor may not engender the same degree of
confidence regarding the etiology of the lesion. Therefore,
“confidence” is relative. In our patient example, one cannot
confidently determine the etiology of the lesion. Therefore, an
aggressive search for the diagnosis is warranted. This may be
accomplished via CT-guided needle biopsy or an open procedure.

A CT-guided needle biopsy of the lesion revealed chordoma.
A treatment strategy can then be formulated. One must first
consider if the problem is best addressed surgically, or by a
non-operative strategy. Consideration should also be given to
the potential for cure. Is this pathological process one that may
be cured with surgery or some other non-surgical strategy?

In this clinical example, a surgical strategy is chosen. It is felt
that cure is likely if a complete resection (en bloc) is obtained. In

order to achieve a complete resection, a complete spondylectomy
of T8 through T10 is planned. It is felt that the patient is a “good”
candidate for such an aggressive approach. Such an approach
provides the best chance for a cure. This plan is discussed with
the patient and family. The patient’s fears, desires, and expec-
tations should also be included in this discussion, and in the
ultimate decision.

Ultimately, the surgical strategy should be broken down into
its component parts, the component parts prioritized, and each
solved sequentially (Table 2). Neural decompression assumes
first priority. This is so in this, and in most cases, because the
priorities of neurologic function are usually the highest priority
of any spine operation (1). The need for neural decompression
also dictates the surgical approach to the pathology. As a gen-
eral rule of thumb, ventral lesions should be approached ven-
trally, and dorsal lesions should be approached dorsally (1).
The majority of spinal metastasis involve the vertebral body
(6), therefore, optimal decompression is often from a ventral
approach. This is not feasible in all patients. For example, a
patient’s poor medical condition may preclude a transthoracic
approach to a thoracic spine lesion. A dorsal or dorsolateral
approach or a transpedicular or lateral extracavitary approach,
may be employed instead. In our example, a spondylectomy of
T8 through T10 is planned. This encompasses a 360º bony
removal. It is felt best to approach this via a bilateral lateral
extracavitary approach. This will allow en bloc tumor resection
(360º) and neural element decompression (Fig. 2).

After the type of decompression has been determined, con-
sideration should next be given to the axial load-bearing capa-
bility of the spine (Table 2). A thoracolumbar fracture may
serve as an instructive example here. McCormack et al. (7)
demonstrated that with a thoracolumbar burst fracture, if there
were multiple fracture fragments with significant space be-
tween them (dispersion of fragments), it is unlikely that this
vertebral body will ever effectively bear an axial load (Fig. 3).
In this situation, the ventral column should be reconstructed,
i.e., with a strut graft, or a cage.

The aforementioned data from the trauma literature may be
extrapolated to tumor surgery. If a tumor has destroyed a ver-
tebral body, the vertebral body may not be able to effectively
bear an axial load. Reconstruction of the ventral column is
biomechanically and clinically appropriate in this situation.
The axial-load bearing capability may be iatrogenically reduced
as well. After vertebrectomy, the ventral column will usually
be rendered incompetent, and reconstruction made necessary.
This may be accomplished through strut graft placement, a
cage, or a chest tube filled with polymethylmethalcrylate. If a
vertebrectomy is not performed, one must decide if the tumor
laden vertebral body is stable enough to bear an axial load. One

Fig. 1. Sagital magnetic resonance imaging of the thoracic spine. A
ventral T8–T10 process is observed.

Table 2
Hypothetic Prioritized Component Problem List

1. Neural decompression
2. Axial load-bearing capability
3. Prevention and/or correction of spinal deformity
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Fig. 2. Spondylectomy of T8–T10 has been completed. There is com-
plete (360º) decompression of the spinal cord.

Fig. 3. (opposite page) Schematic of a burst fracture demonstrating:
(A) few fracture fragments with no dispersion of the fragments, (B)
more fragments compared to A with some dispersion of the frag-
ments, and (C) many fracture fragments with significant space be-
tween the fragments (wide dispersion of fragments). The fractures
depicted in A and B may be effective at bearing an axial load and may
be treated with external bracing. It is unlikely that the vertebral body
in C will be effective at bearing an axial load, either at this time or in
the future. In this situation, the ventral column should be recon-
structed.

may consider dorsal implant placement in this situation. If such
is chosen, a long moment arm construct should be employed. If
short segment dorsal instrumentation is used without ventral
column reconstruction, instrumentation failure and a resultant
spinal instability may occur. If this component of the overall
procedure is ignored and the ventral column not supported,
progressive spinal deformity leading to neurological deficit
may occur.

After a three-level spondylectomy, the ventral column must
be reconstructed. In this case, a titanium cage filled with iliac
crest autograft was placed in the vertebrectomy defect. This
restored the weight-bearing capacity of the ventral column and
will aid in the prevention of postoperative kyphosis. Bone graft
was chosen over bone cement because of the good chance of
long survival.

Next, consideration is given to deformity correction and
progression (Table 2). Every effort should be used to re-align
the spine to prevent further deformity progression. The risk for
deformity progression may be from the original spinal pathol-
ogy or because of the iatrogenic instability from tumor resec-
tion and decompression. Deformity is usually corrected and
progression is prevented with the placement of spinal instru-
mentation. Implants may be placed ventrally, dorsally, or via a
combined ventral and dorsal approach. One must consider the
amount of instability present and the forces required to correct
and prevent further deformity progression. In certain circum-
stances “more is better” and consideration should be given to
a 360º (combined ventral and dorsal) operation.
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In cases such as complete spondylectomy, a “more is better”
strategy is best employed. In the case presented here, a cage
filled with autograft was placed ventrally. A ventral screw and
rod construct was also fashioned bilaterally. Considering the
extent of iatrogenic instability present in this case, a long
moment arm dorsal construct was also placed. An “out-rig-
ger” was fashioned to bilaterally connect the ventral to the
dorsal components of the implant (Fig. 4).

5. CONCLUSIONS

Complex problems may be effectively, efficiently, and
safely solved if the problem-based decision-making process is
employed. The patient should be included in this shared deci-
sion-making process. An orderly solution of each of the com-
ponents of the overall problem is optimal. Consideration should
be given to the possible errors that may occur. Using the afore-
mentioned approach, and combining it with evidence gained
from the literature, forms the basis of problem-based method-
ology. Utilizing this strategy, the seemingly “impossible” prob-
lem truly becomes “solvable.”
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1. INTRODUCTION

Tumors of the vertebral column include both primary and
metastatic lesions. These tumors can cause significant morbid-
ity consisting of lesional pain and pain from deformity. Com-
pression of the spinal cord and spinal nerve roots can also cause
radicular pain as well as neurologial deterioration including
sensory deficits, weakness, paralysis, and/or sexual/bowel/
bladder dysfunction. In cases of metastatic lesions, the spine is
the most common region of osseous involvement (1). Meta-
static vertebral spine lesions can result in pathological fractures
or have significant epidural tumor involvement, both of which
can lead to neurological deterioration (2). Mortality and mor-
bidity can be significant in malignant tumors and overall treat-
ment is best addressed by a multidisciplinary approach.

Classically, surgery for most malignant spinal tumors con-
sisted of simple posterior element decompression with tumor
debulking or excision, if possible, with or without radiation
therapy. Alternatively radiation therapy alone has been employed
without surgical intervention as the results of decompression
and adjuvant radiation and that of radiation alone were histori-
cally comparable (3,4). Urgent laminectomy has been per-
formed for decompression in those patients with tumor causing
acute spinal cord compression, however, the window of effi-
cacy is generally considered to be within 24 to 36 h of neuro-
logical decline (5). Decompressive laminectomy, however,
does not address deformity correction or prevention and rarely
attends to disease of the anterior vertebral column in an ad-
equate fashion. This is important because the majority of meta-

static lesions involve the richly vascular vertebral body and are
rarely found exclusively in the posterior bony elements (6).

More recently, in patients with isolated primary and meta-
static disease of the vertebral column, a more aggressive
approach to surgical management has been employed (7,8).
Patients with isolated disease usually have a more favorable
prognosis and better long-term survival than those patients with
diffuse spinal involvement (8). This has lead to operations for
decompression and spinal column reconstruction being per-
formed early, before radiation therapy. This adjuvant approach
is rational as spinal radiation before surgical spine manage-
ment appears to be associated with increased wound complica-
tions (9). Surgical management of these isolated lesions often
involve both anterior and posterior approaches to address gross
total tumor removal, neural element decompression, and resto-
ration of spinal stability (10–14). Circumferential decompres-
sive operations may lead to longer periods of ambulation ability,
decreased pain, as well as prolonged bowel and bladder control
when compared with radiation therapy alone (10,15).

Primary tumors of the vertebral column include a variety of
malignant and benign conditions. Tumors including multiple
myeloma and neoplastic-like lesions such as aneurysmal bone
cysts and hemangiomas can present either as mass lesions or
pathological fractures requiring decompressive operations in
conjunction with spinal reconstruction and fusion (7,16). Other
primary malignant vertebral tumors, such as osteoblastoma,
can have significant epidural extension necessitating decom-
pression of the epidural space in addition to vertebral lesional
excision (17).

Intrinsic tumors of the spinal cord, while rare, can cause pain
and present with neurological involvement. The majority of
intramedullary lesions consist of ependymomas, astrocytomas,
and hemangioblastomas. On rare occasions metastatic disease
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can be found intrinsic to the spinal cord, but metastatic lesions
to the spinal cord usually present as purely extradural masses.
Decompression of intramedullary tumors is performed typi-
cally by laminectomy followed by midline myelotomy and
microsurgical tumor excision (18,19). In general, posterior
spinal fusion is not necessary in these cases, although, in the
pediatric population postlaminectomy kyphosis after spinal
cord tumors occurs in up to 50% of patients (20,21). Conse-
quently, instrumented posterior spinal fusion or laminoplasty
may be indicated in the young population especially if a pre-
existing deformity or malalignment of the spinal column exists
before a laminectomy (16,22).

2. SURGICAL TREATMENT OF TUMORS
OF THE OCCIPITOCERVICAL JUNCTION

Tumors of the craniocervical junction are uncommon and
can include both primary lesions, such as meningiomas, giant
cell tumors, schwannomas, and chordomas, and, very rarely,
metastatic disease (23,24). Like the subaxial spine, metastases
will frequently involve the anterior elements of the atlas and
axis. This can make total resection of atlantoaxial tumors dif-
ficult. Unlike other regions of the spine, however, spinal cord
decompression and adequate pain relief can often be obtained
from a posterior decompression and fusion without the need for
an anterior approach (24,25). Obviously isolated posterior
approaches can make it difficult for a complete tumor resec-
tion, usually demanding adjuvant therapy. Palliative therapy
using occipitocervical instrumentation for immobilization
without the necessity for bony fusion can be an alternative in
patients with metastatic involvement of C1–C2 and a limited
life span (26).

2.1. ANTERIOR APPROACHES
TO THE CRANIOCERVICAL JUNCTION

Similar to other areas of the spine, neoplastic disease of the
upper cervical spine often involves the anterior elements. The
odontoid process and anterior portions of C1–C2 can often best
be approached transorally (27,28). Following transoral dens
resection, the cavity can be reconstructed using allograft or
autograft bone. The use of cancellous autograft and a titanium
mesh cage can also be used for reconstruction (29). Given the
degree of spinal instability produced by anterior procedures,
augmention with posterior occipitocervical instrumentation is
often performed. The addition of posterior occipitocervical
instrumentation can reduce the necessity of using a rigid halo
fixation device and the associated morbidity of such devices.

An anterolateral approach has also been described for tumor
resection of an aneurysmal bone cyst isolated to the lateral mass
of the atlas and not involving the axis (30). This approach
allows removal of the ventral tumor involvement as well as
resection of more lateral elements that are often not possible
with a transoral approach (31).

2.2. POSTERIOR APPROACHES
TO THE CRANIOCERVICAL JUNCTION

Although tumor debulking of anterior midline located lesions
of the craniocervical junction can be done using the transoral
approach, more lateral lesions require additional strategic
approaches. The posterolateral/far lateral approach to the

cervical spine has been used successfully to address tumors of
the foramen magnum and upper cervical spine region (32).
Unlike the anterolateral approach, the far lateral approach al-
lows for a larger exposure and for mobilization of the vertebral
artery if necessary (i.e., “extreme” lateral approach).

Many tumor decompressive and debulking operations of
the craniocervical junction require simultaneous instrumented
fusion owing to instability from the lesional pathology or from
the destabilizing nature of the tumor decompression procedure.
Posteriorly, various methods of atlantoaxial instrumentation
and fusion have been described (33–37). One of the most com-
mon techniques of C1–C2 fusion is the transarticular screw
fixation method described by Magerl (34). This method has a
high arthodesis rate, although aberrant vertebral artery anatomy
limits using this technique in all patients. Alternatively, Harms
et al. (33) has recently introduced the use of C1 lateral mass and
C2 pedicle screws connected by rods as another means of rigid
fixation. Moreover, in cases where the anatomy precludes
placement of axis pedicle screws, the lamina of the axis has also
been used as an alternative fixation point (38). Biomechani-
cally, the atlantoaxial polyaxial screw method of Harms and
Magerl C1–C2 transarticular screw fixation appear equal with
regards to load-bearing and movement resistance, both being
superior to posterior sublaminar wiring techniques (39–42).
Clinically, the screw fixation methods result in higher fusion
rates than posterior wiring techniques used alone (43–45). In
addition, the rigid internal fixation techniques have obviated
the necessity for rigid external/halo immobilization postopera-
tively. Ultimately the type of instrumentation used to facilitate
spinal arthrodesis in the occipitocervical region needs to be
addressed on a case-by-case basis and will vary depending on
the bony and vertebral artery anatomy as well as the involve-
ment of the tumor and its effects on hardware placement.

3. SURGICAL TREATMENT OF TUMORS
OF THE SUBAXIAL CERVICAL SPINE

3.1. POSTERIOR APPROACHES
Laminectomy has been a standard approach for decompres-

sion of the subaxial cervical spine and can be done quickly and
safely in most cases of acute spinal cord compression. In cases
involving patients with high risk for operative morbidity, this
approach may be preferred for gaining rapid neural element
decompression. Moreover, the posterior approach is often ideal
in cases of benign primary extramedullary dumbbell tumors of
the cervical spine (46). Cervical decompressive laminectomy,
however, can lead to kyphosis postoperatively, even in cases
without pre-existing deformity. The rate of kyphosis following
laminectomy may be even more pronounced in patients with
anterior disease involvement of the spine. Because of this pro-
pensity, posterior cervical fusion often needs to be done in
conjunction with a decompressive laminectomy in patients with
a reversal of the normal cervical lordotic curve or with gross
cervical spine deformity. For patients with significant defor-
mity, including vertebral body collapse, an anterior approach
may be necessary and possibly preferred, especially if long-
term patient survival is expected. Correction of a severe kyphotic
deformity may ultimately be best addressed with a combined
approach.
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3.2. ANTERIOR APPROACHES
Anterior approaches to the subaxial cervical spine are famil-

iar to most spine surgeons. The standard anterior spine approach
first described by Smith et al. (47) and Cloward (48) is performed
via a transverse skin incision or alternatively, an incision along
the anterior sternocleidomastoid border and allows access to
the prevertebral region. This approach to the cervical spine
typically addresses pathology at the C2–C7 vertebral levels but
can occasionally provide access further caudally to T2. Cervi-
cal corpectomy and anterior diskectomy can be used to remove
anterior vertebral body tumor and combined with an allograft
or autograft bone strut graft, can be used to reconstruct the
region and reduce cervical kyphosis (49). Metal alloy mesh
cages with bone grafting are also an effective alternative strut
graft (50–52). Additionally, polymethylmethacrylate has been
used successfully for vertebral body reconstruction in patients
with a limited lifespan in whom reconstruction and immediate
stabilization, not spinal fusion, are the primary goals (53–55).
The anterior approach also has been used in this region of the
spine for ventrally located extramedullary and intramedullary
spinal cord tumors (56,57).

Anterior instrumentation is frequently used for additional
construct stability. The most commonly used hardware is an
anterior plate but additional instrumentation used after a
corpectomy for tumor includes the telescopic plate spacer or
titanium cages (58). These instruments may help augment spi-
nal fusion rate and the addition of anterior plating also protects
from anterior graft dislodgment (59,60). Anterior stabilizing
hardware also may negate the need for postoperative rigid cer-
vical fixation. Because the majority of malignant tumors of the
cervical spine are anteriorly based within the vertebral corpus,
anterior approaches for decompression of neural elements and
vertebral reconstruction are often ideal.

More recently, combined anterior and posterior approaches
of the cervical spine have been employed for tumor resection,
reconstruction, and spinal fusion (61–63). The combined
approach can be performed either as a staged procedure or in
one operative setting (63). Overall fusion rates using the com-
bined approach in the cervical spine appear superior to the
anterior approach alone (64). Some relative indications for a
combined approach include severe kyphotic deformity or
instability, circumferential or three-column tumor involve-
ment, and isolated local disease that can be addressed by ver-
tebrectomy (61). Poor bone quality with osteopenia, prior local
irradiation, or other factors that may lead to a decreased fusion
rate, may also lead to choosing a combined anterior-posterior
approach. The combined procedure, however, adds additional
surgical risks to the patient and may add to increased overall
cost of treatment.

4. SURGICAL TREATMENT OF TUMORS
OF THE CERVICOTHORACIC JUNCTION

Tumors of the cervicothoracic junction are often difficult
entities to deal with surgically. The complex regional anatomy
can cause difficulty in surgical exposure and can add to the
morbidity of operating in this region. Because of these difficul-
ties, various disciplines such as spine surgery, thoracic surgery,

and head and neck surgery have contributed to surgical progress
in this area.

Tumors of the cervicothoracic region account for 15% of
patients with spine tumors (65). Pain, neurological symptoms,
and kyphosis can develop from tumors in the cervicothoracic
junction and treatment should address these symptoms. Numer-
ous approaches have been employed to gain access to tumors of
this region.

4.1. ANTERIOR APPROACHES
A standard Smith-Robinson anterior neck approach to the

lower cervical and upper thoracic spine, staying above the ster-
num, can gain caudal exposure to the vertebral body of T2
(66,67). This approach is familiar to neurosurgical and ortho-
pedic spine surgeons, but the operating space obtained can be
limited. Further caudal exposure is usually limited by the manu-
brium sterni. Lateral exposure is also limited by this approach.
Consequently, more lateral lesions such as nerve sheath tumors
may best be approached posteriorly (68).

A limited proximal sternotomy in addition to the standard
anterior cervical approach can be used to gain additional caudal
spine exposure. Modifications of this technique with a trans-
verse incision limb allows for a manubriotomy without total
sternotomy (69). Others have used an endoscope to allow for
anterior exposure and visualization of the cervicothoracic junc-
tion without the need for a sternotomy (70). A proximal sterno-
tomy can also be supplemented by an anterolateral thoracotomy
creating a “trap door” to expose the cervicothoracic spine ven-
trally (71). This technique that combines an anterior neck inci-
sion with a partial median sternotomy and anterolateral
thoracotomy has been referred to as the “hemi-clamshell”
approach (72).

Transclavicular anterior approaches to the cervicothoracic
junction have also been employed to approach more lateral
spine lesions such as those extending near the lung apex (73).
By dividing the clavicle, exposure of the subclavian vessels
and brachial plexus trunks can be obtained allowing access to
the lateral cervicothoracic region. Others have used similar
approaches anteriorly with mobilization of the medial clavicle
along with part of the manubrium sternum rotated toward a
sternocleidomastoid flap (74). When approaching the spine via
the transclavicular route, it should be noted that injury to the
sternoclavicular joint or clavicular nonunion can be a source of
morbidity in addition to the more obvious risks of neurovascu-
lar injury.

Reconstruction of the cavity after cervicothoracic
corpectomy for tumor can be accomplished using various strut
grafts. These may include: mesh cages, iliac crest autograft/
allograft, fibular allograft, or methylmethacrylate/Steinmann
pin constructs (65).

4.2. POSTERIOR APPROACHES
Decompressive laminectomy for spinal cord compression

caused by tumor in the cervicothoracic region is the most
straightforward surgical approach to address acute neural in-
jury. Several additional posterior approaches for tumor of the
cervicothoracic spine can be done in conjunction with a lami-
nectomy, if necessary, for further tumor removal or reconstruc-
tion. These procedures may allow ventral decompression or
circumferential decompression in a single operative setting.
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Transpedicular approaches do allow limited access to the
ipsilateral vertebral body, but offer limited exposure and can
put the spinal cord at risk for injury with inadvertent cord
manipulation. A costotransversectomy approach can be employed
for lesions throughout the thoracic region including the
cervicothoracic junction. This involves removal of the proxi-
mal rib head and transverse process in addition to removal of
the pedicle to access the lateral vertebral body. A major draw-
back to this approach is the lack of exposure to the floor of the
canal and to the anterior most portions of the vertebral body.
This may lead to an incomplete decompression of the thecal sac
and subtotal resection of the anterior portions of tumor. The
addition of an endoscope used in conjunction with the
transpedicular approaches may aid in the extent of tumor resec-
tion including improved visualization of the canal floor (75,76).

The lateral extracavitary approach to the vertebral body is a
more lateral variation of the costotransversectomy technique
and involves a more extensive rib resection to gain better expo-
sure of the vertebral body (77,78). This technique allows excel-
lent visualization of the vertebral body and floor of the spinal
canal and can allow for a near complete corpectomy unlike the
various costotransversectomy techniques. The lateral
extracavitary approach can be used for certain high thoracic
lesions to access the entire vertebral body, but the medial bor-
der of the scapula above T3 often impedes using this approach
at the cervicothoracic junction. Positioning of the arm to rotate
the scapula laterally, however, may allow adequate access.
Lesions at T1 and T2 may best be approached by unilateral or
bilateral (if near complete vertebrectomy is desired) costotrans-
versectomy, as the scapula will be less likely to inhibit this
approach. An additional modification of the lateral
extracavitary approach has also been described (79). The lat-
eral parascapular extrapleural approach allows for lateral mobi-
lization of the parascapular muscles toward the scapula, thus
aiding in the lateral exposure of the superior most thoracic
vertebrae.

All of the extended posterior techniques mentioned allow
access to both the anterior and posterior elements of the spine
in a single setting. The posterolateral approaches allow the
surgeon to perform reconstruction of the anterior elements in
addition to posterior instrumentation through the same inci-
sion. Single approaches may be preferred in patients who are
too ill to undergo a rigorous combined anterior and posterior
decompression and reconstruction procedure (14,80,81). For
isolated spine disease that is extensive or circumferential, a
single posterior or anterior approach may not suffice. In such
cases, complete removal of tumor may involve staged approaches
utilizing both posterior and anterior decompression to achieve
total vertebrectomy (82).

After posterior decompressive approaches, the development
of post-procedure kyphosis may be especially pronounced
given the unique transition from lordosis to kyphosis at the
cervicothoracic junction. Posterior instrumented fusion using
various plates or screw-rod combinations is frequently employed
to avoid this progressive deformity in cases of posterior decom-
pressive laminectomies. The obvious instability created surgi-
cally with the more extensive posterior vertebrectomy

approaches necessitates instrumented spinal fusion in most
cases. This is often performed using a series of cervical lateral
mass screws and thoracic pedicle screws/hooks joined by a rod
construct. Although lateral mass screws are commonly used
throughout most of the subaxial cervical spine, this is not the
usual case at the C7 vertebrae where pedicle screws are pre-
ferred given its unique anatomy (66,83). Pedicle screws can be
placed at C7 because the pedicles are typically quite large com-
pared to the more rudimentary lateral masses at this level.

If a vertebral corpectomy is included at the cervicothoracic
junction, additional anterior reconstruction with a strut graft is
needed. In addition to the strut grafts previously mentioned for
anterior corpectomy defects, rib autograft harvested during the
lateral extracavitary or other lateral approaches can be used for
ventral spine reconstruction of the high thoracic region.

5. SURGICAL TREATMENTS OF TUMORS
OF THE THORACOLUMBAR SPINE

Tumors of the thoracolumbar spine are not uncommon and
can be primary as well as metastatic in origin. Metastatic tumors
of the spine are most commonly found in the thoracic region of
the spine (6). The surgical treatment of tumors of this region
remains an ongoing challenge. Improved survival of patients
with spine metastases has allowed surgery to play an increasing
role in the total care of these patients. Although medical and
radiation therapies are employed as mainstay therapy for spine
tumors, surgery remains an option in patients with metastatic
tumors that are radio-resistant, for spinal instability, neurologi-
cal decline, and for refractory pain (59). The main goal of sur-
gery in patients with malignant spine tumors continues to be
focused on improvement in their quality of life.

5.1. ANTERIOR APPROACHES
The thoracolumbar spine spans the region from the thorax to

the pelvis. Because of this, various approaches and anatomic
considerations need to be addressed in accessing the spine
anteriorly. For simplicity sake, all approaches that are not
approached in the dorsal midline or involving a paraspinal
approach will be considered “anterior” approaches.

The classic approach for gaining access to thoracic vertebral
lesions involves a thoracotomy. Because of the propensity of
tumors to invade the vertebral corpus, the anterior approach to
this region seems logical. Posterolateral thoracotomy usually
can gain ready access to the vertebral bodies of the thoracic
spine from T3 to T10. This anterior approach also allows for
significant deformity correction in cases where restoration of
alignment secondary to pathological fractures of the thoracic
spine is necessary. Additionally pain relief and relief of neuro-
logical deficits may be superior using anterior decompression
of neural elements rather than a decompressive laminectomy
approach (12,84–86). In cases with anterior epidural cord com-
pression and vertebral body involvement, thoracotomy may be
preferred to the posterior route (84). However, lesions in the
upper thoracic region, above T4, may be more difficult to ap-
proach with a thoracotomy given the proximity of the aortic
arch and great vessels of the thorax. In cases such as these a
right-sided thoracotomy or posterior approach may be the pre-
ferred route. Thoracotomies can also entail significant pain
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postoperatively and accompanying tube thoracostomy drain-
age. The need to deflate a lung intra-operatively may not be
tolerated in patients with preexisting poor pulmonary function.

Laparotomies or combination thoracotomy and laparotomy
incision may be necessary to access the thoracolumbar junction
and the lower lumbar spine. A laparotomy can generally reach
lesions from L1 to the sacrum while a combined thoraco-
abdominal approach is needed to reach lesions at T11 and T12.
The drawbacks can include significant postoperative ileus and
a prolonged hospital stay. As opposed to a transperitoneal ap-
proach, a retroperitoneal laparotomy approach may be better
tolerated from a gastrointestinal standpoint and has a low com-
plication rate (87). By avoiding the peritoneal cavity the ab-
dominal viscera are less likely to be injured and one can avoid
having to deal with difficult adhesions in patients who have had
prior abdominal surgery.

Various laparoscopic or anterior endoscopic approaches to
the lumbar spine have been routinely used recently (88–90).
The use of anterior endoscopy in tumor decompression and
reconstruction operations, however, is limited because of the
smaller window of exposure obtained. The limited exposure
can make it difficult to mobilize the great vessels and to obtain
adequate exposure for a full corpectomy. Despite this, with
improvements in equipment and techniques, tumors of the
lumbar region may be managed in the future with endoscopic
approaches.

Thoracoscopic approaches to the thoracic spine have been
used successfully for spine surgery decompression and recon-
struction with a low complication rate (91). Thoracoscopy has
also been used for spinal cord decompression and vertebral
body reconstruction in cases of metastatic thoracic spine tumors
(92). Combined thoracoscopic surgery and posterior surgical
approaches have also been used in dealing with benign dumb-
bell tumors (93,94). The use of the thoracoscopic approaches is
limited by the small working portals, which make dealing with
long construct operations difficult. The use of thoracoscopy for
complex spine surgery also is noted to have a steep initial learn-
ing curve (91).

Reconstructing the anterior thoracolumbar spine after ante-
rior decompressive surgery is similar to that of the cervical
spine. Allograft or autograft bone with or without anterior
instrumentation can be used, as well as titanium mesh cages
or other spacer devices (95–97). As previously mentioned with
regard to the cervical spine, various forms of polymethylmeth-
acrylate grafts can also be used as a vertebral body replacement
in the thoracolumbar spine in those patients with a limited
lifespan who require immediate reconstruction after anterior
vertebral body resection (98).

5.2. POSTERIOR APPROACHES
Decompressive laminectomy remains the easiest and quick-

est technique for spinal cord decompression of the thoracolum-
bar spine. This may be the preferred treatment in acute
neurological decline in patients with a spinal column mass.
This method, however, does not address anterior disease removal.
Laminectomy, therefore, can be done in conjunction with a
posterolateral approach to better address the ventral pathol-
ogy. In debilitated terminal patients with spinal tumor, some

have advocated a hemilaminectomy and transpedicular decom-
pression of anterior spine disease without further stabilization,
instrumentation, or reconstruction to improve their quality of
life (80). Procedures such as a costotransversectomy or lateral
extracavitary approach can allow access to the vertebral body
as well as the posterior elements of the thoracolumbar spine.
These approaches allow for a more complete resection of tumor
and access to anterior and posterior columns for reconstruction
in patients with benign tumors or those with better short-term
prognosis (99). The transpedicular or costotransversectomy
approach may also be augmented with the use of an endoscope
posteriorly to better visualize the decompression of the canal
(75,76). Compared with the anterior approaches to the thora-
columbar spine, costotransversectomy may be better suited for
patients with poor pulmonary function and for those with lesions
of the upper thoracic spine. The rate of complications for costo-
transversectomy do not appear to be any different than for that
of thoracotomy (81). The lateral extracavitary approach has
been used for tumor decompression and spine reconstruction as
mentioned previously. This technique provides ideal exposure
of the posterior bony elements as well as the anterior vertebral
column from T3 to L4 and with modifications to S1 (77).
Tumor extension more anteriorly going into the body cavity
may, however, necessitate an anterior surgical approach. Other
variations for vertebrectomy involve modifications of these
posteriolateral approaches which are ideal for decompressing
and reconstructing the spine anteriorly and posteriorly via a
single approach (100,101).

Some authors have advocated complete en-bloc spondy-
lectomy for isolated primary and metastatic spine tumors (102–
103). This may be useful in tumors that involve all three
columns of the spine. The goal in this case is not only improve-
ment of pain and functional status but also theoretical improve-
ment in local tumor control and recurrence. Unfortunately,
using the Tomita spondylectomy approach the results of recur-
rent tumor were still non-ideal (104). Rather than removing
tumor in a piecemeal fashion as is the case in performing a
spondylectomy from a single posterior approach, some authors
recommend a combined technique. By combining an anterior
and posterior approach for complete spondylectomy the tumor
recurrence rate may be lower than via a single approach (13).
Overall it appears that total spondylectomy approaches, as a
whole, are best used in cases of isolated spine disease and in
non-debilitated patients who can tolerate this procedure.

6. CONCLUSION

Decompression and resection of tumors of the spine has
evolved from simple decompressive laminectomies for neural
element decompression and palliation to more complex surgi-
cal procedures that may allow improvement in pain and life
expectancy. The goals of a given operation and the location and
extent of the tumor will dictate the surgical approach used.
Over the years, innovative techniques and approaches have
been developed to address tumors of the spine. These advances
have allowed radical tumor removal in select cases and for the
correction of the unstable spine. Improved instrumentation and
use of biomechanically sound principles has lead to improved
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arthrodesis rates following spinal surgery for tumor. Continued
improvement in survival rates for patients with isolated malig-
nant spine tumors has likewise prompted the adoption of more
extensive surgical therapy to help treat these patients. Newer
advances in minimally invasive spinal procedures will improve
the care of patients with spinal tumors and have broader use in
the future.
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1. INTRODUCTION

Metastatic spine tumors occur in 5 to 10% of all cancer
patients (1–9). Cervical spine involvement is relatively uncom-
mon, accounting for less than 10% of all spinal metastases
(6,7,9,10). The most prevalent tumors are lung, breast, pros-
tate, kidney, and thyroid (2,3,11–13). Most patients presenting
with cervical spine tumors generally have extra-cervical and
extra-spinal sites of disease at presentation (6). Radiation
therapy, surgery, or a combination, are the primary treatment
modalities for cervical spine tumors. Treatment decisions are
based primarily on the segmental level of cervical spine involve-
ment, radio-sensitivity of the tumor, presence of mechanical
instability, and prior treatment.

Advances in imaging and the early diagnosis and treat-
ment of symptomatic cervical spine metastases have improved
patient outcomes (14). The prospects of quadriplegia and res-
piratory arrest resulting from metastases make effective treat-
ment of spinal cord compression and instability perhaps even
more compelling than in patients who present with thoracic and
lumbar spine tumors. Operative considerations unique to the
cervical spine include management of the vertebral artery, tumor
extension into the brachial plexus, and difficult ventral approaches
for the high cervical spine and cervicothoracic junction.

In this chapter, the assessment and management of the
atlanto-axial and subaxial cervical spine are discussed sepa-
rately. These two regions are different with regard to definition
of instability, risk of neurological dysfunction, and manage-
ment strategies.

2. CLINICAL PRESENTATION

Pain is the predominant symptom of cervical spine metastases
(6,15,16), although asymptomatic metastases are often identi-
fied by screening (7). Pain may be biological, mechanical, or
both (14,16). Biological pain is nocturnal or early morning pain
that probably results from inflammatory mediators secreted by
the tumor. Early recognition of this pain and definitive treat-
ment of the tumor with radiation or operation may prevent
mechanical compromise and neurological dysfunction. Signifi-
cant mechanical pain or movement-related pain heralds the loss
of structural integrity of the vertebral column, either from bony
erosion by the tumor process or pathological fracture. Com-
monly, patients with cervical spine tumor experience referred
pain to the trapezius muscles, shoulder, and interscapular
regions, which may reflect mild instability.

Neurological involvement presents with radiculopathy,
myelopathy or myeloradiculopathy. The incidence of neuro-
logical deficits in metastases to the lower cervical spine has
been reported to be as high as 25 to 35% (17–22), whereas the
incidence of neurological deficits attributable to upper cervical
metastases is less (0–22%) (17–19,23–25). Some studies have
reported the incidence of neurological involvement between 40
and 70% when radicular symptoms are included (18,20). Asso-
ciated motor, sensory, or reflex deficits may also occur. Ambu-
latory status at presentation has significant prognostic
implications and is dependent on primary tumor type (26).
Autonomic dysfunction, such as urinary retention, resulting
from cervical spine disease, is an end-stage neurological find-
ing and signifies poor prognosis for recovery (27). Lower cra-
nial nerve dysfunction signifies disease involving the base of
skull.
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3. PATIENT EVALUATION

The initial evaluation of any patient presenting with cervical
spine or associated radicular pain and/or neurological dysfunc-
tion must commence with a thorough history and physical
examination. In many cases the primary tumor is evident from
the history.

Plain cervical spine radiography is a useful first line inves-
tigation. However, a normal appearing plain radiograph in no
way rules out metastatic disease. Up to 60% of patients with
spinal metastatic disease may have normal plain radiographs,
because 50% demineralization is required before a lytic lesion
can be identified (28,29). Plain radiographs are useful in assess-
ing cervical spine alignment and deformity, presence of patho-
logical fractures, and stability.

Magnetic resonance imaging (MRI) is the modality of choice
in assessing spinal metastatic disease. It is the most sensitive
and specific modality for detecting spinal metastases and is
excellent for assessing the entire spine for bone, epidural, and
paraspinal involvement. The extent and degree of spinal cord
compression is readily appreciated with MRI. The identifica-
tion of intramedullary spinal cord signal changes is another
advantage of MRI and this may be prognostically useful (30).
Leptomeningeal metastatic disease may be seen with contrast-
enhanced MRI (31).

Computed tomography (CT) quantifies the degree of lytic
bone destruction and helps differentiate osteoblastic from os-
teolytic metastases. The degree of bony retropulsion secondary
to a pathological fracture can also be clearly identified. CT is
not a good screening tool for metastatic disease and may fail to
identify metastatic deposits in up to 52% of cases (32). Myelo-
gram is useful in patients with contraindications to MRI (e.g.,
pacemaker) or in those who have spinal implants. MRI should
be attempted in patients with spinal implants before subjecting
them to a myelogram, because the majority of cervical instru-
mentation systems are MRI compatible (i.e., titanium) and tu-
mor recurrence can be readily visualized.

Nuclear medicine tests may be helpful in patient assess-
ment. MRI has largely replaced bone scintigraphy for spinal
assessment. The relative lack of specificity compared to MRI
limits its role in spinal assessment (33). In patients without a
known primary cancer, bone scan may help identify a more
readily accessible site for biopsy (e.g., rib) than the cervical
spine. Conversely, 18-fluoro-2-deoxy-D-glucose positron
emission tomography (PET) may be useful in assessing the
presence of tumor suggested by MRI scans. Equivocal MRI
scans that show hypointense marrow signal changes on T1-
weighted images may be further evaluated with PET to help
determine whether the changes are the result of tumor, degen-
erative changes, or osteoporosis (34).

4. MANAGEMENT

The primary treatment modalities for cervical spine me-
tastases are radiation therapy and surgery. The treatment deci-
sions differ between the atlanto-axial and subaxial spine and
are considered separately. Cytotoxic chemotherapy, hormones,
and immunotherapy play a more limited role. Two of the most
commonly used chemotherapy agents, steroids and bisphos-

phonates, are used for palliation and not specifically for tumor
treatment. Steroids are used to treat patients with epidural spi-
nal cord compression and to alleviate biological pain, while
definitive therapy is undertaken. Bisphosphonates (e.g.,
pamidronate), which inhibit osteoclast activity, may be used in
patients with tumor infiltration to prevent fracture. In large
prospective, randomized trials for breast carcinoma and mul-
tiple myeloma (35–38), pamidronate has been shown to signifi-
cantly reduce skeletal events (i.e., symptomatic fractures).

4.1. ATLANTO-AXIAL SPINE
Patients with atlanto-axial tumor present with biological

pain, but also generally have significant mechanical pain in
flexion and extension. The majority of patients additionally
have a component of lateral rotation pain that helps distinguish
atlanto-axial pain from subaxial spine tumor. This mechanical
pain, although severe, is usually not indicative of instability
requiring an operation. Given the wide mid-sagittal diameter of
the spinal canal at C1–C2, the vast majority of patients are
neurologically intact, including many of those with significant
fracture dislocations (17–19,23–25). Neurological injury, when
it occurs, usually results from fracture dislocation and, less
frequently, from epidural tumor compression. The widespread
use of MRI for tumor screening of the spine and early immobi-
lization with an external orthosis has markedly reduced the
number of patients presenting with significant neurological
deficits, including severe quadraparesis (23).

Neutral lateral cervical spine radigraphs are used to evaluate
fracture subluxations of the atlanto-axial spine for displace-
ment and angulation. Review of the literature confirms that
patients with normal spinal alignment or minimal fracture
subluxations respond to hard collar immobilization and radia-
tion therapy (17,23,25,39). Patients with odontoid fractures
with less than 5 mm displacement, or C2 involvement with less
than 11º angulation and 3.5 mm subluxation between C2 and
C3 (Hangman’s fracture, Francis grade 4), generally respond to
non-operative therapy, as assessed by resolution of mechanical
neck pain, lack of deformity progression, and ability to wean
from the hard collar (39). The tumor histology, radio-sensitiv-
ity of the tumor, and extent of bone infiltration, as seen on MRI,
do not seem to impact on the response to radiation therapy or
subsequent need for an operation (39). Osteolytic tumors often
results in destruction of the C2 body, odontoid, and/or facet
joints. Despite extensive destruction, the majority of patients
with normal alignment or minimal subluxation respond to non-
operative therapy (39). Presumably, these patients develop a
fibrous union and occasionally show re-ossification (e.g., mul-
tiple myeloma).

Operation is reserved for patients with fracture subluxations
greater than 5 mm at C1/C2 or 3.5 mm subluxation and greater
than 11º angulation at C2/C3 (Hangman’s fracture, Francis
grade 4). Other surgical indications include patients who have
undergone prior radiation to overlapping ports, unknown diag-
nosis, and patients who progress following radiation. The latter
indication includes patients with persistent neck pain and new
fracture subluxations.

4.1.1. Surgical Strategies
The vast majority of patients requiring operation for atlanto-

axial metastatic spine tumors can be managed with dorsal fixa-
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tion (25,39–41). Rarely is ventral decompression indicated
or necessary. Preoperative spinal fracture reduction may be
attempted with awake traction, however, patients can often be
re-aligned intra-operatively with a wake-up test performed to
assess neurological function.

The levels of fixation depend on the ability to reduce the
fracture subluxation and the integrity the dorsal elements of C1
and C2. Occipitocervical fusion is indicated if there is destruc-
tion of the C1 dorsal arch and/or C2 dorsal elements, involve-
ment of the C1 lateral masses and/or occipital condyles, or
irreducible C1/C2 subluxation. If a fracture cannot be adequately
reduced, a C1 laminectomy to decompress the spinal cord is
performed and the construct extended to the occiput. Isolated
C1/C2 stabilization is indicated when disease is confined to the
odontoid process and ventral arch of C1. Additionally, atlanto-
axial alignment should be achieved before placing instrumen-
tation. In most cases in which there is tumor in the C2 vertebral
body it is advisable to instrument to C3, or beyond if there is
subaxial disease.

A variety of techniques have been developed for
occipitocervical, C1/C2, and C1–C3 stabilization. Historically,
Luque rectangles with sublaminar wires were used to achieve
occipito-cervical fusion (20). More recently, lateral mass plate
systems have been developed that permit the contouring either
plates or rods to the occiput (e.g., Summit system, Johnson and
Johnson, Depuy-Acromed, Boston, MA) (Fig. 1). C1/2 stabili-
zation can be achieved using wiring techniques (42) or cervical
sublaminar clamp systems. The authors have used the Apofix
sublaminar hook-rod system (Medtronic Sofamor Danek,
Memphis, TN) with great success in providing durable, rigid
fixation in the metastatic cancer population (39) (Fig. 2). For
long fixation in the cervical spine, lateral mass plates may pro-
vide a rigid construct that allows the termination of the con-
struct below the occiput (Fig. 3). The use of C1/C2 transarticular
screws is often contraindicated owing to the degree of bony
destruction, but C2 pedicle screws are often possible if there is
no pedicle destruction. Most modern instrumentation systems
do not require reinforcement with polymethyl methacrylate
(PMMA) (20), as has been previously reported.

Ventral decompression may be indicated to decompress sig-
nificant ventral tumor causing persistent spinal cord compres-
sion and to establish a diagnosis in the absence of a more
accessible tumor biopsy. A transoral approach provides expo-
sure to the ventral arch of C1, odontoid process, and body of C2
(41,43–45). Lateral resection of tumor is limited through this
approach. If more lateral or additional subaxial spine exposure
is required, one option is to use a retropharyngeal approach as
described by McAfee (46). The retropharyngeal approach, to
the upper cervical spine has a lower risk of infection than the
transoral approach. It also provides exposure of the entire cer-
vical spine from clivus to cervicothoracic junction and is par-
ticularly useful if disease in the body of C3 requires ventral
resection and reconstruction. The retropharyngeal approach,
however, requires detailed knowledge of head and neck surgi-
cal anatomy and should not be attempted by surgeons unfamil-
iar with this region. Ventral reconstruction options include,
autograft or allograft strut grafts, cages, PMMA, plates, and
vertebral body prosthesis.

Fig. 1. A 20-yr-old male presented with osteogenic sarcoma of the
right femur with extension into the popliteal fossa. He underwent
neoadjuvant chemotherapy followed by resection and Finn knee
reconstruction. More than 3 yr later, he presented with severe neck
pain in flexion, extension, and lateral rotation. Plain radiographs
(A) showed metastatic osteogenic sarcoma. The patient underwent
four cycles of salvage chemotherapy with complete resolution of his
pain. Surgery was undertaken in an attempt to achieve local tumor
control. He underwent C2 laminectomy, lateral mass resection C1
and C2, and posterior fixation using lateral mass plates contoured to
the occiput (B). Postoperatively he received 6000 cGy intensity-
modulated radiation therapy. At the time of death, more than 3 yr
later, he had no evidence of local recurrence or neck pain.
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Fig, 2. Patient with no prior history of malignancy presented with
severe neck pain. Systemic work-up was unrevealing. Plain radio-
graphs (A) showed significant fracture subluxation. The patient un-
derwent C1 to C3 fixation with sublaminar hook-rod system. She was
subsequently diagnosed with lymphoma and has received local radia-
tion therapy and systemic chemotherapy.

Sjöström et al. (24) reported a series of six patients with
pathological odontoid fractures treated with ventral decom-
pression and stabilization (24). A Southwick-Robinson ap-
proach was used to access the ventral aspects of C2 and C3. The
metastatic deposit was resected where possible. Reconstruc-
tion consisted of two 3.5-mm screws from the caudel end-plate
of C2 into the dens. The cavity from the tumor resection was
filled with PMMA and the construct further reinforced by a
ventral C2–C3 plate. Additional dorsal C1–C3 fixation was
performed in two patients. There were no fixation failures with
a median survival of 27 mo. The same author reported a series
of 12 upper cervical spine metastases in a subsequent paper.
Nine of these had pathological odontoid fractures and were
treated in a similar fashion previously described. Fixation failed
in three due to local progression of disease.

4.2. SUBAXIAL CERVICAL SPINE
Metastatic disease of the subaxial cervical spine is more

common than that of the atlanto-axial spine. As with atlanto-
axial tumors, the majority of patients can be managed with

Fig. 3. A 62-yr-old woman with known history of lymphoma pre-
sented with severe neck pain. Magnetic resonance imaging (A)
showed C3 vertebral body destruction and right C3–C4 lateral mass
destruction. Owing to the subaxial instability, the patient underwent
a C3 vertebrectomy and ventral reconstruction using fibula allograft
and an ventral plate. (B) Intraoperative photograph. (C) Plain radio-
graphs. During the same operation, she underwent a C3 and C4 lami-
nectomy and facet resection, followed by dorsal segmental fixation
with lateral mass plates, using a sublaminar wire at C1 for fixation.
She subsequently underwent radiation therapy and has been without
evidence of local recurrence for more than 3 yr.
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radiation therapy, but there are distinct differences between
their presentation and management. In contrast to the atlanto-
axial spine, mechanical instability pain resulting from a com-
pression or burst fracture is generally an indication for surgery.
Further, lytic destruction of the vertebral body and concomitant
dorsal element tumor virtually always results in instability pain
and requires surgical intervention. Conversely, while models
have been proposed to define or predict spinal instability (47),
many patients who have vertebral body fractures have no insta-
bility pain and do not require immediate operation. A second
difference between regions of the cervical spine reflects the
etiology of myelopathy or radiculopathy. In the subaxial spine,
these result from epidural tumor compression, rather than the
fracture subluxations seen in the atlanto-axial spine.

4.2.1. Surgical Strategies
Subaxial spine tumors arising from the vertebral body should

be addressed with a ventral approach and vertebral body resec-
tion (17–22). Kyphotic deformities may be reduced pre-opera-
tively in an awake patient using skull traction, however, fixed
deformities can often be readily reduced intra-operatively fol-
lowing tumor decompression. The Smith-Robinson approach
(48) provides excellent exposure from C3 to C7 and usually T1
can be reached. High cervical approaches (e.g., C3 corpectomy)
may require specialized services of the head and neck team to
avoid trauma to the superior laryngeal and hypoglossal nerves.

A number of approaches to the cervicothoracic junction have
been described. The trap door or hemiclamshell approach
includes a dissection along the ventral border of the ster-
nocleidomastoid muscle, extending down the sternum and
across the fourth interspace (49). It is more easily accomplished
from the right to avoid operating over the aortic arch, but car-
ries a higher risk of recurrent laryngeal stretch injury. More
recently for limited resections extending to T2, the authors
have begun to use a ventral sternocleidomastoid incision and
manubrial osteotomy, which provides excellent exposure (50)
(Fig. 4). Both of these approaches are surprisingly well toler-
ated. Cervicothoracic junction vertebral body metastases, as high
as C7, may also be addressed via a dorsolateral transpedicular
approach (51).

The technique of ventral decompression in the subaxial cer-
vical spine is relatively straightforward. All tumor-infiltrated
vertebral bodies should be identified and resected. Tumor
decompression includes resection of the posterior longitudi-
nal ligament to identify a normal dural plane. Once the midline
dura mater has been identified, the nerve roots can be dissected
as far as the brachial plexus. Tumor can often be skeletonized
from the vertebral arteries. Pre-operative balloon occlusion or
at a minimum an MRI showing patency of the contralateral
vertebral artery and/or circle of Willis is important before intra-
operative dissection of the vertebral artery, in case sacrifice
becomes necessary. On rare occasions, the vertebral artery may
be infiltrated with tumor, precluding aggressive dissection.
Another important pre-operative consideration is that of vocal
cord function. Recurrent laryngeal nerve palsy may occur sec-
ondary to tumor infiltration. This should be identified using
fiber optic laryngoscopy, and if a unilateral palsy is noted, the
operative approach should be on the same side.

As with the atlanto-axial spine reconstruction, fixation of
the subaxial spine should provide sufficient stability to allow
the patient to be managed with minimal external support post-
operatively. The use of halo vests is not well-tolerated in this
patient group and has not been used in our institutions for pa-
tients with metastatic tumor. Ventral reconstruction techniques
have evolved over the years. PMMA combined with a variety
of instrumentation (27,52) including Kirchner wires (53),
Steinmann pins (53), Harrington (54), and Knodt rods (55)
have been used with some success. As a stand-alone method of
stabilization, this may not be sufficient and a significant failure
rate has been reported (56). Loosening and failure of fixation
appears to be the most common reason (56) as PMMA alone
offers poor resistance to hyperextension and rotation (52,57).

The use of rigid internal plate fixation for cervical spine
stabilization has become more commonplace in the manage-
ment of degenerative and traumatic conditions of the cervical
spine (58–60). This method of fixation is also effective follow-
ing decompression for cervical spinal metastatic disease
(18,20,61). When using this method, it is imperative that the
vertebral bodies used for screw fixation are free of tumor. An
interbody strut is required in addition to plate fixation. Au-
tograft iliac crest or fibula may be used. However, in this group
of patients with limited life expectancy, the additional donor
site morbidity makes this choice less desirable. Allograft iliac
crest or fibular struts are extremely useful in this regard (Fig. 3).
However, if the patient is to receive postoperative radiotherapy
there is a higher risk of pseudoarthrosis. Other options include
titanium mesh implants packed with bone graft.

The decision to combine a ventral subaxial decompression
with a dorsal procedure must be given careful consideration in
all cases. In cases where resection of more than one vertebral
body is required, supplemental dorsal instrumentation is war-
ranted to ensure stability (19,62–64). Ventral reconstruction
alone in these cases may fail, particularly where there is re-
sidual disease as is the situation in the majority of these cases
(19,62,63). Circumferential epidural metastases often necessi-
tate combined ventral and dorsal decompression and stabiliza-
tion. A ventral decompression alone may not be sufficient to
adequately decompress the spinal cord. Additional dorsal de-
compression achieves this, but dorsal instrumentation should
be used for stability. A combined procedure is indicated in the
presence of dorsal element destruction. When this occurs, it is
usually associated with ventral disease at the same level and
there is often a translational deformity present in addition to the
usual kyphosis. Finally, in cases where life expectancy is likely
to be more than 1 yr, it may be prudent to perform a combined
procedure, even for single level ventral metastatic disease, be-
cause local progression of disease is likely to occur and may
lead to failure of ventral fixation.

Lateral mass instrumentation systems provide excellent
fixation in cases where early postoperative mobilization is pref-
erable. The use of dorsal wiring techniques, often supplemented
by PMMA, has been widespread in the past. This technique is
inferior to lateral mass fixation systems and usually requires
external immobilization postoperatively (20). Lateral mass
fixation has now superseded wiring techniques in patients with
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Fig. 4. A 57-yr-old patient with metastatic chordoma to C7 and T1 with a large ventral spinal mass (A). Patient was approached via a left
dissection ventral to the sternocleidomastoid muscle and manubrium osteotomy, without a hemiclamshell extension. (B) Intra-operative
picture: the vertebral artery was identified at its origin and tumor was readily dissected. An intralesional resection of the vertebral body was
then accomplished with dissection of the nerve roots (C8 and T1) following removal of the posterior longitudinal ligament. (C,D [opposite
page]) Anterior/posterior plain radiographs and lateral computed tomography scan. Ventral reconstruction was accomplished with autologous
iliac crest graft. A posterior approach was then taken to resect the C7 facet and dissect tumor from the C8 and T1 nerve roots. Dorsal segmental
fixation over the cervicothoracic junction was accomplished with a lateral mass plate-rod system. NR, nerve root; VA, vertebral artery.

sub-axial metastatic disease (20). Hard or soft collar immobi-
lization is generally sufficient.

A large proportion of patients who require surgery for cer-
vical spine metastases undergo pre-operative radiotherapy or
chemotherapy. Those who have not usually do so postopera-
tively. Concern arises with regard to bone graft incorporation.
Animal studies suggest that preoperative radiation has little
effect on strut graft incorporation (65,66) Postoperative radia-

tion may have a more detrimental effect and it is recommended
that it is delayed for 3 to 6 wk (65).
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1. INTRODUCTION

Metastases are the neoplasms most commonly seen by both
orthopaedic and neurosurgeons, and the spine is the site most
frequently involved (9,20). At autopsy, more than 70% of
patients who die of cancer have vertebral metastases (23).
Although nearly all malignancies may metastasize to bone,
carcinoma of breast and bronchogenic origin, lymphoma, and
multiple myeloma account for half of all spinal metastases
(4,11,12,20,35,38,51).

The clinical behavior of the primary tumor determines the
importance of metastatic disease; more aggressive, less treat-
able primaries frequently kill patients before spinal metastases
become clinically relevant. However, as medical and adjuvant
treatments improve, cancer patients are surviving longer, and
the effects of metastatic disease on quality of life, including
independence and pain, must be considered. Technology has
made it possible to perform aggressive surgery with less mor-
bidity, and improved spinal instrumentation allows early post-
operative mobilization. The majority of patients with metastatic
spinal tumors are best treated non-operatively, with radiation
therapy (RT) and chemotherapy. However, surgical treatment can
significantly improve patient comfort, function, and survival.

2. GOALS OF SURGICAL TREATMENT

Surgical intervention is indicated when more conservative
therapy fails to control tumor progression, particularly in cases
of mechanical instability or impending instability, neurologi-

cal compromise, or intractable pain. Surgery may also provide
a diagnosis when the primary remains unknown after sys-
temic workup and fine-needle aspiration. In cases where bony
destruction and collapse have already occurred, especially with
resulting bony impingement on the spinal cord, surgery pro-
vides the only method of redress.

For patients with metastatic disease, it is generally not the
role of the spine surgeon to try to “cure” the patient, though
solitary metastases of less aggressive primaries may be so
treated. Rather, the goal ought to be to help maximize quality
of life, as many patients with metastatic disease may survive for
years. In simple terms, the surgeon seeks to relieve pain and to
improve function, or at least to prevent further deterioration.
More specifically, at the end of surgery, the neural elements
should be free of impingement, the risk of symptom recurrence
should be minimized, and the spine should be stable, with sagit-
tal balance secured. To that end, there are three phases of surgery
to consider: resection, decompression, and stabilization.

3. OPTIONS
3.1. MARGINS OF RESECTION
As in all musculoskeletal surgery, appropriate treatment is

predicated on careful pre-operative planning. A clear under-
standing of the location and extent of the tumor is essential.
Although anatomic compartments are difficult to define around
the spine, natural planes of dissection do exist.

Weinstein (47) divided the vertebral body into four zones,
I–IV, with tumor extension described A–C: intra-osseous,
extraosseous, and distant spread (Fig. 1). Although this schema
is intended to describe primary spine tumors, the zones and
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extensions remain useful concepts in the discussion of meta-
static disease. Zone IA indicates the spinous process, inferior
facet, and pars. Zone IIA includes the superior facet, transverse
process, and pedicle. Zone IIIA is the anterior 75% of the body,
and zone IVA is the posterior 25% body, including the poste-
rior cortex directly anterior to the spinal canal and neural ele-
ments. Zones I–IVB describe extraosseous extension of tumor
from the corresponding areas of the vertebra. As the vast ma-
jority of spinal metastases occur in the vertebral body, most
patients will have tumor involving zones III and IV.

In the case of an isolated metastasis, especially when long-
term survival is reasonably expected, obtaining the widest
possible margin may profoundly affect patient outcome. In their
series of spinal metastases, Sundaresan et al. (43) showed that
resection of all gross tumor led to a median survival of longer
than 2 yr, compared with historic median survival times of 6 mo
with less aggressive procedures. Tomita et al. (44) treated 28
patients with favorable prognostic indicators with en-bloc ver-
tebrectomy, yielding a mean survival of 38.2 mo, and success-
ful local control in 93%. In contrast, Hosono (22) reported a
local recurrence rate of 24% after anterior decompression, al-
though it is unclear from that report whether the resections were
marginal or intralesional. Isolated metastases from less immi-
nently lethal tumors, mainly breast, colon, prostate, and kid-
ney, should be managed like primary tumors of the spine. Wide
resection may be possible for lesions in zones IA–IIIA, and, by
removing the surrounding compartments, IVA lesions may
likewise be widely resected. Wide margins are frequently not
feasible in type B lesions, as important vascular and neural
structures adjacent to the tumor cannot be resected. In these
cases, a marginal resection is likely at best, and intralesional
resection is frequently all that is possible.

When there are metastases to multiple organs, wide resec-
tion of spinal tumors becomes less important to the overall
prognosis. Nonetheless, the surgeon should make every rea-
sonable effort to remove as much of the tumor as possible, as
complete resection can extend life and improve its quality (43).

3.2. DECOMPRESSION VS STABILIZATION
In addition to directly compromising neural elements, spi-

nal tumors produce pain and neurological deficits through frac-
ture and instability. Pathological fractures occur along a
continuum. At one end, resorption of bone may itself be pain-
ful, especially when osteopenia is sufficient for microfractures
to occur. At the other end of the spectrum, gross failure of
vertebral bodies leads to compression fractures, or even low-
energy burst-type fractures with canal compromise. Local de-
struction may lead to painful instability and deformity, which,
especially in the thoracic spine, may injure the neural elements.

3.2.1. Neurologically Intact
For patients with painful instability, but no neurological

deficits, the goal is to stabilize the spine, both to relieve pain
and to prevent neurological compromise.

In radiosensitive tumors, stabilization should be established
with posterior instrumentation, with little or no effort given to
decompression. Tumor growth may then be controlled with
subsequent irradiation. Radio-resistant tumors need surgical
treatment that is more aggressive, and resection and stabiliza-
tion should be performed together. This may entail either com-
bined anterior and posterior approaches, or a posterolateral
approach. In either case, stabilization is necessary both anteri-
orly and posteriorly, to reestablish sagittal balance and poste-
rior tension band function.

Those patients with a stable spine, but in whom the tumor
has caused significant bony destruction, with impending col-
lapse, present a more difficult decision. An impending
pathological fracture does not itself require prophylactic stabili-
zation. A compressed vertebra may continue to bear load, and
may not produce instability or neurological compromise (21).
However, in the thoracic spine, canal compromise is likely to
produce a significant and often irreversible neural deficit. Here,
destruction of more than 50% of the body or significant pedicle
involvement warrants prophylactic treatment (11), either by sur-
gical stabilization, or possibly by a minimally invasive tech-
nique, such as kyphoplasty or vertebroplasty (34).

In the lumbar spine, with its more capacious and forgiving
canal, a more conservative approach is reasonable. Radiosen-
sitive tumors, even those compromising greater than 50% of
the body, may be irradiated successfully. If collapse does occur,
operative stabilization and decompression, if warranted, may be
performed. Radio-resistant tumors should be stabilized when
they significantly compromise two columns of the spine, as
destruction of both the anterior and middle column will lead to
instability (10,50).

3.2.2. Neurologically Compromised
Involvement of the neural elements changes treatment focus.

Decompression is necessary to relieve pain and to prevent pro-
gressive deterioration. Neurological function may be improved
by decompression, especially for patients with slowly progres-
sive deficits treated early. Radio-sensitive tumors causing

Fig. 1. Zones of resection. Four zones, defined to describe tumor
extension within the vertebral body, permit careful planning for ex-
cision of focal metastases as well.
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gradually progressive neural compromise may be treated with
radiation, assuming no associated instability. If the deficit
progresses rapidly, or if the tumor is radio-resistant, the cord
and roots must be decompressed directly. When neural com-
promise is secondary to bony impingement from vertebral col-
lapse or instability, surgery becomes the only effective means
of addressing the problem.

3.3. SELECTING A SURGICAL APPROACH: OPTIONS
3.3.1. Posterior
Posterior approaches, long the mainstay of spinal tumor sur-

gery, are now used only in highly selected cases. This is because
most spinal metastases involve the anterior elements, zones III
and IV. In these patients, laminectomy provides no benefit
beyond radiation alone. An uncontrolled, retrospective review
by Nicholls et al. (36) demonstrated neurological improvement
in only 24% of 38 patients who underwent laminectomy. Further-
more, although Constans et al. (7) obtained some improvement
combining radiotherapy with laminectomy, Gilbert et al. (15)
found laminectomy to be of no benefit beyond radiotherapy
alone. Decompressive laminectomy does not allow access to
tumor or bone fragments anterior to the cord, and posterior sur-
gery may lead to or exacerbate kyphosis. The resulting increased
compression in these already compromised patients may be neu-
rologically devastating.

In a review of 746 cases in the literature, McLain and
Weinstein (31) noted only 38% of posteriorly decompressed
patients had a satisfactory neurological outcome. Furthermore,
the improvements were weighted toward those patients with
less deficit pre-operatively. More recently, however, Bauer (2)
demonstrated significant neurological improvement with a
more aggressive posterior approach, including drilling of both
pedicles and removal of anterior tumor or bone fragments,
combined with segmental stabilization. In this prospective
study of 67 patients, 76% had meaningful neurological improve-
ment, and the majority maintained this improvement until death
or 1-yr follow-up. Wide posterior decompression and stabiliza-
tion was recommended for patients with visceral or brain
metastases, for those with significant cardiovascular or pul-
monary disease, and for those with multiple spinal metastases.
By preventing kyphosis, rigid segmental stabilization seems to
maintain the benefits of even the less than maximal decompres-
sion achieved with a posterior approach. Shimizu et al. (39)
noted neurological improvement in 9 of 11 patients with mul-
tiple spinal metastases. After laminectomy, these patients were
stabilized with Luque rods, sublaminar wires, and methyl-
methacrylate. However, neurological improvement was main-
tained for less than 6 mo in 45% of these cases.

3.3.2. Anterior
Most metastatic spinal disease involves the anterior ele-

ments. In response to the poor outcome associated with lami-
nectomy, surgeons began to approach spinal metastases
anteriorly. Harrington (18) reported significant neurological
improvement in 68% of patients approached anteriorly. Of the
38 patients with metastases to the thoracic or lumbar spine,
66% improved one or more Frankel grades, and 38% of patients
improved two or more grades. Similarly, Fidler (13) reported
neurological improvement in 14 of 15 patients who presented
with a deficit, and pain was relieved in all but one patient.

Siegal and Siegal (42) reported the results of 47 consecutive
anterior approaches for epidural compression by metastatic
disease. Seventy-four percent of the 35 patients who were non-
ambulatory preoperatively regained the ability to walk, 86% of
the 22 patients incontinent of bowel and bladder regained con-
trol, 61% of the 45 patients who were in unremitting pain had
complete resolution, and an additional 31% had partial relief.
The same group (41) presented a prospective study of anterior
and posterior resection, based on location of compression: le-
sions in the body were approached anteriorly, and those in the
posterior elements were treated by laminectomy. Those who
did not fit their surgical indications received radiotherapy. In
this last group, only 30% gained or retained the ability to am-
bulate. In the laminectomy group, 34% of pre-operative non-
ambulators gained that ability, and 47% had improved
continence. In the vertebrectomy group, 75% of non-
ambulators were able to walk postoperatively, and 87% re-
gained continence. Although pain reduction results are not
available for the laminectomy and radiation groups, 54% of
anteriorly approached patients had complete resolution of pain,
and another 34% had an improvement.

In their review of the literature, McLain and Weinstein (31)
found 427 cases of anterior decompression for which there
was objective neurological grading. Seventy-nine percent of
these had significant improvement, and 77% were able to
ambulate independently, with intact bowel and bladder func-
tion. Because of such success, especially compared to laminec-
tomy, the anterior approach to spinal metastases has largely
become the gold standard for spinal decompression when sur-
gical treatment proves necessary.

3.3.3. Posterolateral
Many patients require both anterior and posterior decom-

pression, or anterior decompression with both anterior and
posterior instrumentation. Others may have comorbidities that
make them poor candidates for anterior surgery. To avoid
subjecting the former patients to both anterior and posterior
approaches, and to minimize risk to the latter, some have advo-
cated the posterolateral approach (3,33,48).

In the thoracic spine, the posterolateral approach is essen-
tially a transpedicular resection in combination with a 3- to 4-cm
costotransversectomy. In the lumbar spine, the transpedicular
approach is augmented with resection of the medial aspect of
the transverse process. Curved and reverse angle curettes are
then used for tumor resection anteriorly. Anterior reconstruc-
tion is performed through the same approach, utilizing either
methyl methacrylate sometimes augmented with Steinmann
pins or a variation thereof, or using a mesh cage with cement or
bone graft. Resection through this approach is always intra-
lesional.

Initially, the results with posterolateral approaches were dis-
appointing. Dewald et al. (11) reported that only one of five
patients regained the ability to walk, and survival was less
than 6 mo. Bridwell et al. (5) were disappointed by their inabil-
ity to resect the tumor as adequately as they could through an
anterior approach, though they did note that 60% of their
neurocom-promised patients improved postoperatively.
Overby and Rothman (37) treated 11 non-ambulatory patients.
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Although 82% of them improved neurologically, only 64% be-
came ambulatory. Bilsky et al. (3) reported on a series of 25
patients, of whom 9 had a pre-operative deficit. Only five (56%)
of these patients improved neurologically and three patients
(12%) worsened one or more Frankel grades.

Recently, there have been more encouraging reports.
Muhlbauer et al. (33) reported that 82% of their patients improved
neurologically and 70% of non-ambulators were able to walk
postoperatively, though most required a cane or walker. In this
approach, decompression is carried out by removing the pedicle
and posterior-lateral cortex of the vertebral body (Fig. 2) and
removing the tumor tissue within the body piece by piece. The
tumor or bone that may be compressing the spinal cord is col-
lapsed into the vertebral body defect, using a reverse curette
and taking care not to compress or manipulate the spinal cord.
The surgeon removes as much tumor as can be seen from the
posterolateral corner, and may use a dental mirror to see further
medially. Inevitably, some tumor is left behind, usually directly
anterior to the cord. McLain (29) reported a promising modifi-
cation of the approach, utilizing an endoscope to illuminate and
visualize the body anterior to the cord, without requiring ma-
nipulation of the cord (Fig. 3). In 2001, McLain (30) reported
a pilot series of nine consecutive patients, all of whom retained
or regained normal strength and function. Pre-operatively, six
patients were Frankel B, C, or D; all improved to grade E post-
operatively. All nine patients maintained normal sensation,
bladder and bowel function, and independent ambulation until
terminal care or last follow-up, at 3 to 36 mo. Importantly, there
was a dramatic reduction in both intensive care unit an in-pa-
tient days, compared to open thoracotomy.

4. SELECTING AN APPROACH:
SPECIFIC INDICATIONS

When selecting the approach, neural decompression, tumor
resection, and subsequent spinal stabilization must all be con-

sidered. Patient co-morbidities, tumor dissemination, and
surgeon’s experience must be considered. It is of paramount
importance to consider the biomechanical effect of the resection,
as the reconstruction that follows must re-establish stability.

4.1. ZONE I AND II LESIONS: THE POSTERIOR
ELEMENTS

Rarely is metastatic disease confined to the posterior ele-
ments (24). However, these unusual Zone I lesions should be
approached through a posterior incision sufficient to allow
resection of any soft tissue mass. Posterior stabilization with
segmental instrumentation should be part of the procedure, even
in the rare decompression that itself does not produce instabil-
ity, as local recurrence may well lead to instability. Further-
more, for patients likely to survive longer than 6 to 12 mo,
fusion should be attempted. Although this may be difficult to
attain in a previously irradiated tissue bed, or in a patient under-
going chemotherapy, instrumentation without fusion has a lim-
ited, unpredictable life expectancy, which might be briefer that
that of the patient (22). In the thoracolumbar region, multilevel
laminectomies may result in progressive kyphosis. In the lower
lumbar spine, resection of a total of one facet at any single level
may lead to spondylolisthesis (1).

For patients with an isolated metastasis, especially when the
primary tumor bears a relatively good prognosis, wide excision
should be attempted. Although sacrificing a thoracic nerve root
is not neurologically devastating, ligation of the associated
segmental artery may prove dangerous in the lower thoracic
watershed region. A pre-operative angiogram should facilitate
this decision. Sacrifice of a lumbar root is less acceptable.

Zone II lesions should be approached posterolaterally.
Again, it is rare for spinal metastases to be strictly posterior, but
in these cases, anterior surgery is not needed. A posterolateral
approach enables the surgeon to access the contralateral lamina
as well as the junction of the pedicle and body on the involved
side, making wide excision possible for isolated IIA lesions.

Fig. 2. Posterolateral decompression technique. (A) Decompression begins with a laminectomy approach providing wide exposure to the spinal
canal and reducing pressure on the spinal cord. (B) The pedicle and proximal rib are removed on the side of most severe involvement. (C)
Currettes and pituitary rongeurs remove tumor from within the bone, creating a cavity. (D) A cage or bone strut can be placed into the cavity
to restore anterior spinal support.



CHAPTER 31 / METASTATIC DISEASE OF THE THORACOLUMBAR SPINE 259

Fig. 3. (A) A 70º-angled endoscope provides light and magnification while searching the volar surface of the spinal cord for residual tumor.
(B) The image through the scope shows the regions of the vertebral body and cord shielded from the traditional approach.

Generally, however, neural compression is caused by exten-
sion from the soft-tissue component of B tumors. In these cases,
wide excision is not possible without removing a segment of
the dura. Marginal or intralesional resection is therefore the
only acceptable option.

In the case of a posterior tumor sufficient to compromise
stability without causing a neural deficit, local control may be
obtained through radiotherapy in many cases. If the tumor is
radiosensitive, surgeons should remove enough tumor to en-
sure that inflammation caused by RT does not precipitate cord
compression. If the tumor is not radiosensitive, a full resection
should still be performed. The exposure necessary to stabilize
the spine should provide all the necessary access to the tumor.
If the lesion is radio-resistant and is not removed, it may grow
to compromise the neural elements, and a second surgery in an
unhealthy patient would be needed.

4.2. ZONE III AND IV LESIONS: THE VERTEBRAL
BODY

In general, lesions anterior of the vertebral body are best
decompressed by an anterior approach (13,19,26,29,40,41).
True zone III lesions should not actually compromise neuro-
logical function. To do so, the tumor would have to involve
zone IV, or a pathological fracture with bony retropulsion
would have to occur. Either of these conditions would then
represent a zone IV lesion. Barring an isolated lesion with a
good prognosis for survival that would warrant a wide resec-
tion, the primary indication for surgery in a metastasis isolated
to zone III would be impending instability or intractable pain,
and decompression would not be needed. In these cases, local
control may be obtained by marginal resection through an
anterior approach, with cage or strut graft reconstruction,
followed by RT.

Patients more commonly require the attention of the spine
surgeon when there is cord compromise. Again, isolated metas-
tases to these zone IV lesions, if they are of favorable tissue
type, should be widely excised when possible. This necessi-

tates a combined anterior and posterior approach, to free the
body from the posterior elements, so reconstruction is needed
both anteriorly and posteriorly.

The majority of zone IV lesions occur in patients with dis-
seminated disease or otherwise poor prognosis and have most
successfully been approached anteriorly. When possible, a mar-
ginal resection should be performed, but an intralesional resec-
tion is often all that is attainable (Fig. 4). However, there are
situations where the endoscopically assisted posterolateral
approach, which is always intralesional, can obtain adequate
decompression and full anterior column recontruction with
reduced surgical morbidity. This is particularly true for tho-
racic metasases above T5, where anterior access is difficult at

Fig. 4. Anterior curettage of a metastatic lesion.



260 BABAT AND MCLAIN

best. Scapular retraction, sternotomy, or splitting of the clavicle
is required to gain access to T2 or T3 lesions, and the great
vessels are difficult to mobilize at this level. The endoscopic
posterolateral approach may actually provide for a more thor-
ough resection and decompression in these cases. Additionally,
patients with compromised pulmonary function from paren-
chymal involvement or previous lung resection may not toler-
ate a transthoracic or thoracoscopic anterior approach (Fig. 5).

4.3. COMBINED LESIONS
Metastatic lesions may compromise the cord both anteriorly

and posteriorly. Even when anterior decompression would itself
provide relief, a posterior approach will be needed to ensure
that the posterior structures can withstand tensile and shearing
forces—a competent tension band. Otherwise, these patients
with compromised anterior elements are likely to subside into
kyphosis or lysthese. A combined anterior and posterior approach
is needed. The decision to pursue a formal anterior/posterior
combined resection and reconstruction has to be based on an
expected survival benefit and improved quality of life. This is
often unlikely in metastic disease.

5. SPECIFIC CONSIDERATIONS
5.1. TUMOR TYPE AND BEHAVIOR
Although essentially all malignancies may metastasize to

the spine, breast, bronchogenic, prostate, and lymphoreticular
tumors account for 60% of spinal metastases requiring treat-
ment. Because spinal metastases from breast, prostate, and renal
tumors appear early in the disease, patients frequently live long
enough that spinal metastases must be addressed. Patients with
pulmonary primaries or multiple myeloma often die soon after
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the appearance of spinal metastases and frequently do not need
more than palliative treatment for their spinal tumors.

Furthermore, multiple myeloma, lymphoma, and prostatic
carcinoma tend to be quite radiosensitive, and radiotherapy
frequently yields excellent results in these patients, limiting the
need for surgery (6,31,45). Although breast carcinoma me-
tastases are also frequently radio-sensitive, as many as 30% of
patients do not improve clinically with radiation alone (16,45).
Typically, renal tumors prove radio-resistent, as do many
gastrointestinal carcinomas. The latter tend to metastasize to
the liver and lungs before the spine, overshadowing the impor-
tance of osseous metastases. However, with increasing longev-
ity, the need to treat spinal metastases from colorectal and
gastrointestinal tumors is increasing.

Because renal tumors tend to metastasize early in the dis-
ease and respond poorly to radiation, patients with spinal me-
tastases frequently need surgical intervention. It is important to
remember that these tumors are extraordinarily vascular. Most
surgeons will order an angiogram and ask their radiology col-
leagues to embolize them 24 to 48 h before surgery can result
in catastrophic hemorrhage.

5.2. SAGITTAL BALANCE
At the end of the reconstructive procedure, spinal stability

and balance must be restored. In addition to preventing further
kyphosis or spondylolisthesis, pre-existing deformity must be
addressed. While both hyperkyphosis of the thoracic spine and
lumbar “flat back” (hypolordosis) are unacceptable, the thora-
columbar junction is the area of greatest concern. It is in this
transitional area that kyphosis is most likely to occur, with
resulting pain, and, frequently, neurological injury. Several
reconstructive methods can be employed to address this problem.

Non-segmental instrumentation is sufficient to stabilize the
spine after limited laminectomy. However, when more than the
posterior column is involved with disease, these constructs tend
to fail, either by pulling loose or breaking. Segmental stabiliza-
tion distributes forces widely over the spinal column with good
results (29,33,39,49). These constructs resist bending moments
in thoracic tumors, allow for rotational correction, and, with
the cantilevering effect of pedicle screws, better maintain
axial alignment, even in the face of reduced anterior support.
Pedicle instrumentation depends, however, on bone quality,
especially in anteriorly deficient constructs. Screw bending
failure can be expected when a deficient anterior column is not
reconstructed.

Anterior constructs allow for alternative or additional sup-
port of sagittal balance. Patients with isolated lesions and long-
term survival potential may be reconstructed with autograft.
Large, multilevel defects present more of a challenge, and may
be supported with bone- or cement-filled titanium mesh cages.
Rigid reconstruction locking plates, placed anterolaterally,
provide compression and fixation across the graft. Alterna-
tively, Steinmann pins, or a variation thereof, may be used as
“rebar” imbedded in methyl methacrylate to improve the
cement’s resistance to shearing forces and its fixation to the
spine. Non-biological cement constructs have a finite life.
These should be reinforced with bony fusion for patients likely
to survive longer than 4 to 6 mo.

Fig. 5. Endoscopically assisted approach to upper thoracic
metastases.(A, opposite page) Magnetic resonance imaging demon-
strates metastatic lesion of the T3 vertebral body, a notoriously diffi-
cult level to reach through any anterior method. (B, opposite page)
Endoscopic view during video-assisted posterolateral corpectomy
allows removal of all of the tumor, anterior to cord. (C, opposite page)
Complete corpectomy and preparation of endplates for reconstruction.
(D) The nerve root is retracted, and a cage is placed posterolaterally
to restore anterior column support. (E) Postoperative lateral radio-
graph. The patient had complete recovery of cord function and
ambulation, and relief of pain for the remainder of his life.
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5.3. MULTILEVEL DISEASE
Because of the extensive nature of the resection and subse-

quent reconstruction, anterior surgery may be impractical for
patients with extensive spinal metastases. This includes those
whose anterior lesions compromise more than two adjacent
levels, or whose metastases involve non-contiguous vertebrae.
After exhausting all non-surgical options, an aggressive poste-
rior decompression with segmental instrumentation is a rea-
sonable choice (Fig. 6). Shimizu et al. (39) noted neurological
improvement in 82% of patients with multiple metastases so
treated, and no patient’s status worsened. Hammerberg (17)
approached patients with more then two involved levels poste-
riorly, including bilateral transpedicular resection, and those
with only one or two involved bodies anteriorly. He noted neuro-
logical improvement in 12 of 17 (70%) patients posteriorly de-
compressed and instrumented, and 8 of 10 who underwent an
anterior procedure. Segmental instrumentation plays a pivotal
role in the success of these cases.

5.4. CHEST WALL INVOLVEMENT
It is not uncommon for spinal metastases to involve the

adjacent rib head and costovertebral angle (8). Although resec-
tion is certainly possible through a traditional transthoracic
approach, it must be remembered that the rib resected for the
approach is generally one or two levels above the involved
vertebra. Although it is possible to make the approach through
the involved rib, access to higher thoracic levels is severely
curtailed. This may make both resection of the proximal extent
of the tumor and reconstruction difficult. More than one rib
may need to be resected. Another option is the posterolateral

approach. Resection of the rib head and its articulation with the
vertebra is a routine part of the procedure.

5.5. INVOLVEMENT OF VITAL STRUCTURES
Although IIIA lesions can be marginally or widely resected

throughout the spine, type B lesions, those with soft tissue ex-
tension, may not be addressed as easily. Invasion of adjacent
vital structures may necessitate an intralesional resection.
Again, for patients with disseminated disease, the primary con-
cerns are to adequately decompress involved neural elements
and to ensure stability. Resection of the tumor is secondary, and
an intralesional resection may be all that is reasonably under-
taken.

Patients with isolated metastases from treatable primaries,
and occasional patients with local recurrence of a previously
resected colon or renal primary, are best served by wide resec-
tion, even when adjacent structures are involved. It is not un-
common to sacrifice an involved sympathetic chain, or even an
involved nerve root. When more vital structures are involved,
it is important to have a surgeon from the appropriate subspe-
cialty involved (e.g., thoracic, vascular, or general surgery).
This team approach should be arranged before surgery, while
planning the case, to ensure appropriate positioning, approach,
and surgeon availability. It must be remembered that, for pa-
tients with disseminated disease, the risk and recovery required
for a major vascular reconstruction may outweigh the benefits
of such an aggressive approach.

6. CONTRAINDICATIONS

For patients with anterior pathology, not only is laminec-
tomy no better than radiotherapy, but it may be overtly harmful.
Blind manipulation of the cord to decompress anteriorly carries
a high risk of additional neurological injury (28), and, if
retropulsed vertebral fragments cannot be removed, the com-
pression will not be relieved. By compromising the posterior
structures, aggressive posterior decompression can lead to pro-
gressive kyphosis and increased cord compression, especially
in the face of an incompetent anterior column.

Patients with poor pulmonary function are poor candidates
for a transthoracic approach. This includes those with severe
chronic obstructive pulmonary disease, which is common in
the lung cancer population. Parenchymal tumor compromises
function, as does previous lung resection. These patients may
well be better served by forgoing an anterior approach in lieu
of an endoscopically assisted posterolateral approach. The need
to take down the diaphragm for a thoracolumbar exposure may
similarly compromise these patients. It is advisable to test
baseline pulmonary function pre-operatively.

The posterolateral approach should not be employed for
patients with solitary metastases and a good prognosis, unless
the tumor is radiosensitive and other comorbidities preclude the
use of the transthoracic approach. The posterolateral approach is
almost always intralesional. Patients with isolated metastases
and an otherwise good prognosis should be offerred wide resec-
tion whenever possible.

7. COMPLICATIONS

Sundaresan et al. (43) have reported complication rates as
high as 48% following tumor excision. They found the com-

Fig. 6. Wide decompression through a classic laminectomy approach
can be successful for patients with multilevel disease. Segmental
spinal instrumentation, using hooks and screws at multiple fixation
points, can stabilize the spine and resist the collapse into kyphosis that
makes laminectomy without fusion a poor choice.
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plication rate to be statistically higher for patients over age 65,
in those who have had prior treatment, and in the presence of
parapareses. Nonetheless, neurological deterioration is on the
order of 5% or less (25,43,46).

The risk of complications is highest in previously irradiated
patients, whose tissues are fragile and poorly vascularized. Poor
wound healing is by far the most common problem in this popu-
lation, with most large series reporting wound breakdown in 5
to 20% of these patients (2,5,43). Furthermore, irradiated ves-
sels become friable, and minor intra-operative dissection may
cause severe hemorrhage that is difficult to control. To lessen
these risks, surgeons might be afforded the opportunity to con-
sult before patients are irradiated.

Unless a wide excision is accomplished, local recurrence
may be anticipated in nearly all patients, should they live long
enough. The risk of local recurrence is greater in patients who
live longer, with local recurrence in up to 41% of thyroid cancer
patients. Radio-resistant tumors are also more likely to recur,
and rates as high as 50% have been reported in renal cancer
(22). This underscores the importance of obtaining the best
possible margins in those patients with a prognosis of long-
term survival or whose tumor is not radio-sensitive.

Bleeding is always a risk in surgery, but much more so in
tumor surgery, where it may be difficult to control. In addition
to being hypervascular, tumors around the spine frequently
involve large vessels, and the exposures necessary put these
structures at further risk. Pre-operative embolization and care-
ful dissection help to limit this risk.

Failure of the reconstruction is another problem. McAfee et
al. (27) treated 24 patients referred for failure of fixation that
had relied on methyl methacrylate. Only five of these instances
occurred when it was used anteriorly, but all of these were
patients treated for tumor. None of these constructs was rein-
forced with posterior instrumentation. Segmental instrumenta-
tion, together with appropriate anterior reconstruction, can last
for the duration of the patient’s life, even in the absence of a
fusion. The highest rates of failure are seen in strictly posterior
and posterolateral resections for tumors involving the anterior
structures, without anterior reconstruction. Even in these cases,
failure rates are relatively low; Bridwell (5) noted loosening in
1 of 25 patients, Bauer (2) in 6% of 67 patients.

All surgery for spinal metastases incurs the risks associated
with the chosen approach. Excessive retraction may injure the
liver or spleen in right- or left-sided lumbar and thoracolumbar
approaches, respectively. The position of the retractors must be
checked frequently, and the assistant should know what struc-
tures lay behind the retractors. Although pneumothorax is
always encountered after the transthoracic approach, it may
also result from retropleural, posterolateral, and even strictly
posterior approaches about the thoracic spine. If ventilation
becomes difficult or if oxygen saturation decreases during sur-
gery, pneumothorax must be suspected. Even if there are no
clinical signs, a postoperative X-ray should be obtained to en-
sure there is not a small but expanding pneumothorax.

Because of its proximity, anterior approaches to the lower
lumbar spine result in injury to the sympathetic chain in a small
number of patients. Superior hypogastric plexus damage dur-

ing anterior approach to the lumbosacral junction may result in
retrograde ejaculation in some men, especially those who are
older or who have peripheral vascular disease, not uncommon
in the metastatic tumor population. Careful handling of the
prevertebral tissues, especially subperiosteal dissection, helps
to minimize this risk.

8. SUMMARY

Because progress has been made in the treatment of cancer,
more patients are surviving long enough for spinal metastases
to become clinically important. Concomitant, advances in sur-
gical technique and instrumentation have improved survival
and neurological outcome after spinal surgery. Appropriate sur-
gical treatment of these individuals can significantly improve
their length and quality of life.
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1. INTRODUCTION

Surgical resection, reconstruction, and internal fixation of
the spine are often indicated in the management of patients with
lumbosacral neoplasms. Because of the complex anatomy of
this region, aggressive resections are technically demanding
and often involve long operative times and significant blood
loss. Some wide resections may require the purposeful sacri-
fice of nerve roots, with inherent functional consequences for
the patient. In addition, the unique biomechanical features of
the lumbosacral junction, combined with the destructive nature
of neoplastic processes and the resection of such disease,
present a challenging problem in terms of spinal reconstruction
and stabilization. The purpose of this chapter is to review the
important anatomic, biomechanical, and functional consider-
ations of this region; to provide a step-by-step description of
techniques for the resection of lumbosacral tumors; and to
describe current methods of spinopelvic reconstruction and
stabilization. Although the differential diagnosis of lumbosac-
ral lesions is broad and includes inflammatory conditions as
well as a variety of developmental abnormalities and cysts, the
discussion here is limited to the management of neoplastic disease.

2. ANATOMICAL AND BIOMECHANICAL
CONSIDERATIONS

The lumbosacral junction is a unique region of the spinal
column because it is a transition zone in which the mobile lower
lumbar segments meet the highly immobile sacrum and pelvis.
Several factors contribute to unique load-bearing characteris-

tics within this region. One of these is that the lumbosacral
junction is exposed to the largest loads borne by any area of the
spine. In addition, although it has a greater range of motion than
any thoracic or lumbar level in the sagittal (flexion-extension)
plane, the lumbosacral junction has a very limited range of
motion in the axial plane, as well as with rotation and lateral
bending.

Because of the normal lordotic curvature of the lumbar spine,
the lumbosacral intervertebral disk possesses a steep angle with
respect to the horizontal. The lumbar spine therefore has a ten-
dency to slip forward on the sacrum. The facet joints at L5/S1
are primarily responsible for resisting this tendency, aided by
ligamentous and muscular elements. The facets are oriented
very close to the coronal plane, a configuration that offers the
most resistance to spondylolisthesis.

From the lumbosacral junction, the weight of the body is
passed through the sacroiliac joints and on to the hips and lower
limbs. The sacroiliac articulation is mostly a fibrocartilaginous
amphiarthrodial joint (i.e., no synovial capsule). A small
diarthrodial (i.e., synovial capsule present) portion is located
along the ventral aspect of the joint. The mechanical stability
of this joint is conferred primarily by three characteristics: (1)
its wedge-like configuration, which locks the sacrum into the
dorsal pelvic ring; (2) the complementary irregularities in the
articular surfaces of the sacrum and ilium; and (3) most impor-
tantly, the incredibly strong supporting ligaments.

The forward tilt of the sacrum causes the body load to be
transmitted to the ventral surface of the sacrum as a potential
rotatory force, with the axis centered at S2. The dorsal ligamen-
tous complex, including the interosseous and dorsal sacroiliac
ligaments, are the strongest ligaments binding the sacrum to the



266 FOURNEY AND GOKASLAN

ilium. These ligaments resist forward rotation at the upper end
of the sacrum. The sacrospinous and sacrotuberous ligaments
are primarily responsible for resisting the tendency of the lower
end of the sacrum and coccyx to rotate dorsally.

3. FUNCTIONAL CONSIDERATIONS
In sacral resections for tumors, sacral nerve roots may have

to be sacrificed. Intuitively, the resulting deficits (sensory and
motor deficits, urinary and fecal incontinence, and sexual dys-
function) depend primarily on the level and number of nerve
roots that are taken. However, factors that may account for
variations in the functional results after sacral resection include
(1) anatomical variability between subjects, (2) the patient’s pre-
operative neurological status, (3) the surgical technique and
approach used, (4) the nature of postoperative complications,
(5) the amount of follow-up time, and (6) the varied criteria
used to evaluate the neurological deficits. Nevertheless, in a
review of the literature, Biagini et al. (1) found some consistent
correlations between the level of sacral resection and the extent
of postoperative deficits.

Patients with amputations distal to S3 (with removal of the
last sacral roots and the coccygeal plexus) generally have very
limited deficits, with preservation of sphincter function in the
majority and some reduced perineal sensation. Sexual function
may be decreased, however. The highest variability in func-
tional results is seen for transverse resections of S2–S3 (includ-
ing removal of one to all four roots of S2–S3). There is seldom
any relevant motor deficit, however, many patients have saddle
anesthesia and a significant reduction in sphincter control.
Nevertheless, clinical observations by Stener et al. (2) indicate
that functional urinary and fecal continence is generally achiev-
able if at least one S2 nerve root is preserved. Section of the S1
roots or levels proximal to this result in clinically relevant motor
deficits (walking with external support) associated with loss of
sphincter control and sexual ability. Removal of sacral roots
(S1–S5) on only one side, which was studied extensively by
Stener and Gunterburg (3), results in unilateral deficits in
strength and sensitivity, however, sphincter control may be
either preserved or only partially compromised.

No matter the level of resection, damage to the lumbosacral
trunks or sciatic nerves may cause serious postoperative motor
and sensory deficits. Likewise, damage to the parasympathetic
and sympathetic plexus can compromise sexual ability and
sphincter function.

4. INDICATIONS FOR SURGERY
A detailed discussion of the evaluation of patients with lum-

bosacral lesions, the clinicopathological characteristics of spe-
cific tumor types, and the various treatment options for different
tumors is beyond the scope of this chapter. However, a discus-
sion of some of the general indications for surgery is warranted.

Most primary lumbosacral tumors are resistant to radiation
therapy and chemotherapy. En-bloc resection, even if only
marginal, therefore remains the most effective treatment for
long-term disease control and potential cure in these patients.
Primary tumors can be classified on the basis of their biological
behavior as benign tumors, low-grade tumors that are locally
invasive, and high-grade malignancies. Benign encapsulated

tumors may be treated with simple lesional resection. En-bloc
resection that includes a margin of uninvolved tissue is neces-
sary to effect cure for patients with low-grade malignancies,
such as giant cell tumor or chordoma (4,5), and is also indicated
for some patients with localized high-grade malignancies such
as osteogenic sarcoma. However, some very high-grade pri-
mary malignancies may be best managed with radiation therapy
and chemotherapy. Simple intralesional curettage or
cryosurgery for benign and low-grade tumors is generally dis-
couraged because of unacceptably high rates of local recur-
rence (6).

In cases of metastatic tumors, the primary goal is pallia-
tion—namely, to restore or preserve neurological function and
help alleviate pain. The treatment of these patients is highly
individualized and depends on several factors, including the
clinical presentation, tumor type, anticipated radio-sensitivity,
anatomic location of the tumor and extent of any local invasion,
presence of any extraspinal disease, integrity of the spinal col-
umn, and the medical fitness and life expectancy of the patient.
Because the surgical treatment of metastatic lesions is gener-
ally not curative, it is important to consider the effect of treat-
ment on the quality of further survival. General indications for
surgical intervention (including tumor resection and spinal
reconstruction) in patients with metastatic lumbosacral tumors
include (1) radio-resistant tumor, (2) evidence of instability or
bony compression, (3) progressive neurological deterioration,
(4) previous radiation exposure, (5) recurrent tumor, and (6)
uncertain diagnosis. With regard to the latter, the diagnosis of
malignancy can frequently be established on the basis of needle
biopsy findings.

In addition to hematogenous metastases from distal sites,
the sacrum may be invaded locally by tumors arising from the
pelvic viscera. Some patients with adenocarcinoma of the rec-
tum that is adherent to or invading the distal sacrum may ben-
efit from extended abdominoperineal resection, including
sacral amputation. Total pelvic exenteration, including a por-
tion of the sacrum, has been reported for patients with recurrent
anorectal cancer (7). Careful patient selection is paramount in
ensuring a favorable outcome from these aggressive proce-
dures (8).

Patients referred for the resection of primary or metastatic
lumbosacral tumors should be assessed completely for evidence
of local and systemic spread. This may require computed to-
mography of the chest and abdomen as well as a bone scan.
Cystoscopy may be necessary in the assessment of some pelvic
tumors. Cancers of the rectum and pelvic organs must be thor-
oughly staged. Repeated radiographic and clinical staging stud-
ies may be indicated for patients with primary lumbosacral
tumors initially considered inoperable as a result of advanced
local spread of disease, because these patients may become
candidates for surgery following neoadjuvant chemotherapy or
other therapy.

The need for careful patient selection can never be under-
stated. It is important to discuss the operation at length with the
patient before surgery. Wide lumbosacral resections are asso-
ciated with significant morbidity and involve inherent func-
tional consequences with regard to bladder, bowel, and sexual
functions.
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5. PRE-OPERATIVE MANAGEMENT

Appropriate pre-operative planning requires a keen appre-
ciation of the anatomic, biomechanical, and functional aspects
of the lumbosacral region. familiarity with the advantages and
limitations of the different exposures, and a clear sense of the
surgical objective.

Wide sacral resections may be complicated by significant
blood loss. Pre-operative angiographic embolization is a worth-
while consideration, especially for highly vascularized lesions
such as giant cell tumor (9). Good vascular access, including
the placement of large-bore intravenous catheters, is necessary
in order to administer large volumes of fluids and blood. Cen-
tral venous pressure monitoring is almost always needed, a
Swan-Ganz catheter may be warranted in selected patients. We
have generally avoided use of the cell saver because of the
potential for tumor dissemination.

Special attention must be given to preparation of the bowel
before any sacral procedures. The lower extent of posterior
sacral incisions is very near the anus, and, thus, wound con-
tamination is of great concern. With anterior approaches, there
is the risk of inadvertently entering the bowel during the pro-
cedure. A low-residue diet is advisable for several days before
hospitalization. Pre-operatively, mechanical cleaning of the
bowel is carried out using GoLYTELY®. In addition, we gen-
erally administer prophylactic antibiotics, such as second-gen-
eration cephalosporins, both pre-operatively and in the
immediate postoperative period.

6. LUMBOSACRAL POSTEROLATERAL
TRANSPEDICULAR RESECTION

Many medically fit patients with symptomatic L5 or S1
vertebral body tumors are not candidates for radical lumbosac-
ral resections. This group includes patients with metastatic
disease and patients with primary lumbosacral disease that is
locally advanced or associated with extraspinal disease consid-
ered unresponsive to systemic therapy. Although basic onco-
logical principles do not justify wide resection in these patients,
the decompression of tumor ventral to the thecal sac at L5 or S1
may yield symptomatic benefits for some patients. The poste-
rolateral transpedicular approach is useful for ventral tumor
decompression at L5/S1 (10,11). This approach affords satis-
factory tumor decompression, posterior segmental fixation, and
reconstruction of the vertebrectomy defect with polymethyl-
methacrylate (PMMA) all in one procedure. In addition, the
potential for morbidity is less than that associated with anterior
approaches at this level of the spine.

Although Steinman pins may be used to help secure the
PMMA to the vertebral bodies, the senior author has had excel-
lent results with the chest tube technique (10). This technique
involves the placement of a chest tube into the corpectomy
defect, followed by injection of PMMA cement into the tube
through a hole. This provides a well-contained and well-placed
interbody strut. At the L5 level, this method of reconstruction
is essentially no different from that used at other lumbar levels.
However, an S1 reconstruction is somewhat problematic because
the S2 vertebral body has only a small surface area on which to
fix the cement. Even if the polymer is successfully secured to

the rostral and caudal vertebral bodies with the chest tube, the
reliability of the lateral fixation to the alae may be questionable.
These constructs should, therefore, always be supplemented
with posterior segmental fixation (11).

7. SACRAL RESECTION
The exposure of the sacrum is complicated by many factors,

including its location deep within the pelvis, its intimate rela-
tionships with neurovascular structures and pelvic organs, its
lateral iliac articulations, and the dorsal overhang of the iliac
crests (12). In addition, owing to the capacity of the sacral canal
and pelvis to accommodate regional expansion, tumors of the
sacral region may attain enormous dimensions before they are
detected clinically. Because of tumor size and the constraints
posed by regional anatomy, the standard unidirectional approaches
(anterior, posterior, perineal, lateral) are frequently combined in
order to achieve an adequate exposure. Combined approaches
may be performed simultaneously (14,15), performed consecu-
tively under the same anesthetic, or staged. Although a simulta-
neous dorsal and ventral approach to the sacrum can be
performed, in our hands the lateral position makes neither
exposure optimal for midline tumors requiring a high sacral
amputation, we, therefore, favor a staged approach to these
lesions. We reserve the combined simultaneous anterior and
posterior approaches for patients requiring hemisacrectomy and
for exposure of tumors in the region of the sacroiliac joint (see
Subheading 7.1.).

7.1. LATERAL APPROACH FOR RESECTION
AT THE SACROILIAC JOINT

A combined anteroposterior approach to the sacroiliac joint
is useful for the en-bloc resection of malignant tumors that
involve not only the sacroiliac joint but also the lateral sacral
ala and medial iliac wing (16). Chondrosarcoma, for example,
is notorious for its often eccentric location within the sacrum
and typically involves the sacroiliac joint (17).

The patient is placed in the lateral decubitus position for the
procedure. A curved incision is made just above the margin of
the iliac crest, beginning a few centimeters behind the anterior
superior iliac spine. The incision extends to the lumbosacral
junction where it is joined by a posterior midline lumbosacral
incision. The fascia of the abdominal muscles is incised near
the iliac crest, leaving a 1-cm-wide cuff attached to the crest to
later facilitate closure. The iliacus muscle is stripped from the
inner aspect of the iliac wing using a Cobb elevator. Blunt
dissection using a sponge-covered elevator is recommended as
the sacroiliac joint and greater sciatic notch is approached.
Damage to the femoral nerve and major vessels is prevented by
remaining deep to the iliacus muscle. The nearby lumbosacral
trunk, which passes over the pelvic inlet medial to the ventral
surface of the sacroiliac joint, is also at risk during these
maneuvers. Medial retraction of the iliacus and psoas
muscles as well as the overlying viscera completes the ventral
exposure of the sacroiliac joint.

Posteriorly, the attachments of the lumbodorsal fascia and
gluteus maximus are detached from the iliac crest. The gluteus
maximus is raised with a Cobb elevator in a subperiosteal fash-
ion. It is important to proceed with care in the region of the
greater sciatic notch to avoid damage to the sciatic nerve and
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the superior gluteal vessels. The ipsilateral erector spinae
muscles are divided transversely below the level of the sacro-
iliac joint and raised subperiosteally as a lumbosacral flap,
which is retracted laterally and rostrally. Depending on the
extent of tumor, additional posterior exposure may be gained
by transecting the sacrospinous and sacrotuberous ligaments
and the piriformis muscle.

With the superior gluteal vessels mobilized and the neural
structures protected, a Gigli saw is passed through the greater
sciatic notch and the iliac osteotomy is performed. The anterior
structures are retracted medially, and the sacrum is osteotomized
in a posteroanterior direction, beginning just lateral to the upper
three dorsal foramina. Although others have recommend using
a curved osteotome, we prefer to use a high-speed drill to create
sacral osteotomies because it offers better hemostasis and finer
control. A diamond burr does not tend to entrain the adjacent
soft tissues. After completing the osteotomy, the entire speci-
men can be removed en bloc.

Osseous bleeding is controlled with bone wax, and soft tis-
sue hemostasis is obtained. Suction drains are placed within the
resection cavity. The gluteus maximus can sometimes be
reapproximated to the midline fascia. Anteriorly, the closure is
performed in layers. The aponeurosis of the abdominal muscles
is reattached to the soft tissue cuff left on the iliac crest during
the exposure.

7.2. LOW SACRAL AMPUTATION
The techniques of sacral amputation were popularized by

Stener and Gunterberg (2). It must be emphasized that the goal
of these procedures is to achieve an en-bloc resection with a
margin of healthy, uninvolved tissue. In general, sacral ampu-
tation should be carried out one complete segment above the
rostral level of tumor involvement, as determined from pre-
operative imaging studies. Low sacrectomy (S3 or below) is
relatively straightforward because the osteotomy is performed
below the level of the sacroiliac joint and therefore is not inher-
ently destabilizing. Low sacral amputation can be performed as
a single-stage procedure through a combined posterior and
transperineal route, as described by McCarty et al. in 1952 (18).
A staged abdominosacral procedure is required for more com-
plicated cases, such as in patients with recurrent tumor or rectal
involvement.

The patient is placed in a Kraske (flexed prone) position
over padded bolsters to allow the abdomen to hang free and
minimize compression of the inferior vena cava. After careful
skin preparation, draping, and temporary closure of the anal
orifice with a purse-string suture, a midline incision is made
from the region of the lumbosacral junction to the coccyx. The
dorsal exposure should be tailored to incorporate any biopsy
incision as well as the underlying tract. The erector spinae
muscles are usually dissected subperiosteally and retracted
laterally. However, if pre-operative imaging studies show that
the tumor extends dorsally out of the sacrum, a layer of sacrospi-
nalis musculature and fat should be left to cover the involved
regions. Depending on the extent of soft tissue involvement, it
may also be advantageous to transect the gluteus maximus sev-
eral centimeters from its origin, leaving a cuff of gluteal muscu-
lature attached to the sacrum laterally. The lateral sacrococcygeal

attachments including the sacrotuberous and sacrospinous liga-
ments and the coccygeal and piriform muscles are then identi-
fied and transected close to their insertions. The pudendal and
sciatic nerves as well as the gluteal arteries are carefully iden-
tified and preserved. The inferior edge of the sacroiliac joint is
cleared of soft tissue using a Cobb elevator.

Division of the anococcygeal ligament allows entry into the
presacral space. The rectum is gently mobilized away from the
tumor surface by blunt-finger dissection. A limited sacral lami-
nectomy, immediately rostral to the level of intended amputa-
tion, allows direct visualization of the nerve roots. For example,
if the intent is to amputate the sacrum at the S2–S3 level with
preservation of the third sacral nerve roots, a laminectomy from
S1 to S3 is performed. The filum terminale externa is transected
and the nerve roots below S3 are doubly ligated and transected
within the sacral canal. The roots are also divided just distal to
their exit from the ventral sacral foramina. An osteotomy of the
sacral body is then performed using a high-speed drill with a
diamond burr. The pelvic structures are protected during the
osteotomy by keeping a finger in the presacral space. This
maneuver also provides tactile sensation to help guide the
osteotomy. The coccyx is included with the specimen.

Excellent hemostasis is essential because wide sacral resec-
tion results in a large cavity with the potential for postoperative
hematoma or seroma formation. Suction drains are placed, and
the wound is reapproximated in a layered fashion. Local soft-
tissue flaps may be necessary to fill the defect and to facilitate
a tensionless closure. Finally, the rectal purse-string suture is
released.

7.3. HIGH SACRAL AMPUTATION
High (above S3) sacral amputation utilizing a staged ventral

and dorsal approach was initially reported by Bowers in 1948
(19). The authors favor staged rather than combined exposure,
as discussed previously. This technique is very similar to that
described by Stener and Gunterberg (2) (Fig. 1). The use of a
transpelvic vertical rectus abdominis myocutaneous (VRAM)
flap for the reconstruction of large sacral defects has significantly
reduced problems with wound breakdown in our patients (20).

The first stage is the transabdominal exposure, for which the
patient is positioned supine. A midline celiotomy is performed.
The abdomen contents are initially inspected to confirm the
resectability of the tumor and to ensure that there are no other
intra-abdominal masses that would preclude curative resec-
tion. The bowel is packed off, and the ureters and internal iliac
vessels are identified and dissected free. Moistened umbilical
tapes are loosely applied to secure the common iliac arteries
and veins. The common iliac vessels must be completely
mobilized. The internal iliac vessels as well as the anterior
and lateral sacral vessels are all identified, ligated, and
transected. Although the sacrum is somewhat devascularized
by transection of the vessels, hemostasis of the robust presacral
venous plexus is often difficult. If the rectum is to be spared, the
retrorectal peritoneal reflection is incised, and the rectosig-
moid colon is dissected away from the tumor capsule. The
tumor is exposed carefully so that as much normal fatty pre-
sacral tissue as possible is included with the specimen.

The ventral sacral foramina serve as the best landmarks to
guide the ventral sacral osteotomy, although the level may also
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Fig. 1. Operative fields during total sacrectomy. (A) Ventral view after median celiotomy. The internal iliac vessels are ligated and the common
iliac vessels are mobilized to provide a clear view of the L5–S1 disc space and the lumbosacral trunks. (B) Ventral view with the vessels
removed. The nerve roots at S1–S3 are transected laterally and sacroiliac osteotomies are performed. (C) Ventral view of the abdominal wall.
The vertical rectus abdominis myocutaneous flap is harvested based on the inferior epigastric vessels. (D) Dorsal view with the patient placed
in the flexed-prone position (second stage). An L5 laminectomy, bilateral L5–S1 foraminotomies, an L5–S1 discectomy, and bilateral dorsal
sacroiliac osteotomies are performed. The thecal sac is ligated distal to the takeoff of the L5 nerve roots bilaterally. (E) Dorsal view following
total sacrectomy. The lumbar trunks and sciatic nerves are preserved. The cut ends of the sacrotuberous and sacrospinous ligaments are
depicted. The dorsal rectal wall is visualized. (F) Dorsal view after reconstruction and stabilization. Pedicle screws at L3–L5 are attached to
rods embedded between the cortices of the remaining ilia as per the Galveston technique. A threaded transiliac rod is placed ventral to the
Galveston rods but dorsal to the lumbar trunk. A tibial allograft bridges the defect between the remaining ilia. (Reproduced with permission
from ref. 23.)
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be confirmed using intra-operative radiography or fluoroscopy.
At approximately one sacral level above the region of the
planned osteotomy, the periosteum is incised transversely and
reflected downward. The sympathetic trunks are unavoidably
transected with this maneuver, along with the hypogastric
plexus in the case of very high sacral amputations. If the planned
osteotomy incorporates any of the ventral sacral foramina, the
sacral nerves exiting at that level are first dissected out and pre-
served. It is not possible to spare any sacral nerves if the osteotomy
must cross the body of S1 above the foramina. The sacral alae
are dissected laterally, and the lumbosacral nerve trunks are
exposed and freed. The nerve trunks are mobilized laterally
during the osteotomy.

The anterior osteotomy only incises the anterior cortical
bone and should not go deep enough to damage the dural con-
tents. We prefer to use a high-speed drill with a diamond burr
rather than an osteotome. The osteotomy proceeds inferolaterally
to incorporate a small portion of the sacroiliac joints and ante-
rior ilium. It is important to be able to feel the lateral extent of
the anterior osteotomy through the sciatic notch as a guide
during the posterior osteotomy.

If the rectum is to be included with the specimen, the supe-
rior rectal vessels are identified and ligated and the rectosig-
moid junction is mobilized in preparation for division with a
mechanical stapler. The bowel is transected, and the middle
rectal vessels are ligated. The stapled stumps of bowel may be
oversewn to decrease the risk of wound soilage. When the tumor
involves other pelvic organs or the endopelvic fascia, pelvic
excenteration is required if the surgery is to be curative.

A Silastic sheet may be placed into the plane of dissection
between the sacral specimen with its associated presacral mass,
and the ventral structures, including the iliac vessels, ureters,
and sacral plexi. The VRAM flap, which is based on the inferior
epigastric vessels, is harvested and secured within the pelvis
until it is needed for the posterior closure. The anterior abdomi-
nal wall is closed in the standard fashion.

We previously preferred to stage these complex procedures
on separate days. However, performing the two stages sequen-
tially under the same anesthetic has several advantages. During
the anterior procedure, the distal gastrointestinal tract is dener-
vated, resulting in a consistent postoperative ileus. As a result,
the second stage was previously delayed for 10 to 14 d. Because
of concerns about maintaining flap viability during this pro-
longed interval, the VRAM flap was not harvested until the
beginning of the second stage. Thus, the celiotomy incision had
to be reopened with the patient in the supine position before we
could proceed with the posterior approach. With more experi-
ence, we can now complete the entire operation (both the ante-
rior and posterior stages) in 12 to 14 h.

The second stage begins with the patient in the Kraske
(flexed prone) position on padded bolsters. The abdomen
should be allowed to hang free. The anal orifice is temporarily
closed with a purse-string suture. A midline incision is created
from the tip of the coccyx to the lower lumbar level. If the
rectum is to be included with the resection, the caudal end of the
incision also involves a circumferential incision about the anus.
Any skin and underlying soft tissue that are involved by tumor

or may be seeded with tumor cells as a consequence of a
percutaneous biopsy should be incorporated with the speci-
men en bloc. Mobilizing the lumbosacral fascia and muscles
rostrally rather than laterally permits a wide lateral and caudal
exposure without causing ischemic damage and retractor-
related muscular injury (Fig. 2).

Lateral flaps are elevated to expose the iliac crest. The gluteus
maximus is transected while leaving a cuff of tissue attached to
the sacrum. The underlying piriform muscles are also divided
bilaterally. The superior and inferior gluteal vessels and the
sciatic, pudendal, and posterior cutaneous femoral nerves
should be identified and protected. If the resection is to spare
the rectum, the anococcygeal ligament is divided and the sac-
rotuberous and sacrospinous ligaments as well as the coc-
cygeal muscles are divided. If the rectum is to be included, the
levator musculature is divided and the anus is freed
circumferentially.

A wide L5 and upper sacral laminectomy is completed to
expose the dural sac. The dural sac is doubly ligated and
transected just below the exit of the last nerve root to be pre-
served. The floor of the sacral canal can thus be exposed for the
dorsoventral osteotomy.

The ventral osteotomy cuts are palpated by introducing a
finger presacrally via the perineal exposure, allowing the dor-
sal osteotomy to be guided tactilely. The osteotomy is per-
formed in two stages, each beginning in the midline and
extending through the lateral sacroiliac joint to exit at the greater
sacroiliac notch. Once the specimen is freed, the sacral roots,
which have already been sacrificed within the spinal canal, are
divided just proximal to their connections with the sciatic nerve.
Hemostasis is achieved with bone wax and electrocautery. The
gluteal muscles may be re-approximated to each other or to
bone. Suction drains are placed deep in the wound and tunneled
to remote exit sites. The large sacral defect is closed using the
VRAM flap, which is retrieved from the pelvis and sutured into
place in a layered fashion. As an alternative, a microvascular
free flap reconstruction may be performed. Free flap recon-
struction is challenging in the sacral area because it is difficult
to access adequate recipient vessels (21). Gluteal rotation flaps
are not a reliable option (20).

If the rectum has been spared, the anal purse-string suture is
removed. Patients with rectal resections are again turned to the
supine position, and the celiotomy is reopened. Omental graft-
ing of peritoneal defects may be required and a colostomy is
completed. Lumbosacral reconstruction and stabilization is
performed in the majority of cases (see Subheading 7.6.).

7.4. HEMISACRECTOMY
Hemisacrectomy generally involves unilateral removal of

the sacroiliac joint and a portion of the ilium along with the
hemisacrum. It may be performed as part of a more extensive
internal or external hemipelvectomy (22). The approach involves
combined simultaneous retroperitoneal and posterior exposures
with the patient in the lateral decubitus position. Dorsal and
ventral osteotomies can thus be performed under direct vision.
Resection of all the sacral nerves on one side results in expected
deficits in sensitivity and strength, however, sphincter function
may be normal or only partially compromised (2).



CHAPTER 32 / LUMBOSACRAL RESECTION AND RECONSTRUCTION 271

Fig. 2. Posterior exposure of the sacrum, medial ilium and lumbar spine may be obtained by lifting a lumbosacral/muscular flap off the sacrum
and retracting it cephalad and laterally. Inset: The dashed line represents the posterior incision (Reproduced with permission from ref. 11.)

7.5. TOTAL SACRECTOMY
Few cases of total sacrectomy have been reported in the

literature (23,24). Although it is not possible to spare any of the
sacral roots during this procedure, careful preservation of the
L4 and L5 nerve roots allows patients to ambulate postopera-
tively. Urinary bladder, rectosigmoid colon, and sexual func-
tions are markedly altered, although manageable with
rehabilitation.

The technique is essentially the same as that described for
high sacral amputation, with some exceptions (Figs. 1 and 3).
In the anterior approach, bilateral ventral osteotomies are per-
formed along the entire length of the sacroiliac joints with the

lumbar nerve roots and lumbosacral trunks protected medially.
Instead of a transverse osteotomy through the upper sacrum, a
complete L5–S1 discectomy is performed. Finally, the S1–S3
ventral nerve roots are transected at their foramina, if they can
be visualized. During the second stage of the procedure, an L5
laminectomy and bilateral L5–S1 foraminotomies are done to
expose the L5 nerve roots, which are preserved. The posterior
aspect of the iliac crests are removed with Leksell rongeurs,
and a high-speed drill is used to complete the sacroiliac os-
teotomies from the posterior approach. The thecal sac is then
ligated below the level of the L5 nerve roots, and the L5–S1
discectomy is completed. The sciatic notches are exposed bilat-
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erally, and the S1–S5 roots are transected. Following division
of the posterior ligamentous attachments, the sacrum can be
removed en bloc. Lumboilial fixation is performed using a
modification of the Galveston rod technique (see Subheading
7.7.2.). As described for high sacral amputation, resection of
the rectum may be incorporated into the procedure, and the
VRAM flap is routinely used to close the sacral defect.

7.6. LUMBOSACRAL RECONSTRUCTION
AND STABILIZATION

In the resection of sacral tumors, spinopelvic stability is not
greatly affected if the sacroiliac joints are left intact (2,25).
Although the sacrospinous and sacrotuberous ligaments are
often transected in lower sacral amputations, the strong dorsal
ligamentous complex confers stability. Gunterberg et al. (25)
evaluated pelvic strength after major amputations of the sacrum.
Fifteen cadaver pelvises were loaded to failure: five unresected,
five after resection of the sacrum between S1 and S2, and five
after resection about 1 cm below the promontory. In these dis-
sections, the second group (resections between S1 and S2) had
approximately one-third of the sacroiliac joint and the associ-
ated ligamentous structures resected. The third group (resec-
tion below the promontory) had approximately one-half of the
sacroiliac joint and ligamentous structures removed. Weaken-
ing of the pelvic ring amounted to approx 30% in the second

group and 50% in the third group. In all of these experiments, the
load to failure far exceeded physiological loads. The authors
therefore concluded that weight-bearing was safe for patients
after sacral resection, as long as 50% or more of the sacroiliac
joint (corresponding to at least the upper half of the S1 seg-
ment) remained intact. Clinical reports have supported these
conclusions (26–28). Some partial sacrectomies may involve
resection of a sacroiliac joint on only one side. Although such
resections can be performed successfully without reconstruc-
tion, the patient may experience pain from proximal migration
of the pelvis. We believe that some form of fixation is required
in most of these cases, unless the contralateral joint is com-
pletely intact and there is no anterior pelvic deficiency (29).
Total sacrectomy results in complete dissociation of the spine
from the pelvis and requires complex iliolumbar reconstruction
for adequate mechanical support to preserve satisfactory walk-
ing ability (11,23).

7.7. LUMBOSACRAL AND SPINOPELVIC FIXATION
SYSTEMS

7.7.1.Sublaminar Devices, Hooks, Screws, Screw Plates,
Intrasacral Rods, and Iliac Screw Fixation

Some of the earliest instrumentation methods for achieving
fixation to the pelvis involved sublaminar wires or cables.
However, the sacral laminae are often thin and inadequate to

Fig. 3. Pre-operative computed tomography (CT) scan (A) and sagittal magnetic resonance imaging (B) reveal a sacral chordoma. (Lower Left)
Hemisection of the gross pathological specimen (C) demonstrates complete en-bloc resection of the sacrum. Postoperative anteroposterior (D)
and lateral (E) radiographs show the modified Galveston rod construct with lumbar pedicle screws, cross-links, the tibial allograft, and the
transiliac threaded rod. (Reproduced with permission from ref. 11.)
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accommodate sublaminar devices. Luque (30) described a rod-
sublaminar wire construct that involved driving the distal rods
through the pelvic wings with a bicortical purchase. However,
this method of fixation does not provide substantial resistance
to extension or torsional loads. Fusion rates similar to those
achieved without internal fixation have been reported.
Sublaminar fixation in the lumbosacropelvic region has there-
fore been largely abandoned (31).

Distraction instrumentation across the lumbosacral junction
using hooks, such as with Harrington and Knodt rods, often
results in poor fixation on weak sacral laminae. Although the
sacral laminae are usually not strong enough to accommodate
a compression hook, devices involving compression hooks
distal to S1 screws have strength similar to that of intrasacral
rods (32).

Screws provide rigid stabilization and can be used for short-
segment fixation across the lumbosacral junction. In a recent
review of 100 consecutive procedures involving pedicle screw
fixation for the management of malignant spinal tumors, the
rate of screw-related late instrumentation failure was only 2%
(33). The S1 pedicle is larger than the lumbar pedicles and often
can be fitted with 7- to 8-mm screws. Additional bony purchase
can be obtained if the screw penetrates the anterior S1 cortex or
the superior end plate of S1. Medially directed S1 pedicle
screws that are cross-linked and attached to rods create a trian-
gulation effect, which greatly increases torsional stability and
resists pullout (34–37). Triangulation with an oblique orienta-
tion also interferes less with the superjacent facet joint and
allows more purchase with a longer screw (38).

A method to enhance sacral fixation with screws is to place
an additional pair of laterally directed bone screws into the
sacral alae below the S1 level. This has a biomechanical advan-
tage over a single pair of S1 pedicle screws (35), however, the
bone of the ala is usually of low density, and purchase may be
tenuous (32). Moreover, the risk of neurovascular injury from
laterally directed screws in this region must be kept in mind.

Screw-plate devices such as the Tacoma plate (Sofamor-
Danek, Memphis, TN) permit the insertion of multiple sacral
screws and may be easily attached to the proximal lumbar com-
ponent of the instrumentation. These plates provide a template
for the insertion of laterally directed alar screws after place-
ment of the S1 pedicle screws.

S2 (or lower level) pedicle screws are often of little use
because the pedicles are very short. Biomechanical testing has
shown that pedicle screws placed below the S1 level do not
significantly enhance stability (35). In addition, the thin sagit-
tal dimension of the sacrum at lower levels increases the risk of
penetration of its ventral surface, with a potential for injury to
the adjacent vascular and visceral structures. Screws at lower
sacral levels are often prominent dorsally and may even tent the
overlying skin.

Sacral screw fixation may be sufficient for cases in which
the fixation length is short (one or two levels) and there is
minimal instability. If a long construct is placed, the sacral
attachment is subjected to large cantilevered forces that may
lead to screw pullout. Finally, the use of sacral screws may be
precluded in certain cases, such as when the pedicles, body, or
ala of the sacrum is involved with tumor.

A method to supplement sacral fixation has been devised
that involves inserting rods into the lateral sacral bony masses
distal to their connections with S1 pedicle screws (39). These
intrasacral rods provide fixation at a significant distance from
the axis of rotation of the lumbosacral junction, thereby increas-
ing the ability of the construct to resist flexion moments. The use
of intrasacral rods also permits longer lever arms without hav-
ing to cross the sacroiliac joint and involve the iliac crest.
Obviously, this method cannot be used if the lateral sacral bony
masses have been resected or are weakened by neoplastic disease.

A simple method of sacropelvic fixation involves the place-
ment of long, variable-angle bone screws obliquely across the
sacroiliac joint into the iliac bones. A tripod effect may be
gained by combining the sacroiliac fixation with additional
sacral fixation points (40). Although this technique is relatively
simple to perform, its disadvantages include those related to the
placement of pedicle screws caudal to the S1 segment, as pre-
viously described.

7.7.2. Galveston Fixation
Allen and Ferguson (41) from Galveston, TX, were the first

to describe a technique involving the insertion of an angled
distal limb of a spinal fixation rod into the posterior iliac bones,
just above the sciatic notch. Although the Galveston technique
originally involved segmental spinal fixation using sublaminar
techniques, we have employed lumbar pedicle screw fixation
(23). In addition, we place cross-links between the rods (Fig. 4).

The Galveston technique has become the benchmark for
other spinopelvic fixation systems, however, the custom bend-
ing and insertion of the rod requires some technical skill to
achieve the correct position with the rod remaining
intracortical. Tube benders are used to create an initial sacro-
iliac bend of approx 60º, and then a table vice is used to stabilize
the distal ilial segment of the rod while an approx 110º lum-
bosacral bend is created (Fig. 5). Preformed rods are also avail-
able. Another option are iliac screws (ISOLA iliac screws,
Depuy, Raynham, MA), which can be placed independently of
the spinal rod, with the two subsequently linked together.

In the biomechanical testing of 10 different lumbosacral
instrumentation techniques in a bovine model, McCord et al.
(35). found that the most effective construct entailed medially
directed S1 pedicle screws and an iliac purchase in the
Galveston-type fashion. The key structural element of this
construct is mostly related to the resistance to flexion con-
ferred by the anterior purchase obtained with iliac rods
wedged between the hard cortical bone above the sciatic notch.

McCord et al. (35) explained the key to the strength of the
Galveston construct by introducing the concept of the lum-
bosacral “pivot point.” This point is located at the intersection
of the osteoligamentous column in the sagittal plane and the
lumbosacral intervertebral disc in the transverse plane. It repre-
sents the axis of rotation at the lumbosacral junction. The iliac
rod in the Galveston technique extends anterior to the lumbosac-
ral pivot point, providing a long lever arm within the ilium to
counteract flexion moments exerted by the lumbar spine.

A concern about the Galveston technique is the theoretical
problem of the instrumentation crossing the unfused sacroiliac
joint. Cadaveric studies have revealed that autofusion of this
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Fig. 4. Reconstructed sagittal computed tomography image (A) and sagittal magnetic resonance imaging (B) reveals metastatic renal cell
carcinoma of S1 and an associated pathological fracture in a patient who presented with pain due to instability. Galveston stabilization was
performed, as seen in the postoperative anteroposterior (C) and lateral (D) radiographs.

joint occurs in 75% of adults aged 50 yr or older (42). In addi-
tion, we have not found fixation across the sacroiliac joint to be
a problem in our series (11) or in other series (43,44). Another
reported disadvantage is that the rods lie within cancellous
bone, any change in the orientation of the rods after the iliac
limb has been implanted creates a small void in the bone with
the potential for loosening. A 2- to 3-mm lucency around the
iliac portion of the rod is often visible on X-ray studies, how-
ever, in our experience, this finding alone does not indicate
construct failure or pseudoarthrosis.

7.8. RECONSTRUCTION FOLLOWING TOTAL
SACRECTOMY

Total sacrectomy results in complete spinopelvic dissocia-
tion and requires technically challenging reconstructive tech-
niques. A number of different constructs for reconstruction
following total sacrectomy have been described in the litera-

ture. Some of the more frequently used methods involve the
placement of transverse sacral bars (45,46) or Steinmann pins
(47,48) to connect the posterior iliac wings. Sometimes, these
bars are placed through the L5 vertebral body (45). These devices
may then be connected to the spinal instrumentation, such as
Harrington rods (45) or Cotrel-Dubousset rods (46–48). Mas-
sive bone grafting from the posterolateral aspects of the distal
lumbar segments to the iliac wings bilaterally is performed.
The major disadvantage of these constructs relates to the soft
bone of the posterior ilium, which does not provide firm fixa-
tion. Additionally, these methods provide poor rotational sta-
bility (47). The hook-and-rod systems used may accidentally
disengage from the transverse sacral bars or Steinmann pins.

An alternative form of reconstruction for large sacral defects
is the implantation of a prosthesis (49). A custom-made device
is required to fit the individual shape of the pelvis and accom-
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Fig. 5. The modified Galveston rod technique of lumboilial stabilization. (A) A 6-mm titanium rod is directed between the two cortices of the
ilium to a depth of 6 to 9 cm to reach a point 1.5 cm above the sciatic notch. This temporary rod is used to create a path for the contoured rod.
A 6-mm titanium rod is then contoured to match the template rod (wire) (B1). Tube benders are used to create the 60º sacroiliac bend (B2).
A table vice is used to stabilize the sacral and iliac segments of the rod while a 110º bend is created between the lumbar and sacral segment
(B3). Finally, the Galveston rod is tapped into the ilium and attached to the lumbar pedicle screws (C). Cross-links are placed between the rods.
(Reproduced with permission from ref. 11.)
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modate for the amount of resection performed. The major dis-
advantage of a custom-made prosthesis is that it is impossible
to make adjustments during surgery.

In cases requiring total sacrectomy, we supplement the
Galveston technique by placing a threaded transiliac rod to
resist axial rotation of the lumboiliac union (Fig. 1). This
threaded rod helps reconstruct the pelvic ring, thereby prevent-
ing the open-book phenomenon. The rod is placed more ante-
riorly on the ilium, which avoids the slippage associated with
anchorage into the softer posterior ilium. Locking collars are
placed to prevent lateral migration of the rod. An alternative to
the threaded rod (although the authors have not used this) is to
place a large pelvic reconstruction plate, with pedicle screws at
the fifth lumbar vertebra going through the plate and bicortical
screws securing the plate to each iliac wing (24).

Extensive bone grafting is essential to obtain a fusion. In
addition to placing autogenous and allogenic corticocancellous
bone extending from the transverse processes to the ilium bilat-
erally, the authors place a tibial allogenic strut graft to close the
space between the two ilia and help facilitate fusion of the
entire defect (Fig. 1).

After surgery, the patient remains in bed for 6 to 8 wk in
order to allow at least a fibrous union of the reconstruction
before the patient is mobilized. Although bone fusion takes a
minimum of 6 mo, this fibrous union may be quite effective at
providing enough structural support for ambulation. A
thoracolumbosacral orthosis may be used for the first 6 mo after
total sacrectomy, but may not be necessary in all cases.

In the authors’ series of 13 patients who underwent
Galveston fixation following the resection of metastatic or
locally aggressive neoplasms of the lumbosacral region (11),
including 5 patients who required total sacrectomy, solid bone
fusion was achieved in 4 (31%) and partial or unilateral fusion
in 3 (23%). Five patients (38%) had no convincing evidence of
fusion on radiographic studies. Because three of these five
patients improved clinically, a satisfactory fibrous union may
have occurred. Radiation therapy, chemotherapy, and neoplas-
tic disease processes may have contributed to the lack of bony
fusion in some patients. Only one hardware-related complica-
tion occurred: the rods fractured bilaterally at the transition
point between the lumbar and sacral segments in one patient.
This was corrected with double iliolumbar rod fixation.
Ambulatory status improved in 62% (eight patients), and
spine-related pain, as reflected by visual analog pain scores
and medication consumption, was significantly reduced in 85%
of our patients.

7.9. POSTOPERATIVE CARE
Patients undergoing major lumbosacral resections are man-

aged in an intensive care unit postoperatively. Because a sig-
nificant amount of blood is often lost during these procedures,
ongoing assessment of fluid and blood product requirements is
essential. Nursing the patient on an air bed helps prevent wound
breakdown and decubitus ulcers. The wound should be observed
closely for the development of infection, hematoma, or seroma.
Antibiotics are continued until all suction drains have been
removed from the wound. Pneumatic compression devices
applied to the lower extremities and/or small intermittent doses

of subcutaneous heparin are important for the prevention of
deep vein thrombosis. Denervation of the distal gastrointesti-
nal tract during high sacral resections almost uniformly results
in a significant postoperative ileus, with some patients requir-
ing intravenous nutrition for a prolonged period.

Patients are mobilized as soon as possible, depending on
functional reserve and the perceived stability of the dorsal pel-
vic ring. The input of rehabilitation physicians is essential for
patients who undergo aggressive sacral resections. Progressive
independence with walking, competence with intermittent cath-
eterization, and management of fecal incontinence are some of
the goals of rehabilitative therapy. The input of psychosexual
counselors and reproductive health specialists may be valuable
with regard to sexual function issues.

7.10. PITFALLS AND COMPLICATIONS
The highest incidence of wound infection in patients who

undergo complex spinopelvic fixation is seen those who receive
pre-operative radiation therapy. The authors routinely use soft
tissue reconstructive techniques such as the transpelvic VRAM
flap or a microvascular free flap to help reduce the risk of wound
complications for patients who require high sacral resection or
total sacrectomy.

Early failure of the lumbosacral instrumentation (i.e., within
6–12 wk) is usually owing to screw pullout. This is most com-
monly caused by repetitive stress at the bone-metal interface.
If hook-and-rod systems are used, early failure may result from
laminar fracture. Early failure of the construct may be pre-
vented by the use of multiple sites of fixation in order to best
distribute the forces at the bone-implant junction. In some cases,
early loosening of the instrumentation may not prevent solid
bony fusion, however, close radiological follow-up is required.
Delaying revision surgery is reasonable until it is certain that it
is required to achieve an acceptable result.

Reoperation is recommended if evidence of progressive
deformity or painful pseudoarthrosis is observed. Revision
surgery should address the cause for failure. For example, metal
fatigue fracture suggests poor load sharing in the original con-
struct, and new fixation points may need to be added. Screw
pullout suggests the need for larger-diameter or longer bone
screws to obtain a solid bony purchase on additional cortices.
PMMA may enhance screw fixation in the setting of poor-
quality bone. Finally, a more complex construct, such as the
Galveston technique, may be required.

Surgery for failed spinal fixation should always involve
additional bone grafting, preferably with autologous bone.
Interbody fusion may be done to augment the dorsolateral fusion
in some cases. No rigid ventral stabilizing device can be easily
applied to the sacrum, although interbody grafts (allogenic or
autogenic), cages, and techniques using PMMA (11) may be
applied at the lumbosacral junction.
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1. INTRODUCTION

Spine tumors can be classified by their relation to the spinal
canal and its coverings. Tumors can arise from the different
tissue types around the spinal column, such as neural tissue,
meningeal tissue, bone, and cartilage. Furthermore, distant
primary tumors can metastasize to the spine by hematogenous
or lymphatic routes. Both benign and malignant tumors may
occur in either location and at any level of the spine.

Spine tumors can occur inside the spinal cord. These are
termed intramedullary tumors (e.g., astrocytoma, ependy-
moma, hemangioblastoma). They may occur within the
meninges and are termed intradural extramedullary tumors
(e.g., schwannoma, meningioma). They can also arise between
the meninges and the bony confines of the spine and are termed
extradural (e.g., primary and secondary tumors). The most
common tumors that metastasize to the spine are tumors of the
lung, breast, prostate, kidney, lymphoma, melanoma, and gas-
trointestinal tract (1,2).

The clinical presentation of spinal canal tumors depends on
their location, type, growth pattern, and the biological behav-
ior. They may considerably affect the activities of daily living
of the patient, and appropriate treatment should be offered. The
treatment varies from conservative to aggressive depending on
the characteristic of the tumor, the location of the tumor, and on
the clinical presentation. In this chapter, the surgical treatment of
spine tumors, especially on the indications, surgical approaches,
and complications, are specifically addressed.

2. METASTATIC EPIDURAL TUMORS

The spine constitutes the most common site of skeletal
metastases (3). Sixty percent of all spinal metastasis are sec-

ondary to breast, lung, prostate carcinomas, myeloma, and lym-
phoma (4). A spinal metastasis is found in as many as 70 to 90%
of patients dying of cancer (5,6). Ten percent of the patients
presenting with symptomatic spinal metastasis have an unknown
primary (7). Tumors are multiple in 10 to 40 % of cases (8). The
most common site of the disease is the thoracic spine (70%),
followed by the lumbar spine (20%), and the cervical spine
(10%) (8).

2.1. SURGICAL CONSIDERATIONS
The primary goal of the treatment in patients with metastatic

disease is to improve their quality of life by providing pain
relief, maintaining or ameliorating neurological function, and
by restoring structural integrity of the spinal column (3,9). Sta-
bilization of the spine is often necessary for extensive lesions,
because they may cause spinal instability as they erode through
the normal bony structures.

By taking into consideration the general medical condition,
histology of the primary tumor, and the extent of the metastatic
disease, the indications for surgical intervention can be deter-
mined. They include: the presence of spinal instability, neuro-
logical compression owing to tumor or compression fracture
failure to respond to radiation therapy, radio-resistant tumor,
unknown primary tumor, and recurrence after surgical decom-
pression or maximal radiation therapy. Relative contrain-
dications include: poor medical condition, complete paralysis
greater than 24 h, a life expectancy less than 4 mo, radio-
sensitive tumor (e.g., multiple myeloma, plasmocytoma, lym-
phoma), and the presence of extensive lesions throughout the
entire spine (9–12).

2.2. SURGICAL TECHNIQUES
In choosing the optimal surgical approach, the surgeon must

take into account multiple factors, including the location of the
tumor, the extent of the disease, the presence of instability, the
vascularity of the tumor, and the patient general condition. In
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general, the location of epidural compression should dictate the
approach for decompression (3).

In the rare cases, in which the compression is only located
dorsal to the spinal cord, a decompressive laminectomy can be
done for resection of the epidural tumor. Laminectomy alone
can increase the instability and result in neurological injury
when the pathology is ventral to the spinal cord or when the
vertebral body collapse is present (10,13). If the pathology is
ventral or ventrolateral to the spinal cord (Figs. 1 and 2) and
ventral (e.g., ventral cervical, transthoracic, retroperitoneal,
transabdominal) or a dorsolateral approach and spinal recon-
struction (e.g., costotransversectomy, transpedicular) can be
done for tumor resection and instrumentation (9, 14–17). In
general, a ventral and dorsal stabilization may be necessary
when both ventral and dorsal elements are disrupted (18,19).
Pre-operative embolization should be considered if the metasta-
sis originates from a renal cell or thyroid carcinoma, because
these lesions are notoriously vascular (20).

2.3. SURGICAL COMPLICATIONS
The most important factor affecting prognosis of patients

with epidural metastasis is the ability to ambulate at the time of
initiation of treatment. Among the ambulatory patients, 60 to
80% retain the ability to walk after treatment, whereas among
the paraparetic patients, 35% become ambulatory, and among

the paraplegics, 0 to 25% recover ambulation (1,12,21,22). The
presence of sphincter disturbances is a poor prognostic factor
and is usually irreversible (12). Rapid onset of neurological
deficit also results in a suboptimal postoperative outcome (9).

3. INTRADURAL EXTRAMEDULLARY TUMORS

Intradural extramedullary masses arise from inside the dura
mater, but outside the spinal cord. The most common intradural
extramedullary tumors are meningiomas and nerve sheath
tumors (schwannomas and neurofibromas) (Fig. 3). Tumors
that arise from within the dura mater are rarely metastatic and
usually slow growing. Meningiomas, which arise from arach-
noid cluster cells located at exit zones of nerve roots, are usu-
ally benign, but may be malignant. These tumors are more
common in middle-aged and elderly women. Nerve sheath
tumors arise from the nerve roots. This type of tumor is usu-
ally benign and slow-growing, and well circumscribed. In fact,
it may be years before any neurological signs present (2).

3.1. SURGICAL CONSIDERATIONS
The treatment for most intradural extramedullary tumors is

complete surgical excision. The goal is total removal of the
tumor with preservation of neurological function. Most nerve
sheath tumors, which arise from the dorsal nerve roots, are
dorsal or dorsolateral to the spinal cord, whereas meningiomas

Fig. 1. Magnetic resonance imaging (T1 sagittal T1-weighted im-
ages) of a 43-yr-old female with a hypointense lesion at T9 and T10
owing to a metastasis of a breast carcinoma. Note spinal cord com-
pression, the collapse of the vertebral body of T10, as well as the
kyphotic deformity.

Fig. 2. The patient underwent a retropleural thoracotomy and T9 and
T10 corpectomy. An expandable cage was put to restore the anterior
column support followed by a fusion instrumentation from T5 down
to L1.
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are predominantly located ventrally or ventrolaterally. The lat-
ter pose more of a surgical challenge. In most cases, com-
plete surgical resection is feasible with good functional
outcome (23).

3.2. SURGICAL TECHNIQUES
Surgical exposure should encompass the tumor with some

rostral and caudal margins to allow for adequate visualization.
When the lesion is located dorsally (schwannoma), a laminec-
tomy and midline durotomy is necessary and the removal of the
tumor can be accomplished with the use of an ultrasonic aspi-
rator after opening the arachnoid. It is important to remain
within the arachnoid plane to prevent violating the spinal cord.
A foraminotomy may be performed if transforamminal exten-
sion is present. It is necessary to identify and divide the proxi-
mal and distal nerve root (the origins of the tumor). To remove
the tumor, it is often necessary to sacrifice the nerve root of
origin (thoracic spine) (23,24).

Dumbell tumors with significant extension into the
paraspinal region may require a combined approach. A dorsal
approach may precede a thoracotomy (thoracic lesions) or a
retroperitoneal approach (lumbar lesions) (25).

When the lesion is situated ventrally or ventrolaterally (men-
ingioma), it is frequently necessary to perform a unilateral
medial facetectomy, in addition to a laminectomy. A costo-
transversectomy or a lateral extracavitary approach can be
performed to maximize the exposure and to attain a complete
resection (24–26)). The dura mater is opened and tacked later-
ally to maximize the exposure. The arachnoid is opened and
dissected off the tumor and adjacent spinal cord. The resection
involves gradual debulking along the lateral aspect of the spinal
canal. An ultrasonic aspirator may be useful here. It is usually
possible to delineate an arachnoid plain and separate the tumor
from the spinal cord. The ultimate surgical goal is to excise the
tumor with minimal spinal cord manipulation. Thus, it is often

necessary to sacrifice one or more nerve roots. It is advisable to
perform a complete removal of the dural origin in the case of a
meningioma in order to complete the resection. A measure of
safety may be added by utilizing a microscope and intra-opera-
tive neurophysiological monitoring (23).

3.3. COMPLICATIONS
Recurrences are rare after complete surgical resection. The

rate of clinical recurrences after subtotal removal is 50%. There-
fore, patients should be followed with a serial magnetic reso-
nance imaging (MRI) (27). Surgical results are usually excellent
and the outcome is related to the patient’s pre-operative neuro-
logical status, age, and duration of symptoms (23). The poten-
tial postoperative complications include wound infection,
meningitis, arachnoiditis, cerebrospinal fluid fistula, spinal
destabilization, and other medical complications (28,29).

4. INTRAMEDULLARY TUMORS

Intramedullary tumors arise within the substance of the spi-
nal cord. They represent aprrox 4% of central nervous system
neoplasms (30). Primary glial tumors (e.g., astrocytomas,
ependymomas, gangiogliomas, oligodendrogliomas, and
subependymomas) account for 80 to 90% of intramedullary
tumors (31). Astrocytomas are the most common pediatric
intramedullay tumors, whereas ependymomas are the most
common intramedullary tumors in adults (32) (Fig. 4). Heman-
gioblastomas account for 3 to 8% of intramedullary tumors

Fig. 3. Magnetic resonance imaging of the cervical spine sagittal view
with gadolinium shows an enhancing intradural extramedullary le-
sion. The lesion, located at C2, compresses the spinal cord and was
causing myelopathy. It was excised via a dorsal approach. The final
diagnosis was a neurofibroma.

Fig. 4. A 40-yr-old female presented with a progressive myelopathy
over a period of 6 mo. Note on the T2 saggital magnetic resonance
imaging, the presence of an intramedullary lesion extending from C5
to T1 associated with a syrinx in the rostrally. The tumor was excised
and the final diagnosis was of an intramedullary ependymoma.
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(33) and the remaining intramedullary pathology may be owing
to metastases, inclusion tumors, cysts, nerve sheath tumors,
and vascular pathology (e.g., cavernous malformations and
arteriovenous malformations). Lung and breast are the most
common primary neoplastic sites to metastasize to the spinal
cord. The latter accounts for fewer than 5% of intramedullary
spinal cord tumors (32).

4.1. SURGICAL CONSIDERATIONS
Advances in imaging and microsurgical techniques have

established microsurgical resection as the most effective treat-
ment for most intramedullary tumors. Surgery can provide long-
term control or cure for almost all ependymomas and many
astrocytomas.

The primary surgical objective is a complete total resection.
This can be achieved in the majority of ependymomas because
of the presence of a well-defined tumor plane around the tumor
and in many astrocytomas. Most astrocytomas infiltrate into
the spinal cord and thus complete removal is difficult and haz-
ardous. Apart from complete total resection, another important
treatment objective is the preservation of the neurological func-
tion. This can be achieved by limiting the tumor resection to the
plane between the tumor and the spinal cord and by simply
debulking in the event of an infiltrative or adhesive lesion.
Performing a biopsy in the case of a suspected malignant tumor
may be prudent (e.g., malignant astrocytomas).

4.2. SURGICAL TECHNIQUE
Appropriate positioning is accomplished in accordance with

the location of the tumor. Sensory and motor evoked potentials
may be monitored during the surgery. The resection of an in-
tramedullary tumor is accomplished through a midline inci-
sion. Pre-operative localization can be enhanced by fluoroscopy.
A subperiosteal dissection is carried out, followed by a laminec-
tomy (or a laminoplasty in the pediatric population). After
opening the dura mater and suturing it laterally to the muscles,
the microscope is brought into the field. The arachnoid is
opened and the spinal cord is inspected for spinal cord enlarge-
ment. The use of ultrasonography is helpful in localizing the
lesion, its extent, and the presence and type of associated cysts
(34). A midline myelotomy, extending over the entire
rostrocaudal extent of the tumor, is performed through the dorsal
midline septum. This septum is located between the dorsal
nerve entry zones bilaterally and usually small veins can be
seen exiting from the septum. The myelotomy is performed
using microinstruments and bipolar forceps at low settings.
After adequate exposure of the entire tumor, and after placing
traction sutures in the pia matter, the tumor can be debulked
using ultrasonic aspirator in the area where the spinal cord is
maximally enlarged. In the event of a small ependymoma, the
tumor may be removed in one piece, whereas bulky lesions
must be excised in a piecemeal fashion in order to prevent
excessive manipulation of adjacent neural tissue. Debulking
should be avoided in the case of a hemangioblastoma, because
these tumors are vascular (Figs. 5 and 6A) (bleeding may be
difficult to control) and, therefore, the dissection should pro-
ceed around the tumor surface with cauterization of the feeding
vessels and tumor capsule. Cysts in the poles are drained and
can help in identifying the extent of the lesion (Fig. 6B). A well-

Fig. 5. A 45-yr-old female presented with myelopathy. The magnetic
resonance imaging shows a C7–T1 intramedullary lesion that signifi-
cantly enhances post gadolinium. The patient underwent a dorsal
approach and complete resection. The diagnosis was compatible with
a hemangioblastoma.

defined tumor plane should be sought and followed as in the
case of ependymomas and some astrocytomas. In the case of an
infiltrative tumor where a plane is absent, a biopsy should be
performed. If the lesion is malignant, the procedure is termi-
nated, and if it is benign, the removal or debulking can be con-
tinued by relying on the color (e.g., astrocytomas are gray,
ependymomas are red or very dark gray), the texture of the
lesion, and judgement of the surgeon. After satisfactory resec-
tion and adequate hemostasis, the dura is closed without clos-
ing the myelotomy. The dura mater should be closed in a
watertight fashion, to minimize the occurrence of a cerebrospi-
nal fluid fistula (26,31,32).

4.3. COMPLICATIONS
Preservation of neurological function is a reasonable goal

for the surgeon. Surgical morbidity is related to the pre-opera-
tive neurological condition, the location of the tumor, its histol-
ogy, the duration of symptoms before diagnosis, the presence
of spinal cord atrophy, and arachnoid scarring (32,35). Most
patients have a sensory loss (e.g., position-sense disturbances
causing gait abnormalities) after the surgery. This sensory loss
is a result of the midline myelotomy and may resolve within
3 mo (35). Worsening of motor function is common but tends
to be transitory. Among the serious complications, we note a
more permanent picture of sensory and motor dysfunctions as
well as sphincter disturbances. This picture may be related to an
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aggressive removal of an infiltrative tumor. Postoperative deep
venous thrombosis, pneumonia, cerebrospinal fluid fistula, and
other complications should be treated aggressively in order to
halt early ambulation and to maximize recovery (26,31,32).

These lesions tend to recur and patients warrant serial clini-
cal and radiological (e.g., MRI) follow-up. As mentioned ear-
lier, aggressive resection reduces the risk of local tumor
recurrence, but involves a danger of major postoperative neu-
rological dysfunction (2,31,32).

5. SUMMARY

The treatment of patients with spinal tumor continues to be
a challenging problem. Spinal tumors range from those that are
easily treatable to those that are incurable. The goals of treat-
ment of spinal tumors are to obtain final diagnosis through
biopsy or resection, institute the appropriate treatment, pre-
serve the neurological function, relieve the patient’s symptoms,
and maintain the spinal column stability. The addition of a wide
range of instrumentation capabilities has improved the ability
to treat extradural tumors more radically allowing subsequent
stabilization and patient mobilization.
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1. INTRODUCTION

Approximately 50 to 70% of all cancer patients ultimately
develop skeletal metastases, and the spine is the most common
site of metastatic deposition. Most patients with spinal metastases
are treated nonsurgically, commonly with radiation therapy,
chemotherapy, radiopharmaceutical therapy, hormonal
therapy, and antiresorptive therapy with bisphosphonates and
analgesics (1,2). Usually, surgery is considered only for patients
with intractable pain, neurological compromise, and overt or
impending instability. The goals of spinal tumor surgery are to
decompress the spinal cord and nerve roots, stabilize the spine,
alleviate pain, and, in some cases, establish a diagnosis. Occa-
sionally, the goal of surgery for a patient with a primary neo-
plasm of the spine is to effect a cure.

However, some patients with spinal metastases are not good
surgical candidates. For example, such patients are frequently
too ill to undergo open surgical intervention, and the concur-
rent or recent administration of chemotherapy or radiation
therapy increases the likelihood of surgical complications such
as infection and wound dehiscence. In patients with poor life
expectancy, minimizing pain and improving quality of life is of
paramount importance. Because it is desirable to achieve the
surgical goals of decompression, stabilization, and pain relief
with the least possible amount of collateral tissue disruption
and physiological disturbance, selecting a minimally invasive
procedure, whenever feasible, may be the means of achieving
this goal.

These minimally invasive procedures, which use endoscopic
and percutaneous techniques, have had a profound effect on the

practice of general and oncological surgery by decreasing
morbidity, recovery time, and postoperative pain. Many surgi-
cal procedures that were once involved open techniques are
now performed primarily via endoscopic and percutaneous
techniques (3,4). As with any intervention, the risks and effec-
tiveness of minimally invasive surgery must be balanced
against the patient’s life expectancy, quality of life, and will-
ingness to undergo a procedure.

This chapter addresses different approaches (i.e., endoscopic
approaches to the lumbar spine, thoracoscopic approaches, and
the concurrent open and thoracoscopic approach to the thoracic
spine), discusses the technique of endoscopic-assisted costo-
transversectomy, and reviews percutaneous vertebral augmen-
tation procedures (vertebroplasty and kyphoplasty).

2. APPROACHES
2.1. ENDOSCOPIC LUMBAR APPROACHES
In spinal surgery, the term minimally invasive surgery has

become synonymous with any surgical procedure involving
endoscopic access to a body cavity or joint. This terminology
emphasizes the philosophy of targeting the pathology and
applying the therapeutic intervention with little or no damage
to surrounding nonpathologic tissues. Thus, the term minimally
invasive has truly come to mean much more than just endos-
copy, which essentially refers to the use of a scope and light
source for visualization and magnification through small percu-
taneous portals.

With the advances in endoscopy, anterior lumbar spine
exposure has evolved from the traditional open transperitoneal,
to open retroperitoneal, to muscle-sparing retroperitoneal, to
endoscopic retroperitoneal, and to laparoscopic transperitoneal
approaches. To date, there have been only anecdotal references
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to the use of true laparoscopic or retroperitoneal endoscopic
techniques to facilitate spine exposure in the treatment of spinal
metastases; most reports describe the use of these techniques as
they relate to lumbar decompression and arthrodesis (4–6). The
benefits of these exposures are intuitive, but the complexity of
the spinal reconstruction and the intimidating local anatomy
may have limited the widespread use of these techniques to a
few very experienced surgeons.

2.2. THORACOSCOPIC APPROACH
In 1970, the use of thoracoscopy was first described (7).

Advances in instrumentation and anesthetic techniques have
allowed a multitude of operations, from biopsies to the resec-
tion of lung and mediastinal tumors, to be performed without a
sternotomy or a thoracotomy (8–10). In the thoracic surgery
literature, clinical studies have unequivocally shown the ben-
efits of thoracoscopic surgery compared with open approaches
(11,12). Thoracoscopic surgery is associated with less pain
within the first year after surgery (12) and with better shoulder
and pulmonary function in the early postoperative period (11).
Furthermore, the long-term survival of patients treated with
resection of pulmonary metastases is comparable to that obtained
with open thoracotomy (8), suggesting that the goals of surgery
can be accomplished equally well with thoracoscopic means.
Spinal procedures are a recent development in thoracoscopic
surgery (3,13–17) and have not been formally compared with
open thoracic spinal approaches in a large trial. However, based
on existing thoracic surgery studies, it is reasonable to assume
that similar benefits in pulmonary dysfunction and pain could
be obtained with thoracoscopic spinal surgery because much of
the reported morbidity is related to the thoracotomy itself.

Thoracoscopic spinal surgery can be performed from either
side (Fig. 1). The choice of side is dictated by the location of the
pathology. For centrally located tumors, a right-side approach
may be preferable in the upper and mid-thoracic spine because
more space is available dorsal to the azygous vein than dorsal
to the aorta (3). In the lower thoracic spine, a left-side approach
avoids the diaphragm, which is higher on the right.

The patient is intubated with a dual-lumen endotracheal tube
and placed in the lateral decubitus position, as for a thorac-
otomy. The position, draping, and available instrumentation
are planned so a thoracotomy could be performed rapidly in the
event of a complication. Before making the incisions, the proper
functioning of the dual-lumen tube is verified. The lung is
deflated, and a portal is made in the anterior axillary line by
dissecting over the appropriate rib or with the use of a trochar.
To avoid injury to the diaphragm and abdominal viscera, it is
advisable to remain above the eighth intercostal space with the
initial trochar insertion (17). The thoracoscope is inserted into
the first portal and the pathology is localized. Under direct
visualization, two to three additional portals are created in the
mid or anterior axillary lines for the insertion of surgical instru-
ments. If necessary, the lung can be depressed with a “fan”
retractor or the table can be rotated to allow gravity to pull the

Fig. 1. The thoracoscopic approach. (A) Lateral decubitus positioning
with surgeon (shaded) and assistants. (B) Portal placement (cranial
right, caudal left). (C) Thoracoscopic view of curette during
corpectomy.
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lung down. After the appropriate level has been identified, the
pleura is dissected off the ribs and vertebrae, and the segmental
vessels are ligated. With the diseased vertebral body exposed,
the resection proceeds similarly to that of an open procedure.
With a combination of rongeurs, curettes, osteotomes, and the
high-speed drill, the tumor is excised. The vertebral body sub-
sequently can be reconstructed with autologous bone graft, strut
allograft, methylmethacrylate, or a metal/carbon corpectomy
cage (3). A plate can also be affixed, although this procedure
can be technically difficult, and the portals must be planned
accordingly (13). At the completion of the procedure, chest
tubes are placed through two of the portals.

The results of 17 thoracoscopic corpectomies (seven of
which were performed for tumors) have been compared with a
cohort of seven patients (two with tumors) who underwent the
same operation through a thoracotomy (3,13). The patients with
thoracoscopic procedures had shorter surgeries with less blood
loss, less chest tube drainage, half the number of days on intra-
venous or intramuscular narcotic medications, and approxi-
mately half the number of days in the intensive care unit and in
the hospital. Although a prospective multicenter study of the
complications associated with endoscopic spinal surgery made
no comparison with patients undergoing thoracotomy, the results
appear comparable to those typically obtained with open surgical
intervention (18). The authors prospectively analyzed 78 tho-
racoscopic spinal procedures, 13 of which were partial or com-
plete corpectomies. There were no infections or permanent
neurological or vascular injuries, in one case a conversion to an
open thoracotomy was needed because of adhesions (18). In

another series of 15 patients who underwent thoracic
corpectomy (eight of the procedures were performed for tumors
[15]), no substantial complications occurred, and the authors
claimed results that were equal to or superior than those
obtained by thoracotomy. Specifically, the authors described
easier access to the T3–T4 and T12 regions endoscopically
than with open techniques, which require mobilization of the
scapula in the former region and of the diaphragm in the latter
region.

As with any minimally invasive procedure, potential com-
plications must be weighed against the benefits of surgery.
Although it avoids a thoracotomy or sternotomy, thoracoscopic
spine surgery still requires single-lung ventilation, which may
be problematic in patients with lung cancer or pulmonary
metastases. It is necessary to evaluate all patients who are
being considered for this procedure with pulmonary function
tests pre-operatively. The potential for vascular injury means
that the procedure may have to be converted to an open proce-
dure emergently in the event of a complication. Hence, a patient
is not considered a candidate for thoracoscopic spinal surgery
if deemed unable to tolerate an emergent conversion to an open
procedure. This procedure is also contraindicated in patients
who have pulmonary adhesions, such as patients with previous
thoracotomies or those having undergone a pleurodesis, because
of the inability to collapse the lung (13).

2.3. CONCURRENT POSTERIOR
AND THORACOSCOPIC APPROACHES

This technique represents a concurrent combination of the
conventional posterior approach to the thoracic spine for
instrumentation and stabilization and of the thoracoscopic
approach for decompression and reconstruction (19). It allows
anterior access to the thoracic spine and concurrent exposure to
the posterior thoracic spine without requiring an open thorac-
otomy and without the need to stage the procedure or reposition
the patient (Fig. 2).

Fig. 2. The simultaneous posterior and thoracoscopic approach. (A)
Prone positioning with the thoracoscopic surgeon (shaded) on right
side and cosurgeons on the left side. (B) Intra-operative photograph
showing posterior instrumentation in place and thoracoscopic portals
on right side.
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As with the thoracoscopic approach, the patient is intubated
with a dual-lumen endotracheal tube. The patient is then placed
in the prone position and draped widely to allow access to the
anterior axillary line bilaterally. Unlike the lateral decubitus
position used in thoracotomy or thoracoscopy, this position
allows concurrent access to the ventral and dorsal thoracic
spine. The dual endotracheal tube is checked before the start of
the procedure. The dorsal exposure is then obtained by way of
a midline incision, and the spine is decompressed and stabi-
lized. Before accessing the anterior spine, the appropriate
endotracheal tube lumen is clamped, and the lung is allowed
to deflate. The first portal is created in the mid-axillary line by
bluntly dissecting over the appropriate rib and entering the
thoracic cavity as is done for the placement of a chest tube.
After inserting a 30º endoscope, two other portals (one, two
levels rostral, and the other, two levels caudal) are created under
direct visualization to allow the passage of instruments. This
approach allows concurrent dorsal decompression and stabi-
lization of the spine, facilitates minimally invasive anterior
tumor resection and stabilization, and avoids a more physi-
ologically injurious procedure, such as a thoracotomy or a lat-
eral extracavitary approach. Judicious positioning also
precludes having to redrape and reposition the patient between
the dorsal and ventral parts of the procedure.

2.4. ENDOSCOPICALLY ASSISTED THORACIC
SURGERY

Recently, endoscopically assisted surgery has emerged as
an alternative to open surgery. Strictly speaking, it is not a
minimally invasive approach, but it can be considered less
invasive than conventional approaches because it requires less
dissection for a given surgery (16,20,21). Endoscopically assisted
thoracic surgery initially entails a posterolateral approach to the
diseased vertebral body and the completion of a corpectomy
with the aid of 30 and 70º endoscopes to visualize the dura,
followed by strut graft reconstruction (Fig. 3). Its advantage
lies in the novel use of readily available instruments to improve
visualization and minimize tissue disruption.

The patient is placed prone on bolsters or a Wilson frame,
maintaining thoracic kyphosis. A midline incision is made, and
the lamina, transverse process, and proximal rib are exposed.
The vertebral body is entered by the transpedicular route, and
the visible part of the tumor is resected using a high-speed drill.
A 4-mm 30º endoscope is then introduced, and the resection is
continued with a combination of Epstein curettes and pituitary
rongeurs. The dissection continues to the contralateral pedicle,
and a 70º endoscope is then introduced to inspect the dura and
to resect the remainder of the tumor. A curved bipolar is used
to cauterize bleeding epidural veins. Involvement of the con-
tralateral pedicle necessitates a bilateral approach. The inter-
vertebral discs and endplates are cleared of tissue and prepared
for graft placement. The corpectomy defect is reconstructed
with a corpectomy strut filled with graft or suitable graft sub-
stitute. Posterior instrumentation is then placed in compression
to lock the strut in place.

Although this technique does not change the prognosis of
patients with spinal metastases, it can alleviate or prevent neu-
rological deficits, with less morbidity than does transthoracic
surgery. In a series of nine patients (21), all patients with a

Fig. 3. Endoscopically assisted thoracic surgery performed via a lat-
eral extracavitary approach with endoscope and curette in the opera-
tive field.

neurological deficit improved. The patients averaged 1.4 d in
the intensive care unit, 6.4 d in the hospital, and an average
blood loss of 1677 mL. Although no study directly compares
endoscopically assisted surgery with other approaches, the
preliminary experience suggests that this technique enables the
resection of anterior lesions without the morbidity of anterior
approaches.

3. PERCUTANEOUS VERTEBRAL AUGMENTATION
PROCEDURES

3.1. VERTEBROPLASTY
Pain is the cardinal manifestation of metastatic spinal dis-

ease (22). Several causes have been postulated, including
stretching or irritation of the periosteum, instability,
microarchitectural fractures, the release of nerve-stimulating
factors (such as prostaglandins, bradykinins, substance P, and
histamine) by the cancer cells, and the associated pathological
fractures (23). Because most metastases are osteolytic, verte-
bral compression fractures are a common complication of spi-
nal metastases.

Vertebroplasty, first reported by Galibert et al. (24) in France
in the 1980s, entails the injection of polymethylmethacrylate
(PMMA) into a vertebra with the goal of relieving pain and
stabilizing the collapsed vertebral body. Initially, vertebroplasty
was used in the treatment of hemangiomas and osteolytic neo-
plasms (25). With experience, its indications have been broad-
ened to include the treatment of osteoporotic compression
fractures (26). This technique can be used for most patients
with pathological compression fractures associated with spinal
metastases, but it is contraindicated for patients who have nerve
root or cord compression, who are coagulopathic or severely
ill, or who have a disrupted posterior wall of the vertebral body.

Typically, vertebroplasty involves the percutaneous inser-
tion of a 10- or 11-gage needle under fluoroscopic guidance
into a diseased vertebral body. The transpedicular or extrapedicular
routes can be used. A biopsy can be obtained if desired. Once in
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proper position, 5 mL of contrast material are injected to ensure
that the needle tip is not located within a major venous outflow
tract. A mixture of low-viscosity cement (such as PMMA) and
an opacification powder (such as barium) is prepared. The
preparation is loaded into syringes and injected under pres-
sure while the injection site is monitored fluoroscopically for
the extravasation (leakage of cement through the walls of the
vertebral body or into the venous outflow tracts) (27). Breaches
in the posterior wall of the vertebral body are a contraindica-
tion, and extravasation of the cement results in termination of
the procedure. Some authors have advocated the use of a com-
bination of computed tomography (CT) and fluoroscopy for
monitoring purposes. CT is used to ensure accurate needle
placement, and the contrast and cement injections are per-
formed under fluoroscopic guidance (28).

Several clinical studies have documented the benefits of
vertebroplasty. Weill et al. (29) retrospectively studied 37
patients who underwent 52 vertebroplasties for metastatic dis-
ease. In 26 of 33 procedures for the relief of pain, an immediate
and durable improvement was obtained. Pain recurrence was
associated with the development of new lesions at other levels.
In 11 procedures for stabilization, no injected vertebral body
collapsed during the average follow-up period of 13 mo. In a
prospective study of osteoporotic compression fractures (30),
significant and durable decreases in pain were associated with
improvements in the Nottingham Health Profile scores. Improve-
ments were statistically significant in the dimensions of pain,
physical mobility, emotional reaction, energy, and social isola-
tion, but not sleep. In a recent study (31), marked to complete
pain relief was achieved in 24 of 38 patients treated for osteoporo-
sis, and in 4 of 8 patients treated for vertebral malignancies. The
improvement in pain, if it occurred, was observed immediately,
and its persistence was documented at the 18-mo follow-up.

The mechanism by which vertebroplasty relieves pain is not
understood. Stabilization of the fractured vertebra (30,31), and
heat-induced (32) or cytotoxic necrosis of nerve endings (30)
have been postulated as mechanisms. An in vitro study of
temperature changes induced by the polymerization of cement
inside cadaveric vertebral bodies showed that a peak temperature
at the center of the vertebral body of 40 to 74ºC was sufficient
for necrosis of intra-osseous neural tissue. However, studies
conducted in femoral implants have shown areas of osteone-
crosis adjacent to PMMA that cannot be explained solely on the
basis of temperature elevation (33,34). In addition to relieving
pain, it has been suggested that PMMA has an anti-tumoral
effect on a chemical basis, perhaps related to its acrylic content,
but this hypothesis has been based, in part, on the unproven
observation that tumors rarely recur in PMMA-treated bones
(22). One study found that postmortem histological evaluation
of PMMA-treated vertebral bodies revealed tumoral necrosis
in the region of the implant (35). The necrosis extended 11 mm
beyond the margin of the PMMA, supporting the hypothesis of
an anti-tumoral factor.

Vertebroplasty confers stability to the diseased vertebra. One
biomechanical study showed statistically significant improve-
ments in strength and stiffness after the injection of 8 mL of
cement (36). Another study (37) showed statistically signifi-
cant increases in strength and stiffness whether the vertebral

bodies were injected unilaterally with 6 mL or bilaterally with
5 mL per side; there was no significant difference between the
two treatment groups. Other authors have shown significant
improvements in cadaveric vertebral bodies with the injection
of apatite cement (38) or that as little as 1 mL confers stability
in vertebral body stiffness, leading to the clinical trend of
injecting less cement into the vertebral body.

Although it restores strength, vertebroplasty does not restore
height. Collapsed and kyphotic vertebrae create stress on adja-
cent vertebrae and predispose them, in turn, to collapse. Although
prophylactic treatment of adjacent segments has been advocated
(31), currently there is insufficient data to support the routine
use of this treatment.

The complications of vertebroplasty are usually related to
the extravasation (29) or systemic toxicity of cement (39).
Extravasation is a common occurrence. Cortet et al. (30) used
CT scans to show cement extravasation in 65% of patients
treated for osteoporotic compression fractures. However, in no
instance was the leak clinically significant. Weill et al. (29)
reported leaks in 20 of 37 patients treated for metastases: in
five cases, the leak was symptomatic and in one case the
patient required surgical evacuation of the cement. Thus, it
may be stated that although cement extravasation often oc-
curs in patients treated with vertebroplasty, it is clinically
significant in only a minority.

The results of vertebroplasty studies conducted over nearly
two decades suggest that it is a useful adjunct to the manage-
ment of spinal metastasis (40–43). It enables the restoration of
vertebral strength and stiffness, relieves pain, does not interfere
with adjunctive treatment such as chemotherapy and radiation
therapy, and (despite its high rate of cement extravasation) is
well tolerated.

3.2. KYPHOPLASTY
Kyphoplasty is a new technique combining the vertebroplasty

experience and the balloon catheter technology developed for
angioplasty. It involves the extra- or transpedicular cannulation
of the vertebral body, under fluoroscopic guidance, followed
by insertion of an inflatable bone tamp (Figs. 4 and 5). Once
inflated, the tamp partially restores the vertebral body to its
original height, reduces the fracture, elevates the endplate, and
creates a cavity to be filled with bone cement (Fig. 4B). To
reduce the risk of extravasation, the cement is injected under
relatively low pressure (Fig. 4C).

Compared with vertebroplasty, kyphoplasty has several
advantages. In biomechanical models of compression fractures
(44), kyphoplasty has been shown to increase strength and to
restore height to a greater extent than does vertebroplasty. In a
series of 70 kyphoplasty procedures in 30 patients by Lieberman
et al. (45), kyphoplasty restored 47% of lost height in 70% of
the patients with osteoporotic compression fractures. The same
study (45) also showed that kyphoplasty was effective at reduc-
ing pain: after kyphoplasty, there were significant improve-
ments in SF-36 scores for bodily pain, physical function, role
physical, vitality, and mental health, although general health
and role emotional scores remained unchanged (45). Most
importantly, cement extravasation occurred in only 6 of 70
treated vertebrae, and in all cases the extravasations were
asymptomatic (45). This finding compares favorably with the
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Fig. 4. Diagramatic representation of a kyphoplasty procedure. (A) Inflatable bone tamp inserted through working canula. (B) Cavity creation
via inflatable bone tamp. (C) Cement injection. (D) Cement within cavity created by inflatable bone tamp.
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Fig. 5. Clinical images of a kyphoplasty procedure. (A) Inflatable
bone tamp inserted through a working cannula. (B) Balloon inflation
and cavity creation. (C) Cement within cavity created by inflatable
balloon tamp.

high extravasation rate of vertebroplasty (41). The results of
Lieberman et al. (45) have been updated by Coumans et al. (46)
in a series of 188 kyphoplasty procedures in 78 patients with
similar findings.

There are several reasons why fracture reduction, a step in
kyphoplasty but not in vertebroplasty, is desirable. Biome-
chanically, a collapsed vertebra creates stresses on the adjacent
levels, which predisposes them to collapse. In the case of
osteoporosis, for example, it has been estimated that the risk
of collapse is fivefold once a fracture has occurred, in large part
owing to the altered biomechanics (47). In addition to causing
pain and predisposing to additional fracture and deformity,
compression fractures have a substantial impact on pulmonary

function (48). Therefore, the restoration of height and align-
ment whenever possible is potentially beneficial.

Because fracture reduction is part of this procedure, the best
results are obtained with acute and subacute fractures. Mag-
netic resonance imaging scanning has proved useful in select-
ing the best candidates for fracture reduction (49). Frequently,
it even allows the discrimination between benign and patho-
logical fractures. Chronic osteoporotic fractures exhibit T1-
and T2-weighted sequence signals that are isointense to normal
vertebral bodies. Acute benign fractures show edema, often
along one of the fractured endplates, manifested as a hypointense
signal on T1-weighted images and hyperintensity on T2-
weighted images. Malignant lesions frequently exhibit ill-
defined borders and are usually hypointense on noncontrast
T1-weighted images. Bone scanning can also be useful, show-
ing increased radionuclide uptake in acute fractures compared
with chronic fractures (49).

Myelomatous osteolytic destruction of the spinal column is
common in patients with multiple myeloma and has become
more of a clinical issue by virtue of their prolonged survival
rates. Typically, the diffuse involvement that occurs results in
painful progressive vertebral compression fractures at multiple
levels over time. Treatment with bed rest, bracing, and analge-
sics is the standard of care for most of these patients, but it has
proven to be of limited benefit, especially when considering the
progressive spinal kyphosis and its subsequent consequences.

Kyphoplasty has been successfully used to treat the painful
progressive osteolytic vertebral collapse associated with multiple
myeloma (50). In a prospective series, 55 consecutive kyphoplasty
procedures were performed over 27 sessions in 18 patients with
osteolytic vertebral compression fractures resulting from mul-
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tiple myeloma (50). The mean age of patients was 63.5 yr (range
of 48–79 yr), the mean duration of symptoms was 11 mo, and
the mean follow up of 7.4 mo. The levels treated were T6 to L5.
The authors reported no major complications related directly to
use of this technique. On average, 34% of lost height was restored.
Asymptomatic cement leakage occurred at only 2 of 55 levels
(4%). The authors noted statistically significant improvement
in SF-36 scores for bodily pain, physical function, vitality, and
social functioning. They concluded that kyphoplasty was effi-
cacious in the treatment of osteolytic vertebral compression
fractures secondary to multiple myeloma and that it was asso-
ciated with early clinical improvement of pain and function as
well as some restoration of vertebral body height in these
patients. Similar results have been reported by other authors,
including Fourney et al. (41), who reported on 32 cancer
patients who underwent the kyphoplasty procedure and 65
who underwent the vertebroplasty procedure. Fourney et al.
(41) found statistically significant improvements in visual ana-
logue scale pain scores and analgesic consumption in both
groups and no procedure-related complications in either group,
except for a 9.2% (6/65) rate of asymptomatic cement leakage
with vertebroplasty.

4. CONCLUSIONS

Minimally invasive approaches to the spine offer an impor-
tant tool in the treatment of patients with metastatic disease:
they provide a means of relieving symptoms with less physi-
ological disturbance and trauma in patients with limited life
expectancies. However, these techniques should not be used if
doing so will preclude achieving the goals of surgery (i.e., to
decompress the neural structures and stabilize the spine), nor
should they be used in patients who are too ill to tolerate an
emergent conversion to an open procedure in the event of a
complication. Future developments likely will include a merg-
ing of endoscopic techniques and image guidance (51,52). Such
technological advances are likely to increase the spectrum of
endoscopic and percutaneous approaches and permit increas-
ingly complex procedures to be performed less traumatically.

The term “minimally invasive spinal therapy” means much
more than the endoscopic techniques previously described, it
now encompasses everything from traditional injection tech-
niques (epidural injections, discography, facet, and nerve root
blocks) to percutaneous therapeutic modalities (intradiscal
electrothermal therapy, vertebroplasty, kyphoplasty) and true
endoscopic procedures (endoscopic discectomies, endoscopic
lumbar fusions, endoscopic transthoracic procedures). This
definition will continue to evolve as new advances in technol-
ogy (image-guided surgery), biology (bone substitutes and
enhancers, nuclear regeneration), and diagnostic techniques
are developed and impact on spinal treatment modalities. How-
ever, such evolution must be embraced with caution: although
there is a clear trend showing that technological advances will
improve spinal surgery, there is also a reciprocal trend showing
that biological advances may decrease the need for surgical
intervention in the spine.

REFERENCES
1. Body JJ, Bartl R, Burckhardt P, et al. Current use of bisphosphonates

in oncology. International Bone and Cancer Study Group. J Clin
Oncol 1998; 16:3890–3899.

2. Schachar NS. An update on the nonoperative treatment of patients
with metastatic bone disease. Clin Orthop 2001; 382:75–81.

3. Dickman CA, Karahalios DG. Thoracoscopic spinal surgery. Clin
Neurosurg 1996; 43:392–422.

4. Hanley E, Green NE, Spengler DM. An AOA critical issue. Less
invasive procedures in spine surgery. J Bone Joint Surg 2003;
85:956–=961.

5. Staelin ST, Zdeblick TA, Mahvi DM. Laparoscopic lumbar spinal
fusion: the role of the general surgeon. J Laparoendosc Adv Surg
Tech 2000; 10:297–304.

6. Zdeblick TA. Laparoscopic spinal fusion. Orthop Clin North Am
1998; 29:635–645.

7. Jacobaeus HC. Possibility of th euse of the cystoscope for investigation
of serious cavities. Munch Med Wochenschr 1910; 57:2090–2092.

8. Lin JC, Wiechmann RJ, Szwerc MF, et al. Diagnostic and therapeutic
video-assisted thoracic surgery resection of pulmonary metastases.
Surgery 1999; 126:636–641.

9. Lin JC, Hazelrigg SR, Landreneau RJ. Video-assisted thoracic sur-
gery for diseases within the mediastinum. Surg Clin North Am
2000; 80:1511–1533.

10. Schwarz RE, Posner MC, Ferson PF, Keenan RJ, Landreneau RJ.
Thoracoscopic techniques for the management of intrathoracic
metastases. Results. Surg Endosc 1998; 12:842–845.

11. Landreneau RJ, Hazelrigg SR, Mack MJ, et al. Postoperative pain-
related morbidity: video-assisted thoracic surgery versus thorac-
otomy. Ann Thorac Surg 1993; 56:1285–1289.

12. Landreneau RJ, Mack MJ, Hazelrigg SR, et al. Prevalence of chronic
pain after pulmonary resection by thoracotomy or video-assisted
thoracic surgery. J Thorac Cardiovasc Surg 1994; 107:1079–1085.

13. Dickman CA, Rosenthal D, Karahalios DG, et al. Thoracic verte-
brectomy and reconstruction using a microsurgical thoracoscopic
approach. Neurosurgery 1996; 38:279–293.

14. Han PP, Kenny K, Dickman CA. Thoracoscopic approaches to the
thoracic spine: experience with 241 surgical procedures. Neurosur-
gery 2002; 51:S2-88–S2-95.

15. McAfee PC, Regan JR, Fedder IL, Mack MJ, Geis WP. Anterior
thoracic corpectomy for spinal cord decompression performed
endoscopically. Surg Laparosc Endosc 1995; 5:339–348.

16. McLain RF, Lieberman IH. Endoscopic approaches to metastatic
thoracic disease. Spine 2000; 25:1855–1858.

17. Rosenthal D, Marquardt G, Lorenz R, Nichtweiss M. Anterior
decompression and stabilization using a microsurgical endoscopic
technique for metastatic tumors of the thoracic spine. J Neurosurg
1996; 84:565–572.

18. McAfee PC, Regan JR, Zdeblick T, et al. The incidence of compli-
cations in endoscopic anterior thoracolumbar spinal reconstructive
surgery. A prospective multicenter study comprising the first 100
consecutive cases. Spine 1995; 20:1624–1632.

19. Lieberman IH, Salo PT, Orr RD, Kraetschmer B. Prone position
endoscopic transthoracic release with simultaneous posterior instru-
mentation for spinal deformity: a description of the technique. Spine
2000; 25:2251–2257.

20. McLain RF. Endoscopically assisted decompression for metastatic
thoracic neoplasms. Spine 1998; 23:1130–1135.

21. McLain RF. Spinal cord decompression: an endoscopically assisted
approach for metastatic tumors. Spinal Cord 2001; 39:482–487.

22. Deramond H, Depriester C, Galibert P, Le Gars D. Percutaneous
vertebroplasty with polymethylmethacrylate. Technique, indica-
tions, and results. Radiol Clin North Am 1998; 36:533–546.

23. Diener KM. Bisphosphonates for controlling pain from metastatic
bone disease. Am J Health Syst Pharm 1996; 53:1917–1927.



CHAPTER 34 / ENDOSCOPIC SURGERY AND VERTEBRAL AUGMENTATION 293

24. Galibert P, Deramond H, Rosat P, Le Gars D. [Preliminary note on
the treatment of vertebral angioma by percutaneous acrylic
vertebroplasty]. Neurochirurgie 1987; 33:166–168.

25. Kaemmerlen P, Thiesse P, Jonas P, et al. Percutaneous injection of
orthopedic cement in metastatic vertebral lesions [letter]. N Engl J
Med 1989; 321:121.

26. Mathis JM, Petri M, Naff N. Percutaneous vertebroplasty treatment
of steroid-induced osteoporotic compression fractures. Arthritis
Rheum 1998; 41:171–175.

27. Jensen ME, Evans AJ, Mathis JM, Kallmes DF, Cloft HJ, Dion JE.
Percutaneous polymethylmethacrylate vertebroplasty in the treat-
ment of osteoporotic vertebral body compression fractures: techni-
cal aspects. AJNR Am J Neuroradiol 1997; 18:1897–1904.

28. Gangi A, Kastler BA, Dietemann JL. Percutaneous vertebroplasty
guided by a combination of CT and fluoroscopy. AJNR Am J
Neuroradiol 1994; 15:83–86.

29. Weill A, Chiras J, Simon JM, Rose M, Sola-Martinez T, Enkaoua E.
Spinal metastases: indications for and results of percutaneous injec-
tion of acrylic surgical cement. Radiology 1996; 199:241–247.

30. Cortet B, Cotten A, Boutry N, et al. Percutaneous vertebroplasty in
the treatment of osteoporotic vertebral compression fractures: an
open prospective study. J Rheumatol 1999; 26:2222–2228.

31. Barr JD, Barr MS, Lemley TJ, McCann RM. Percutaneous
vertebroplasty for pain relief and spinal stabilization. Spine 2000;
25:923–928.

32. Deramond H, Wright NT, Belkoff SM. Temperature elevation
caused by bone cement polymerization during vertebroplasty. Bone
1999; 25:17S–21S.

33. Jefferiss CD, Lee AJC, Ling RSM. Thermal aspects of self-curing
polymethylmethacrylate. J Bone Joint Surg 1975; 57:511–518.

34. Radin EL, Rubin CT, Thrasher EL, et al. Changes in the bone-
cement interface after total hip replacement. An in vivo animal
study. J Bone Joint Surg 1982; 64:1188–1200.

35. San Millan Ruiz D, Burkhardt K, Jean B, et al. Pathology findings
with acrylic implants. Bone 1999; 25:85S–90S.

36. Belkoff SM, Maroney M, Fenton DC, Mathis JM. An in vitro bio-
mechanical evaluation of bone cements used in percutaneous
vertebroplasty. Bone 1999; 25:23S–26S.

37. Tohmeh AG, Mathis JM, Fenton DC, Levine AM, Belkoff SM.
Biomechanical efficacy of unipedicular versus bipedicular
vertebroplasty for the management of osteoporotic compression
fractures. Spine 1999; 24:1772–1776.

38. Schildhauer TA, Bennett AP, Wright TM, Lane JM, O’Leary PF.
Intravertebral body reconstruction with an injectable in situ-setting

carbonated apatite: biomechanical evaluation of a minimally inva-
sive technique. J Orthop Res 1999; 17:67–72.

39. Padovani B, Kasriel O, Brunner P, Peretti-Viton P. Pulmonary embo-
lism caused by acrylic cement: a rare complication of percutaneous
vertebroplasty. AJNR Am J Neuroradiol 1999; 20:375–377.

40. Alvarez L, Perez-Higueras A, Quinones D, Calvo E, Rossi RE.
Vertebroplasty in the treatment of vertebral tumors: postprocedural
outcome and quality of life. Eur Spine J 2003; 12:356–360.

41. Fourney DR, Schomer DF, Nader R, et al. Percutaneous
vertebroplasty and kyphoplasty for painful vertebral body fractures
in cancer patients. J Neurosurg 2003; 98:21–30.

42. Martin JB, Wetzel SG, Seium Y, et al. Percutaneous vertebroplasty
in metastatic disease: transpedicular access and treatment of lysed
pedicles—initial experience. Radiology 2003; 229:593–597.

43. Wenger M. Vertebroplasty for metastasis. Med Oncol 2003;
20:203–209.

44. Belkoff SM, Mathis JM, Fenton DC, Scribner RM, Reiley ME,
Talmadge K. An ex vivo biomechanical evaluation of an inflatable
bone tamp used in the treatment of compression fracture. Spine
2001; 26:151–156.

45. Lieberman IH, Dudeney S, Reinhardt MK, Bell G. Initial outcome
and efficacy of “kyphoplasty” in the treatment of painful osteoporotic
vertebral compression fractures. Spine 2001; 26:1631–1638.

46. Coumans JV, Reinhardt MK, Lieberman IH. Kyphoplasty for ver-
tebral compression fractures: 1-year clinical outcomes from a pro-
spective study. J Neurosurg 2003; 991 :44–50.

47. Heaney RP. The natural history of vertebral osteoporosis. Is low
bone mass an epiphenomenon? Bone 1992; 13:S23–S26.

48. Leech JA, Dulberg C, Kellie S, Pattee L, Gay J. Relationship of lung
function to severity of osteoporosis in women. Am Rev Respir Dis
1990; 141:68–71.

49. Do HM. Magnetic resonance imaging in the evaluation of patients
for percutaneous vertebroplasty. Top Magn Reson Imaging 2000;
11:235–244.

50. Dudeney S, Lieberman IH, Reinhardt MK, Hussein M. Kyphoplasty
in the treatment of osteolytic vertebral compression fractures as a
result of multiple myeloma. J Clin Oncol 2002; 20:2382–2387.

51. Assaker R, Reyns N, Pertruzon B, Lejeune JP. Image-guided endo-
scopic spine surgery: Part II: clinical applications. Spine 2001;
26:1711–1718.

52. Assaker R, Cinquin P, Cotten A, Lejeune JP. Image-guided endo-
scopic spine surgery: Part I. A feasibility study. Spine 2001;
26:1705–1710.



CHAPTER 35 / SINGLE-STAGE PTA 295

295

From: Current Clinical Oncology: Cancer in the Spine: Comprehensive Care.
Edited by: R. F. McLain, K-U. Lewandrowski, M. Markman,  R. M. Bukowski,
R. Macklis, and E. C. Benzel © Humana Press, Inc., Totowa, NJ

35 Single-Stage Posterolateral Transpedicle
Approach With Circumferential
Decompression and Instrumentation
for Spinal Metastases

MARK H. BILSKY, MD, TODD VITAZ, MD, AND PATRICK BOLAND, MD

CONTENTS

INTRODUCTION

INDICATIONS FOR OPERATION

GOALS OF OPERATION FOR METASTATIC SPINAL TUMORS

POSTEROLATERAL TRANSPEDICLE APPROACH INDICATIONS

POSTOPERATIVE CARE

CASE STUDIES

RESULTS

REFERENCES

1. INTRODUCTION

Metastatic tumors to the spine account for significant mor-
bidity in cancer patients. With treatment, one seeks to restore
quality of life, reduce pain, and preserve or maintain neurologi-
cal function. The roles for chemotherapy, radiation therapy
(RT), and surgery continue to evolve, but clearly all play sig-
nificant roles in treating metastatic spinal tumors. Initial at-
tempts to treat tumors using a laminectomy approach proved no
better than radiation alone. Inherently, laminectomy is ineffec-
tive for treating metastatic spine tumors because it does not
effectively address anterior vertebral body or epidural tumor,
and creates iatrogenic instability. The evolution of operative
approaches for metastatic spine tumors, including anterior
transcavitary and posterolateral, and the development of seg-
mental fixation has markedly improved surgical outcomes
(1–5,7–14,16–30). This chapter describes the authors’ indi-
cations, operative techniques, and outcomes using a single-
stage posterolateral transpedicle approach (PTA) (2), which
provides exposure for epidural tumor and vertebral body resec-
tion, and anterior and posterior reconstruction.

2. INDICATIONS FOR OPERATION

Decision making for the treatment of metastatic spinal tumors
is often difficult. RT remains the primary treatment modality,

but a small subset of patients will benefit from early operation.
Decisions can be made based either on a conceptual framework
or a list of indications. A conceptual framework provides an
algorithm to evaluate individual patients based on oncological,
neurological, and biomechanical indications. Oncological issues
reflect the radiation and/or chemo-sensitivity of a given tumor
type, resection of residual tumor post neoadjuvant RT or che-
motherapy, or biological pain (nocturnal or early morning)
responsive to steroids. Neurological concerns include the pres-
ence and degree of radiculopathy, myelopathy, and degree of
radiographic epidural spinal cord compression. Biomechanical
issues include the presence of axial or incidental back pain,
pattern of bone involvement, and the presence of coronal
(scoliosis) and sagittal (kyphosis) plane deformities.

In general, RT is given to patients with moderate- to high-
radiation-sensitive tumors who are biomechanically stable.
With few exceptions, the degree of epidural compression is less
likely to impact on the decision to radiate than the radiosensi-
tivity of the tumor. Biomechanical stability is often defined by
the quality of the back pain, specifically by the degree of inci-
dental or movement-related back pain. This pain often does not
resolve with RT. Conversely, patients with biological pain
generally improve with RT or chemotherapy. Radiographic cri-
teria are less helpful in defining instability and are dependent
on the segmental level involved. For example, thoracic spine
compression fractures rarely result in instability, but subaxial
cervical spine compression fractures often present with intrac-
table neck pain.



296 BILSKY, VITAZ, AND BOLAND

Surgery is reserved as first-line therapy for patients with
radioresistant tumors (e.g., sarcoma, renal cell carcinoma),
spinal instability, and/or a pathological fracture with bone in
the spinal canal. In the authors’ experience, bone in the spinal
canal from a pathological fracture is rare. In addition, patients
with high-grade spinal cord compression resulting from a cir-
cumferential epidural tumor that is moderately radiosensitive
have a high probability of progression during RT when com-
pared with other patterns of epidural tumor and are considered
for surgery as initial treatment. A frequently reported indica-
tion for surgery is unknown diagnosis, but tumor histology can
frequently be obtained using a computed tomography (CT)-
guided needle or thoracoscopic biopsy.

Following prior RT that has reached spinal cord tolerance,
patients are considered for surgery based on progression of
neurological symptoms, radiographic progression of tumor, and
spinal instability. Patients with residual radiographic tumor
following radiation or chemotherapy may be considered for
curative surgery (e.g., osteogenic sarcoma, Ewing’s sarcoma,
germ cell tumor). Contraindications to surgery include a lim-
ited life expectancy, significant medical co-morbidities and
extensive disease. Additionally, paraplegic patients are rarely
operated on because of the significantly low rate of recovery,
particularly after 24 h.

3. GOALS OF OPERATION FOR METASTATIC
SPINAL TUMORS

Once the decision to operate has been made, the operative
approach is dictated by the location of the epidural, bone, and
paraspinal tumor, as well as the overall medical and oncologi-
cal status of the patient. The basic tenets of operations for
metastatic spine tumors are fourfold: (1) relieve spinal cord
compression (i.e., resect epidural tumor), (2) achieve mechani-
cal stability, (3) maximize tumor resection (e.g., paraspinal
mass, chest wall resection), and (4) tailor the operation to pro-
duce the least morbidity and best quality of life.

In many practices, the anterior, transcavitary approach is the
primary operation used to treat metastatic spine tumors. This is
an excellent approach for resection of the vertebral body and
anterior paraspinal masses. Spinal cord compression can be
relieved if the epidural tumor is primarily located anterolateral
on the side of the approach by resection of the posterior longi-
tudinal ligament and unilateral pedicle. Resection of the verte-
bral body without resection of the epidural tumor may result in
early progression of neurological symptoms. Anterior recon-
struction can be accomplished with Steinman pins and
polymethylmethacrylate (PMMA), cage, or bone graft and an
anterior plate, however, in some patients, augmentation with
posterior instrumentation may be beneficial to prepare for dis-
ease progression at adjacent levels and to reinforce anterior
instrumentation.

4. POSTEROLATERAL TRANSPEDICLE APPROACH
INDICATIONS

In the authors’ practice, a number of patients present with
vertebral body tumor extending into the epidural space with
270º or circumferential compression resulting in high-grade
spinal cord compression from radioresistant tumor (e.g., sar-

coma, renal cell carcinoma) or in patients who were previously
radiated to spinal cord tolerance. To effectively treat these tumors,
one would need an anterior transcavitary approach to resect the
vertebral body combined with a posterolateral approach to resect
the epidural tumor and decompress the spinal cord. For many
patients, the morbidity from an anterior and posterior approach
seems excessive in light of the patients’ medical and oncologi-
cal co-morbidities. Furthermore, anterior, transcavitary ap-
proaches may be difficult because of prior operations, previous
radiation therapy, or unresectable ventral paraspinal masses.
The solution is to extend the posterolateral approach to include
resection of the vertebral body, which for simplicity sake is
termed a “PTA” (posterolateral transpedicle approach with cir-
cumferential decompression and instrumentation). From a de-
compressive standpoint, other benefits became clear including
the ability to resect three-column bone involvement and to
correct sagittal plane deformities from a single approach. An
advantage over anterior transcavitary approaches is the ability
to initiate epidural tumor resection from a normal dural plane
and to resect multilevel epidural tumor without the need to
resect uninvolved vertebral bodies. The approach can be ex-
tended to include rib or chest wall resection and paraspinal
tumors (e.g., psoas muscle) extending to the lumbosacral
plexus.

In addition to decompressive benefits, circumferential fixa-
tion can also be accomplished from a PTA approach. The an-
terior column can be reconstructed using a standard Steinman
pin and methylmethacrylate construct that has been used
effectively in cancer patients for 30 yr. This, combined with
posterior segmental fixation, makes a rigid, durable construct.

4.1. PTA TECHNIQUE
Patients are positioned prone on lateral chest supports. The

head is placed in a Mayfield pin fixation device. A midline inci-
sion is made at least two segments above and below the level
to be fused. The ligamentous attachments and muscle are taken
off the spinous processes and laminae to the tips of the trans-
verse processes. The rib heads are not exposed unless a chest
wall resection is required. If the dorsal elements are involved
with tumor, care must be taken to dissect the ligamentous attach-
ments and muscle off the tumor without transmitting pressure to
the spinal cord. This is often done with bipolar cautery and
Metzenbaum scissors. Dorsal element and adjacent soft tissue
tumor is then piecemeal resected to the level of the lamina.

4.2. TUMOR DECOMPRESSION
The dorsal bone work is initiated by removing the spinous

processes with a rongeur. The authors have found that the M-8
burr on the Midas Rex drill (Fort Worth, TX) is used to thin the
laminae to a cortical shell or to remove all of the bone exposing
the ligamentum flavum, dura, or epidural tumor. Residual bone
can be removed with a 2 mm Kerrison rongeur. The presence of
a ventral mass compressing the spinal cord prohibits the use of
large Kerrison rongeurs in the spinal canal. The laminectomy
includes the bone overlying the disc spaces adjacent to the
involved vertebral body segment and a normal dural plane
adjacent to the epidural tumor. Bilateral facetectomies and
complete pedicle resection to the base of the vertebral body are
accomplished with the drill and curettes. In the lumbar spine,
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a unilateral facetectomy is often sufficient to gain exposure to
the vertebral body tumor.

Following bone removal, the ligamentum flavum and epidu-
ral tumor are resected with tenotomy scissors starting at the
interface between the tumor and dura. Bipolar cautery used on
a low setting at this interface may help define the proper plane
for dissection. Nerve roots are sacrificed only if they are envel-
oped by tumor in order to maximize the epidural tumor resec-
tion. The nerve roots are dissected free of tumor before ligation
with vascular clips or suture ligatures. Nerve roots have not
been sacrificed in the lumbar spine or when a major radicular
feeding artery to the spine has been identified on preoperative
angiogram.

Having dissected the epidural tumor from the dorsal and
lateral dura, the disc spaces adjacent to the diseased vertebral
body are exenterated to expose normal endplates (Fig. 1B). In
the thoracic spine, it may be necessary to resect a portion of the
pedicle caudal to the involved vertebral body to provide expo-
sure of the caudal disc space. A cavity is created in the vertebral
body by piecemeal resection of tumor using curettes and pitu-
itary rongeurs.

The most common pattern of disease treated with PTA
involves tumor extending from the vertebral body into the
epidural space (Fig. 1A). With this pattern of disease, it is rare
for tumor to insinuate between the posterior longitudinal liga-
ment (PLL) and the dura. This pattern of tumor can often be
predicted from the preoperative magnetic resonance imaging
(MRI) scan. The ventral compressive tumor appears bilobed
with a hypointense line, representing the PLL, between the
vertebral body tumor and the spinal dura. On MRI, the authors
have dubbed this the “v” sign (Figs. 2A and 3A). Resection of
the intact PLL helps provide a gross resection of tumor at the
ventral dura. In the thoracic spine, the plane between the dura
and PLL may be difficult to identify, but can be sharply dis-
sected with tenotomy scissors (Fig. 1D). Curettage or blunt
dissection of the ligament may put excessive traction on the
spinal dura and should be avoided. Once the anterolateral plane
between the dura and PLL has been identified, the PLL can
often be dissected along the ventral dura. The authors have not
encountered significant epidural bleeding following this maneu-
ver. Piecemeal resection of the vertebral body is then completed.
The drill may be used to create a larger cavity or to resect
infiltrated bone.

4.3. INSTRUMENTED STABILIZATION
Spinal reconstruction is initiated anteriorly. Right angle

clamps are used to create starting holes in the vertebral body at
the proper depth for placement of the Steinmann pins. The pin
is generally bent at a 20º angle and driven into cranial vertebral
body using a needle driver with a gentle rotational movement.
The pin is then driven back into the caudal vertebral body. A pin
is then placed on the contralateral side. Once radiographic con-
firmation shows good pin placement, PMMA mixed with 1 g of
tobramycin is placed into the defect covering the Steinmann
pins. The PMMA conforms well to the defect and endplates if
allowed to harden slightly before administration and by drying
the area of blood. The PMMA should cover the pins completely,
so that the construct will remain secure and not rotate (Fig. 1C).
The PMMA expands slightly just before it polymerizes, so it

should not directly abut the ventral dura, however, it should be
compressed against the vertebral end plates with a Penfield 3 to
prevent gaps from forming at the bone cement interface. For
patients with primary tumors, bone graft or a cage (packed with
bone) can be placed from a posterior approach.

Segmental fixation is then applied to the dorsal spine. In
the thoracic spine, a claw construct is applied to one side of
the spine and a compression construct on the contralateral side.
Pedicle screw fixation is most often used in the lumbar spine
and for selected thoracic fixation. Kyphosis correction may be
achieved by under bending the rod and translating the spine into
alignment. Cross-links are applied, unless they are too promi-
nent (Fig. 1D). The wound is pulse irrigated with Bacitracin
irrigant. Posterolateral bone graft may then be applied to deco-
rticated bone for the patients with an expected survival of at
least 1 yr.

5. POSTOPERATIVE CARE

Patients are placed in the intensive care unit for at least 24
h with neurological assessments performed every hour. Intra-
venous antibiotics are continued until the drains are discontin-
ued. Patients are placed on flexicare bed (Hill-Rom, Batesville,
IN) for 2 to 3 d, which seems to decrease the risk of wound
dehiscence. Deep venous thrombosis prophylaxis consists of
pneumatic compression boots. Patients who are predicted to
ambulate early do not routinely receive subcutaneous heparin.
Sitting in chairs is encouraged on d 1, ambulation on d 2, and
walking stairs by d 4. An external orthosis is not used except for
patients with instrumentation extending over the cervicothoracic
junction who are placed in a soft cervical collar.

6. CASE STUDIES
6.1. CASE STUDY 1
In 1995, a 53-yr-old male presented with nonseminomatous

germ-cell tumor and underwent a left orchiectomy, followed
by radical lymph node dissection. He underwent three cycles of
chemotherapy (cisplatin, vincristine, and bleomycin) and had
no remaining evidence of tumor. He was asymptomatic until
January 1998, when he developed lower back pain predomi-
nantly at night and in the early morning (biological), but no
significant pain on ambulation or sitting (biomechanical). Chi-
ropractic manipulation did not improve his pain. In July 1998,
systemic evaluation revealed recurrent retroperitoneal tumor,
lung nodules, and lytic destruction of the L2 vertebral body.
Steroids resolved his back pain and he underwent salvage
chemotherapy (cisplatin, etoposide, and ifosfamide) with a
decrease in his α-fetoprotein (AFP) from 151,000 to 3000.

In January 1999, he developed intractable back and left L2
radicular pain on ambulation (mechanical radiculopathy) with
an increase in AFP to 220,000. CT scan revealed a 15 ⋅ 15 ⋅ 12
cm mass in the retroperitoneum causing lytic destruction of the
L2 vertebral body and facet join and encasing the left L2 nerve
root (Fig. 2A,B). The tumor was judged to be unresectable by
the urologists because of the size of the mass and prior, exten-
sive retroperitoneal surgery. The patient’s expected survival
was at least 6 mo. RT was a potential option, but had a low
probability of resolving the mechanical instability pain or
mechanical radiculopathy.
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Fig. 1. (A) Diagram shows the typical pattern of tumor extending from the vertebral body, pushing the posterior longitudinal ligament
posteriorly to compress the spinal cord bilaterally. (B) Following posterolateral decompression with a high-speed drill, the lateral dura is
stripped of tumor and rhizotomy is performed with vascular clips. The vertebral body is then intralesional resected, followed by sharp dissection
of the posterior longitudinal ligament to obtain an anterior dural margin. (C) Anterior reconstruction is accomplished with
polymethylmethacrylate, impregnated with tobramycin, and Steinman pins. (D) Posterior segmental fixation is placed.
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Fig. 2. Case 1. (A,B) Axial and sagittal magnetic resonance imaging
images show L2 vertebral body replacement with high-grade epidural
thecal sac compression and a massive left paraspinal tumor. (C,D)
Anterior/posterior and lateral plain radiographs show anterior recon-
struction with polymethylmethacrylate and pins and posterior seg-
mental fixation with pedicle screws.
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Fig. 3. Case 2. (A,B) Axial and sagittal magnetic resonance imaging
images show T11 vertebral body replacement extending into the left
T11–L2 facet joint resulting in high-grade spinal cord compression.
Anterior/posterior and lateral radiographs show anterior reconstruc-
tion with polymethylmethacrylate (PMMA) and pins and posterior
segmental fixation using a combination of hooks and screws. (C,D)
Anterior/posterior and lateral plain radiographs show anterior recon-
struction with PMMA and pins and posterior segmental fixation with
pedicle screws and hooks.
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A PTA was performed with unilateral left pedicle resection.
The L2 nerve root was identified in the spinal canal and tumor
was dissected from it to the level of the lumbosacral plexus. The
L2 vertebral body was resected and anterior and posterior fixa-
tion were achieved (Fig. 2C,D). The patient’s pain resolved and
he was able to sit in a chair and ambulate without significant pain.
He died of tumor progression at 5 mo following the operation.

6.2. CASE STUDY 2
A 67-yr-old female presented with a 4-mo history of noctur-

nal back pain. Two weeks before presentation, the back pain
increased dramatically on ambulation. Chest CT scan showed
a new right upper lobe mass. MRI showed a T11 vertebral
body tumor extending to replace the left posterior elements
and causing high-grade spinal cord compression (Fig. 3A,B)
She was neurologically normal. Needle biopsy of the spinal
lesion confirmed poorly differentiated non-small cell lung car-
cinoma.

The treatment decision to operate was based on the presence
of mechanical instability resulting from vertebral body and facet
involvement (biomechanical) and the relative radio-insensitiv-
ity of lung cancer (oncological) in the presence of high-grade
spinal cord compression (neurological).

The patient underwent a PTA to treat circumferential bone
involvement and epidural tumor involvement (Fig. 3C,D). She
had resolution of her back pain and maintained normal neuro-
logical and functional status postoperatively. Six weeks after
her operation, she underwent spinal irradiation to a total dose
of 3000 cGy in 10 fractions and was subsequently started on
chemotherapy. She maintained an excellent performance sta-
tus until progression of tumor 14 mo following her diagnosis
and ultimately died of disease 16 mo after her presentation.

7. RESULTS

The authors reported their initial experience with the PTA in
25 patients over a 15-mo period (2). The patients in this cohort
had fairly advanced systemic tumor, generally could not toler-
ate an anterior and posterior approach to resect the vertebral
body(ies), and had high-grade epidural spinal cord compres-
sion. All patients showed significant pain improvement of
radicular, biological, and mechanical pain. Of the 21 patients
presenting with severe or moderate pain, all had resolution to
mild pain except 2, who had residual moderate pain. Pain
improvement has been seen in 74 to 100% of patients in other
series reporting this approach (1,3,13,16,19,24,26). Neurologi-
cal assessments using the American Spinal Injury Association
impairment scale (15), were stable or improved in 23/25 patients.
Performance status assessment using Eastern Cooperative Oncol-
ogy Group scores (6) showed 22/25 patients achieved a score of 2
or better, in essence able to ambulate and capable of self-care.

Complications in this group included Clostridium difficile
colitis (1 patient), wound dehiscence (1 patient), gastrointesti-
nal (GI) bleed (2 patients), and pulmonary embolism (1 patient).
There was no evidence of fixation failures in the follow-up of
these patients. Three patients (12%) died within 30 d. Of the
perioperative deaths, two patients were fully ambulatory and
had already been discharged from the hospital. One died from
a massive GI bleed, presumably related to perioperative steroid
administration. The second patient died from Clostridium

difficile colitis and the development of toxic megacolon. The
third patient had progressive liver failure related to hepatocel-
lular carcinoma.

The authors initially used the PTA approach for the sickest
patient population, reserving anterior transcavitary or com-
bined approaches for patients with less systemic disease and
medical co-morbidities. Encouraged by the early results, the
PTA has become the approach of choice at our institution for
patients with high-grade epidural compression and vertebral
body tumor. Including the initial 25 patients, the PTA has been
used in 127/404 (31%) operated patients for metastatic spine
tumors over the past 40 mo. The good pain, neurological, and
functional outcomes make this a reliable approach to provide
meaningful palliation in this patient population.
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1. INTRODUCTION

Primary bone tumors are rare, accounting for approx 0.4%
of all tumors, and primary spine tumors represent only approx
10% of all bone tumors (1,2). Overall, primary spine tumors are
much less common than metastatic lesions to the spine. The
nature of a primary bone tumor of the spine depends largely on
the location of the lesion and the age of the patient. Lesions
located within the vertebral body are far more likely to repre-
sent a malignancy, particularly a metastatic lesion, than lesions
in the posterior elements. Up to 75% of tumors located within
the vertebral body are malignant, compared with only 35%
found in the posterior elements (3). Metastatic lesions involve
the vertebral body initially in approx 85% of cases, and are
seven times more likely to involve the vertebral body than
the posterior elements.

The age of the patient also plays a significant role in the
likelihood of a bony spine lesion being malignant. Malignan-
cies, in general, are far more common in older patients. Because
the incidence of most carcinomas peaks in the fourth through
sixth decades, lesions occurring at or beyond this age have a
high likelihood of malignancy. It has been estimated that greater
than 70% of primary tumors in patients older than 21 yr of age
are malignant, compared to patients younger than 21 yr of age,
where the majority of lesions are benign (3). Therefore, the
combination of a posterior element lesion in a young patient is
very likely benign.

Tumors may be “malignant” either by their nature or by their
location. Malignant lesions are aggressive by nature, and are
characterized by their tendency to recur and to metastasize.
Although many primary bone tumors of the spine are benign,
they may have a high morbidity by virtue of their location and

their tendency to cause neural compression. Tumors causing
spinal cord, conus medullaris, cauda equina, or nerve root com-
pression may present difficult therapeutic and technical chal-
lenges and may require aggressive surgery, such as combined
anterior and posterior approaches.

2. CLINICAL FEATURES
Primary benign bony tumors of the spine may either be

asymptomatic or symptomatic. Although the most common
presenting symptom is axial pain, that symptom is notoriously
nonspecific, being present in up to 80% of the population at
some time during their lives. Cancer is an uncommon cause of
low back pain, being reported in less than 1% of patients pre-
senting with back pain in a primary care practice (4). The pres-
ence of pain with non-mechanical features, however, should
raise clinical suspicion of another etiology. Persistent pain,
pain at rest, and nocturnal pain warrants further investigation.
Indeed, the combination of such pain with a neurological defi-
cit should prompt suspicion of a primary or metastatic lesion.
In a large retrospective study of 82 primary neoplasms of the
spine, axial pain was present in 60.2% of patients and radicular
pain in 24% (3). The incidence was similar for both benign and
malignant lesions. In that study, the duration of pain before
diagnosis was nearly twice as long for benign lesions than for
malignancies (19.3 vs 10.4 mo). Features suggesting a benign
tumor rather than a malignancy included: younger patient age,
absence of neurological deficit, and posterior location of the
lesion.

The presence of a painful scoliosis, particularly in an ado-
lescent, should raise the suspicion of a spinal tumor, because
idiopathic scoliosis is not typically painful. Painful scoliosis
associated with unilateral benign intra-osseous lesions such as
osteoid osteoma and osteoblastoma has been reported (5,6).

The etiology of pain in patients with spinal tumors is thought
to result from growth of the tumor and its subsequent expan-



304 BELL

sion. As a tumor expands within the confines of the vertebra,
expansion of the vertebral cortical bony margin may occur with
consequent stretching of the pain-sensitive periosteum. As this
process progresses, pathological fracture may occur and insta-
bility may result. In addition, compression of adjacent struc-
tures may occur. These include neurological structures, such as
spinal cord, conus medullaris, cauda equina, or nerve roots.
Such compression may mimic the pain of lumbar disc disease
(7). Compression of non-neural structures, such as paraverte-
bral soft tissues, may also produce pain.

Neurological deficit is more common with malignant tu-
mors, either primary or metastatic, than with benign primary
tumors (3,8,9). However, approximately one-third of patients
with benign lesions present with a neurological deficit, com-
pared with slightly more than half of those with a primary
malignant vertebral lesion (3).

3. IMAGING

Initial imaging of suspected vertebral tumors should include
standard radiographs. The choice of which subsequent radio-
graphic investigations to order depends on many factors,
including availability, cost, and patient conditions. In most
cases this will include magnetic resonance imaging (MRI), but
the patient may not be a candidate for this owing to factors such
as claustrophobia, obesity, presence of a pacemaker, or metal-
lic hardware from prior surgery in the location being imaged.
When imaging for neural compression is required under such
conditions, myelography, with computed tomography (CT), is
performed. Other imaging, such as bone scanning, may be re-
quired as part of the overall work-up of an undiagnosed spinal
lesion. Additional imaging studies are sometimes helpful in the
diagnosis of some tumors, such as CT, which is useful for CT-
guided biopsy of a suspected lesion.

3.1. PLAIN RADIOGRAPHY
Malignant bony lesions most commonly involve the verte-

bral body, where they are more than seven times more likely to
be found, than in the posterior elements. In general, vertebral
body lesions are more likely to be malignant, whereas posterior
element tumors are more likely to be benign. The sensitivity of
routine radiographs to detect bony spine tumors depends on the
stage of the disease: lesions are more likely to be detected late,
as the disease progresses, than early in its course. Nevertheless,
the detection of primary bone tumors of the spine by routine
radiography has been reported as high as 99% (3).

Because there must be approx 30 to 50% loss of trabecular
bone before a lesion is visible on a routine radiograph, lesions
that involve cortical bone are detected earlier than those that
involve cancellous bone. Because the posterior elements are
composed largely of cortical bone, lesions there are typically
detected earlier than lesions in the cancellous vertebral body
(Fig. 1). Similarly, lesions involving the pedicle, because of its
cortical bone content, are typically detected before they are
recognized in the vertebral body. Therefore, scrutiny of the
pedicles is mandatory for early detection of bone lesions, par-
ticularly metastatic lesions, which tend to involve the vertebral
body. The absence of a pedicle (“winking owl sign”) on the
anteroposterior (AP) radiograph suggests involvement by a
metastatic process. Benign spinal lesions, because of their pro-

pensity to involve the posterior elements, are more likely to be
detected early in the course of the disease than malignant
lesions, many of which involve the vertebral body.

Rapidly growing lesions tend to produce a moth-eaten radio-
graphic appearance, whereas slow-growing lesions produce a
geographic pattern of bone destruction. The presence of a scal-
loped margin to a bony lesion suggests a slow growing tumor
and therefore the likelihood of a benign lesion. Cortical destruc-
tion, on the other hand, indicates a more aggressive lesion and
therefore the likelihood of malignancy.

For the lumbar spine standing AP and lateral X-rays, includ-
ing a spot lateral of the lumbosacral junction, should be obtained.
Oblique lumbar radiographs are rarely necessary and result in a
significant additional X-ray exposure. Similarly, AP and lat-
eral thoracic radiographs are indicated for a suspected thoracic
lesion. For suspected cervical lesions, AP, lateral, and open-
mouth odontoid X-rays are obtained. Oblique films are rarely
indicated and dynamic flexion-extension views may be ordered
later if instability is suspected.

Pathological compression fracture, in the absence of trauma,
suggests either metabolic bone disease or tumor. The presence
of an associated paravertebral soft tissue mass suggests either
tumor or infection. Indeed, the association of vertebral body
collapse with vertebral osteomyelitis has been reported, and
infection should, therefore, be ruled out (10). Disc space
narrowing, particularly when associated with involvement of
adjacent vertebral bodies, suggests pyogenic vertebral osteomy-
elitis rather than tumor because the disc is resistant to spread of
tumor (11).

3.2. RADIONUCLIDE IMAGING (BONE SCAN)
Bone scintigraphy (bone scanning) is a useful imaging

modality that uses radiation emitted from radiopharmaceutical
agents to detect variations in vascularity or osteogenesis (12).
Its primary use is in detecting infectious, traumatic, ischemic,

Fig. 1. Anteroposterior X-ray of lumbar spine in a patient with an
osteoblastoma involving the spinous process of L3. Note the expan-
sion of the enlarged margins (arrows) of the spinous process.
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or neoplastic conditions. It is useful as a broad screening tool
to image the entire skeleton, and is, therefore, particularly use-
ful in detecting bony lesions, both primary and metastatic.

Technitium 99m, the most commonly used radiopharma-
ceutical agent for bone scanning, can detect any process that
alters the normal balance between bone formation and bone
resorption. Conditions that are characterized by an increase in
osteoblastic activity result in increased uptake of technetium
99m (Fig. 2). Such conditions most commonly involve bone-
forming conditions, such as fractures and bone tumors, but also
include other diverse conditions such as osteomyelitis, pseu-
darthrosis, and avascular necrosis. This lack of specificity is a
major drawback to the use of technetium 99m bone scanning.
In addition, false-negative results may occur with some aggres-
sive osteolytic conditions, such as multiple myeloma. It is
important to correlate information from the bone scan with

both clinical information and ancillary imaging modalities,
such as plain radiography, CT, and MRI.

3.3. CT AND CT MYELOGRAPHY
CT is a valuable diagnostic and surgical planning tool that

visualizes the spine directly, and, therefore, provides precise
knowledge of the nature of the compressing lesion. CT shows
bony detail better than any other imaging modality, including
MRI, and is, therefore, particularly useful in imaging for sus-
pected bony lesions. CT provides more information when per-
formed with sagittal reformation, thereby providing orthogonal
(two-plane) imaging (Fig. 3). When ordered routinely, how-
ever, it images only the lower three lumbar levels and, thus, has
the potential to miss proximal lumbar pathology. Therefore,
when scanning for suspected tumors, careful attention must be
paid to alerting the technician to the area of interest.

Fig. 2. Technitium 99 bone scan of the patient shown in Fig. 1 with an
osteoblastoma of the spinous process of L3. The mid-portion of the
lumbar spine at the level of posterior L3 shows increased uptake
(arrow).

Fig. 3. Sagittal (A) and axial (B) computed tomography scan of the
patient shown in Figs. 1 and 2, which clearly delineates the extent and
margins (arrows) of the osteoblastoma of the L3 spinous process.
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The accuracy of CT in identifying and delineating neural
compression can be enhanced by its use following the introduc-
tion of water-soluble contrast agents (intrathecal contrast
enhanced CT or myelo-CT). Myelography alone provides
only indirect evidence of neural compression by demonstrat-
ing changes in the contour of normal contrast-filled structures.
In this respect, it differs from both routine radiography, which
gives no information about neural compression, and CT or MRI,
both of which directly visualize and identify the source of neu-
ral compression. When combined with CT, myelography pro-
vides information about both the presence or absence of neural
compression and its precise nature.

CT is also a useful adjunct for diagnosis when used for a CT-
guided biopsy to confirm and identify a bony lesion.

3.4. MAGNETIC RESONANCE IMAGING
MRI images the spine by a matrix of numbers that have been

assigned a shade of gray, based on the intensity of a radio wave
signal emanating from the tissue. This is owing to the property
of the hydrogen protons within the nuclei to be perturbed in the
presence of a superimposed magnetic field and external
radiofrequency pulse. Typically, osseous structures appear as
areas of relative signal void, with cortical bone having a low
intensity on MRI and cancellous bone, owing to its fat content,
having high signal intensity. The distinction between a small
contiguous cortical bone structure and an adjacent soft tissue
structure on the T1-weighted sagittal image may be difficult,
and precise differentiation between the two may require CT.

MRI, like myelography, images the entire spine and, there-
fore, can detect unsuspected pathology throughout the spine.
MRI visualizes the spine directly, and therefore provides detail
as to the nature and extent of lesions or neural compression
(Fig. 4). Unlike routine CT, however, MRI routinely provides
both sagittal and axial visualization of the spine and, therefore,
provides orthogonal imaging. Furthermore, MRI provides
parasagittal images that sequentially visualize the neural foramina
and can detect lateral compressive pathology. MRI also distin-
guishes between soft tissue and neural tissue better than non-
enhanced CT, but generally does not distinguish between bony
and soft tissue compression as well as CT. When this distinc-
tion is deemed important, CT, particularly contrast-enhanced
CT, is sometimes needed.

4. TYPES OF BENIGN PRIMARY BONY TUMORS
4.1. OSTEOCHONDROMA
Osteochondroma is a common, benign, osteocartilaginous

exostosis characterized by a predominantly bony mass pro-
duced by progressive enchondral ossification of its growing
cartilaginous cap (13). It is thought to expand by growth of
aberrant foci of cartilage on the surface of bone (13). It is a
growing lesion of childhood, ceasing its growth after puberty
or when the epiphyses close. Osteochondromas are usually
solitary lesions, but they may rarely have a familial tendency
and affect many bones with multiple lesions. Such patients with
multiple osteochondromas have a small, but definite, risk of
developing secondary chondrosarcoma.

Approximately 60% of osteochondromas occur in males,
and approximately the same percentage occurs in patients
younger than 20 yr of age. Although this lesion may be found

in any bone that develops by enchondral ossification, it typi-
cally occurs in the metaphysis of long bones. Approximately
50% of the osteochondromas in the Mayo Clinic series were
located in the femur and humerus (13). Only 3% were found in
the spine. Osteochondromas account for a relatively high per-
centage of the benign lesions found in the spine, representing
approx 23% of benign spine lesions in one series (3).

Osteochondromas commonly arise at the site of tendon
insertions, which may partially explain their tendency to be
located in the posterior elements of the spine, where tendon
attachment occurs, rather than in the vertebral body. They are
frequently located at the tips of the spinous processes. They
may be asymptomatic, or may present with pain or neural com-
pression. Pain may be owing to local impingement on adjacent
structures, or may occur from development of a painful bursitis
overlying the osteocartilaginous growth. Osteochondromas
may also occasionally cause neural compression, including
spinal cord compression.

Malignant transformation in the cartilaginous cap of an
osteochondroma is uncommon, but chondrosarcoma may
occur in approx 1% of cases. In patients with the familial form
of the disease exhibiting multiple lesions affecting many bones,
the incidence of developing secondary chondrosarcoma is prob-
ably at least 10% (13).

Treatment of osteochondromas is indicated if there is com-
pression of adjacent neural structures, if there is a significant
increase in size of the tumor, if there are other changes suggest-
ing malignancy, if the diagnosis is uncertain or if there is local-
ized pain. Fortunately, osteochondromas do not often cause
neurological compression, because they do not tend to grow
intraspinally. Treatment consists of surgical removal of both
the bony lesion and the overlying cartilaginous cap. Recur-
rences following resection of the lesion are uncommon.

4.2. OSTEOID OSTEOMA AND OSTEOBLASTOMA
Osteoid osteoma and osteoblastoma are bone-forming lesions

of young individuals, occurring nearly exclusively within the

Fig. 4. T1-weighted sagittal magnetic resonance imaging of patient
with an osteoblastoma of the L3 spinous process. Note the expansile
lesion (arrows), which is causing posterior neural compression of the
cauda equina.
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first three decades of life. Although thought to represent sepa-
rate pathological entities, osteoid osteoma and osteoblastoma
are histologically similar benign osteoblastic lesions that have
similar clinical presentations. Pain is the predominant present-
ing symptom, particularly with osteoid osteoma. The pain from
osteoid osteoma is typically more severe, is more commonly
nocturnal and is characteristically better relieved by salicylates
than that from osteoblastoma. More than 50% of patients with
osteoid osteoma or osteoblastoma in the thoracolumbar spine
present with painful scoliosis (6,14,15,19). When associated
with scoliosis, the lesion is typically located on the concavity
of the curve, and the apex is located within two vertebral levels
of the tumor (6,15). Both lesions have a male preponderance,
with the male:female ratio being approx 3:1 (16,17).

Osteoid osteoma is predominantly a lesion of the appendicu-
lar skeleton, whereas osteoblastoma is commonly located in
the axial skeleton. In the Mayo Clinic series of bone tumors,
44% of osteoblastomas occurred in the spine and sacrum com-
pared to only 6% of osteoid osteomas (16,17). In one review of
82 primary tumors of the spine, 7 of the 31 benign tumors were
osteoblastomata and only 2 were osteoid osteomata. When
occurring in the spine, osteoid osteoma and osteoblastoma are
typically located in the posterior elements. The distinction
between the two entities is based on the size of the lesion: a
lesion less than 1 cm in diameter is arbitrarily designated os-
teoid osteoma, whereas a lesion larger than 2 cm in diameter is
classified as osteoblastoma (18) (Figs. 1–4).

Osteoid osteoma is characterized by a well-delineated, radi-
olucent, central vascular nidus of woven trabecular bone with
a surrounding region of reactive sclerosis. Although its radio-
graphic appearance is usually typical, it may be poorly visual-
ized when it occurs in juxta-articular cancellous bone or in the
sacrum. Under such circumstances, diagnosis may be aided by
technetium 99m bone scanning, CT, or MRI. A normal bone
scan virtually rules out an osteoid osteoma or osteoblastoma.
The appearance of the lesion by CT is characteristic, with a
central radiolucent nidus and a surrounding halo of sclerotic
bone (Fig. 5).

The natural history of untreated osteoid osteoma is unknown,
but spontaneous regression of the lesion may apparently occur
with resolution of symptoms. Treatment of osteoid osteoma
and osteoblastoma is surgical excision. Intra-operative local-
ization of these lesions, however, may be difficult. Use of intra-
operative technetium 99m bone scanning or intra-operative CT
may facilitate localization of the lesion, and intra-operative
radiography of the resected specimen can confirm its removal.
Treatment of osteoid osteoma is en bloc resection of the lesion.
Because osteoblastoma is more aggressive than osteoid osteoma,
excision is the preferred surgical option. Scoliosis associated
with osteoid osteoma or osteoblastoma usually resolves fol-
lowing excision of the lesion, although delay in treatment can
result in the development of a significant structural curve that
may not fully resolve following surgery (6). Routine use of
radiation therapy is controversial because of the risk of devel-
opment of postradiation sarcoma.

4.3. ANEURYSMAL BONE CYST
Aneurysmal bone cyst (ABC) is a benign proliferative lesion

of unknown etiology that is neither a true bone cyst, nor an

aneurysm, nor neoplastic (19). It typically affects patients
younger than 20 yr of age and has a slight female predomi-
nance. Presenting symptoms include axial pain, reduced range
of spinal motion, and symptoms of neurological compression.

ABC affects the spine in approx 10 to 20% of cases, in which
it has a predilection for the posterior elements 60% of the time
(19,20). It is an expansile, osteolytic lesion of bone, often with
sclerotic margins suggesting a slow growing process. As the
lesion progresses, it may assume a soap bubble appearance
with eggshell thin cortical margins, which may progressively
expand and blow out (21) (Fig. 6). An unusual feature of ABC
is its tendency to expand from one vertebra to another, a dis-
tinctly uncommon feature, which distinguishes it from other
lesions (19).

Anatomically, ABCs have a tendency to involve both the
anterior and posterior elements. In one large series of 22 patients
with ABCs, all patients had involvement of the posterior ele-
ments (pedicle and/or lamina) and no patient had involvement
of the vertebral body alone. Of the 22 patients, 14 (64%) had
involvement of both the vertebral body and posterior elements
(20). This suggests that the lesion most likely starts within the
posterior elements and secondarily invades the vertebral body
(20).

Treatment of ABC is surgical excision. Because of its highly
vascular nature, preoperative embolization may be useful to
reduce its vascularity. The addition of radiation therapy to par-
tial surgical resection or curettage is controversial, but does not
seem to provide an incremental benefit and may predispose to
sarcoma formation (20). The use of radiation alone is associated
with as much as a 50% recurrence rate and is, therefore, not
recommended (20). Because the vertebral body is commonly
involved, combined anterior and posterior surgical resection
and reconstruction is frequently required. Where complete re-
section is not feasible, curettage may be performed, although it
is associated with a higher rate of recurrence. Recurrence is
nearly twice as common in long bone ABCs as in vertebral
lesions and is nearly three times more common in patients
younger than 15 yr of age than in patients older than 15 yr (19).

Fig. 5. Axial computed tomography scan of a young patient with an
osteoid osteoma involving the right lateral mass of C5. Note the cen-
tral radiolucency surrounded by sclerotic margin (arrows).
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4.4. GIANT CELL TUMOR
Giant cell tumors are locally aggressive, slow-growing

tumors that typically present between the second and fourth
decades of life. In one study of 31 vertebral giant cell tumors
above the sacrum, the female to male ratio was 3:1 (1,22).
Female predominance is also characteristic of giant cell tumors
elsewhere in the body.

Giant cell tumors are uncommonly located in the spine. In
a multicenter, multinational study of 1277 giant cell tumors,
only 2.7% were localized to the spine (7). They may be found
in any region of the spine. Up to 70% of spinal giant cell tumors
are located within the vertebral body, and are frequently asso-
ciated with pedicle involvement. Only 15% are isolated to the
posterior elements (6). It typically appears as an area of rar-
efaction on routine X-ray. As the tumor expands, it may pro-

duce cortical expansion of the vertebra resulting in pathologi-
cal fracture. CT is particularly helpful in characterizing the
lesion, which may exhibit scalloped borders by CT. CT is also
extremely helpful in the postoperative evaluation following
surgical excision. Giant cell tumor may be confused with ABC
and benign osteoblastoma. The presence of a lesion in the pos-
terior elements, either exclusively or in conjunction with ante-
rior vertebral body involvement, suggests the diagnosis of ABC
rather than giant cell tumor.

Although considered a benign osseous lesion of the spine,
giant cell tumor differs from other benign lesions by its more
aggressive nature. It is considered by some to be a low-grade
malignancy (23). Accordingly, its prognosis is not as favor-
able as other primary bony lesions of the spine. Giant cell
tumors are characterized by both their high local recurrence
rate and by their more aggressive local extension. Overall
recurrence rates as high as 40 to 50% have been reported for
giant cell tumors of the spine (22,24–26). In a study of 82
primary neoplasms of the spine, 31 of which were benign, local
recurrence was seen in 21% of those undergoing surgery for
their tumors, half of which occurred in patients having giant
cell tumors (3).

Because of its locally aggressive nature, surgical treatment
of giant cell tumors must be radical (22,27). Surgery for these
tumors is challenging because of its anterior location, its fre-
quent extension into the pedicle often necessitating combined
anterior and posterior surgical approach, and its occasional
profuse bleeding. Curettage of giant cell tumors should gener-
ally be avoided in favor of a more definitive and aggressive
attempt at complete excision. En-bloc excision affords the best
prognosis for cure and local control (22,27,28). The use of
postoperative radiation therapy is controversial and is gener-
ally not recommended if adequate resection is obtained. Sarco-
matous change within the tumor has been reported in up to 10%
of patients undergoing radiation therapy for giant cell tumor.

4.5. HEMANGIOMA
Hemangiomas are common spine lesions that are typically

located within the vertebral body and are often noted as inciden-
tal findings by MRI (Fig. 7). Spinal occurrence is common,
occurring in approx 10% of people (29,30). In the Mayo Clinic
series, 24% of all hemangiomas were located in the spine. It is
likely that their current incidence in the spine might be even
higher with incidental detection by MRI being common. They
are generally thought not to cause symptoms, although they
may occasionally be a source of pain if there is collapse of the
vertebra.

Hemangiomas are easily identified by CT (Fig. 8) or MRI
(Fig. 9), although they can be detected even on routine radio-
graphs as a lytic area with characteristic vertical striations from
abnormally thickened trabeculae and without cortical expan-
sion (Fig. 10). In this respect they differ from Paget’s disease,
which is characterized by both vertical striations and bone
expansion. For cases where the hemangioma is thought to be
symptomatic, therapeutic options include radiation therapy,
angiography with embolization of the tumor, or vertebral aug-
mentation with polymethylmethacrylate.

Treatment of hemangiomas depend on the degree of symp-
tomatology. In the spine these lesions are commonly asymp-

Fig. 6. Axial computed tomography scan (A) and axial magnetic
resonance imaging (B) of an aneurysmal bone cyst. The lesion is
expansile and well marginated (arrows) with a soap bubble appear-
ance.
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Fig. 7. Sagittal magnetic resonance imaging of patient with an asymp-
tomatic hemangioma involving L4. Note the typical increased (white)
signal intensity of the lesion.

Fig. 8. Axial computed tomography scan of an L4 hemangioma. Note
the stippled appearance of the lesion within the body of the vertebra.

tomatic and can be ignored. When symptoms such as pain are
present in a patient with a hemangioma, it must first be deter-
mined whether or not the two conditions are causally related. If
so, treatment with radiotherapy should be considered because
these lesions are radiosensitive. If neurological symptoms from
spinal cord, cauda equina, or nerve root are present, surgical
excision is indicated. When spinal cord compression is present,
angiography is indicated to determine the vascular supply to
the cord and to determine the feasibility of preoperative embo-
lization of the tumor.

Fig. 9. Axial magnetic resonance imaging of the same patient shown
in Fig. 8 with an L4 hemangioma.

Fig. 10. Lateral lumbar X-ray of the patient with a hemangioma shown
in Figs. 8 and 9. Note the vertical striations of the vertebral body
without associated expansion of the margins of the bone.

4.6. EOSINOPHILIC GRANULOMA
Eosinophilic granuloma (EG) is a benign, self-limited con-

dition of children and young adults. Initially described by Calvé
(31), it was originally thought to represent osteochondritis of
the vertebral body. It is now considered one of the triad of entities
(EG, Hand-Schuler-Christian disease, and Letterer-Siwe disease)
comprising the histiocytosis X diseases (reticuloendotheliosese).

Skeletal lesions of EG most commonly involve the skull, but
any bone is a potential target. Spinal lesions may occur in up to
10 to 15% of cases, most commonly in the lumbar spine (29).
In the spine, EG appears as a discreetly defined focal destruc-
tive lesion of bone that typically involves the vertebral body
and pedicle. The spectrum of vertebral involvement ranges from
a purely lytic lesion without collapse, to partial collapse and
even complete collapse. The latter is termed vertebra plana.
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Calvé (31) described the radiographic appearance as resem-
bling the edge view of a silver dollar . Although EG is the most
common cause of vertebra plana, this condition is also seen
with other conditions such as tuberculosis, fungal infections,
and malignancy.

Treatment of EG consists of observation and use of symp-
tomatic bracing, as needed (32). The condition is usually self-
limited and the vertebral body may partially or completely
reconstitute (33,34). Vertebral body collapse may, however, be
associated with neural compression and require decompressive
surgery with stabilization (35).

5. PROGNOSIS

Benign bony spinal tumors generally have a very good prog-
nosis. With the exception of giant cell tumors, recurrences are
uncommon. In one series of 31 patients with benign tumors, the
overall 5-yr survival rate was 86% with local recurrences occur-
ring in 21% of operated patients (3). Half of the recurrences,
however, occurred in patients with giant cell tumors, and two
of the four patients with giant cell tumors eventually died from
recurrence of their tumor associated with spinal cord compres-
sion. Overall, there was no association between the survival
rate and the extent of the surgical excision.

6. CONCLUSION
Primary benign osseous lesions of the spine represent an

uncommon neoplastic condition. Benign lesions are more com-
monly associated with younger patients, absence of a neuro-
logical deficit and localization in the posterior elements of the
vertebrae. Radiographic features suggesting a benign, rather
than malignant, lesion include well-defined borders with scal-
loped margins and absence of cortical breakthrough or paraver-
tebral soft tissue mass. Features suggestive of malignancy
include older patient age, progressive neurological deficit, non-
mechanical pain (e.g., night pain), and location within the ver-
tebral body. Because benign primary bone tumors of the spine
are generally slow growing, are easily accessible from a poste-
rior approach, and generally do not recur following excision,
surgery is usually palliative and rewarding.
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1. INTRODUCTION

The primary goal of treatment for patients with malignant
primary spine tumors is to provide cure, or the best chance of
cure, if possible. If cure is not possible, we seek to palliate pain
and provide early return to function and activity, to maintain or
improve neurological function, and to provide a stable spinal
column. The “upside” to an aggressive resection of a primary
spinal malignancy has never been higher, making the “down-
side” to a poorly planned or executed surgery all the more
unacceptable. With improved medical and radiotherapies, the
treating physician now has the opportunity—and the obliga-
tion—to carefully tailor treatment to the biology and stage of
each specific spine tumor (Table 1). The role of surgery differs
depending on tumor type, stage, and location.

2. INDICATIONS FOR SURGERY

Not all patients with spine tumors require surgery, but few
primary malignancies will be treated entirely without surgery.
Patients with clearly benign tumors may simply be observed,
and those with diffuse metastases may be treated with local
radiotherapy and systemic chemotherapy. Primary malignan-
cies found in the spine, however, are better managed with more
aggressive surgical methods, both in terms of local control and
long-term survival. Surgical resection is indicated when the
patient presents with an isolated primary lesion or a solitary site
of recurrence amenable to en-bloc resection, when the primary
lesion requires surgery for local control because of radio-resis-
tance, whether widely respectable or not, or when the tumor
causes severe pain, neural compression, or segmental instabil-

Table 1
General Treatment Approach for Spine Tumors

Therapeutic option Appropriate applications

Observation Indolent and clearly benign tumors
(hemangioma, osteochondroma, bone
island, bone infarct)

Radiotherapy Metastatic lesions from a known
radiosensitive primary (multiple
myeloma, breast carcinoma)

Chemotherapy Metastatic lesions from a known
chemosensitive primary (thyroid)

Intralesional excision, Benign tumors with limited potential
curettage for recurrence (aneurysmal bone cyst,

osteoblastoma), radiosensitive
metastatic lesions with adjuvant
radiation therapy

Marginal excision +/– Locally aggressive benign lesions (giant
adjuvant cryotherapy cell tumor), radiosensitive primary and
or radiotherapy metastatic lesions (plasmacytoma,

breast and prostate carcinoma), low-
grade malignancies

Wide excision All primary malignancies without known
metastases (osteosarcoma,
chondrosarcoma, chordoma), solitary
metastases with likelihood of prolonged
survival (breast, prostate, renal cell
carcinoma), locally aggressive benign
tumors (giant cell tumor)

ity, irrespective of metastatic status. The relative importance of
surgical treatment to outcome depends on the tumor type. Ra-
dio-resistant chondrosarcomas or chordomas are rarely cured
unless an adequate surgical margin is obtained. A radiosensi-
tive plasmacytoma may benefit from surgical stabilization and
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reduction of tumor burden, but radiotherapy provides excellent
local control in most cases.

3. STAGING BEFORE SURGERY

The anatomic extent of the primary lesion must be defined
in three dimensions before a rational and successful surgery
can be planned. Extension of the tumor beyond regional barri-
ers and into vital tissues must be recognized and accounted for
in the surgical plan. Although true anatomic compartments (as
defined by Enneking [1]) do not exist in the spinal column,
certain anatomic structures provide natural planes for dissec-
tion and wide excision (Chapter 4). The vertebral body, ante-
rior and posterior longitudinal ligaments, the intervertebral
disks, and the dura may all be resected to avoid leaving residual
tumor behind. Neural, muscular, and some vascular structures
may all be sacrificed to obtain a clear surgical margin in pri-
mary malignancies. Some vital structures (aorta, trachea/
esophagus) can be resected and reconstructed when survival
depends on the surgical margin, but only if proper planning is
carried out in advance. Such an aggressive approach is as well
justified in the spine as in extremity surgery: a complete resec-
tion provides the best chance for both local control and cure of
the disease.

4. CLASSIFYING TUMORS

To select the best approach to tumor resection, the vertebral
body may be divided into four zones, I–IV, and tumor exten-
sion can be defined as A–C for contained (intra-osseous), local
extension (extra-osseous), or metastatic spread (Fig.1) (2). A
zone IA lesion would be contained within portions of the
spinous process and laminae, pars interarticularis, and/or infe-
rior facets. Zone IIA includes the superior articular facets, trans-
verse processes, and the pedicle from the level of the pars to its
junction with the vertebral body. Zone IIIA includes the ante-
rior three-fourths of the vertebral body, whereas zone IVA
designates involvement of the posterior one-fourth of the body,
that segment immediately anterior to the cord. Type B lesions
begin in the involved zone, but extend beyond the boundaries
of the cortical bone. Type C lesions have developed regional or
distant metastatic spread.

The best surgical approach is determined by the zones involved
and the extent of the local tumor spread. Although the patient’s
survival and outcome depend on the stage, type, and grade of
tumor, an aggressive surgical approach to tumor control can
provide a survival benefit even when true en-bloc excision is
not achieved (3,4).

5. MALIGNANT PRIMARY TUMORS

The surgical approach varies depending on tumor type, as
well as stage. The various aspects of tumor biology and clinical
behavior that influence surgical planning are illustrated by the
tumor types listed in Subheadings 5.1.–5.5.

5.1. OSTEOSARCOMA
Approximately 2% of all primary osteogenic sarcomas arise

in the spine, almost always in the vertebral body. This high-
grade sarcoma expands rapidly within the bone, and is quick to
extend beyond the cortical margins into the adjacent soft tis-
sues. Patients typically present with pain and often have neu-

Fig. 1. Anatomic extent of spine tumors by zone. (A) Axial cut through
L2 zones I–IV. A (intra-osseous lesions confined within the bound-
aries of the cortical spine), B (extra-osseous extension), and C (distant
metastases) stages. (B) Lateral views of L2 zones I–IV.

rological compromise. Metastases occur early and often. Ver-
tebral osteosarcoma arising from Paget’s disease or previous
radiation therapy has an even more grim prognosis (5–7). Ra-
diographic studies demonstrate cortical destruction, soft tissue
calcification, and vertebral collapse in advanced cases. Com-
puted tomography (CT) and magnetic resonance imaging
(MRI) demonstrate intraspinal and paraspinal soft tissue
masses, permitting comprehensive pre-operative planning
(Fig. 2, Telangiectatic OGS).

Treatment of high-grade sarcoma of the spinal column is
most challenging, and the outcome in these tumors has tradi-
tionally been poor. Limited tumor excision and radiotherapy
provided median survival ranging only from 6 to 10 mo (5,6).
A more aggressive surgical approach, with a serious attempt at
en-bloc resection, has resulted in longer survival times and a
measurable rate of cure (3,4,7,8). In A- and B-stage lesions,
complete excision with a cuff of normal tissue (muscle, pleura,
nerve root) offers the best opportunity for local control and
cure. When a clear margin cannot be obtained, the best attempt
should be made to resect any contaminated margins, including
sections of dura. Improvements in adjuvant radiotherapy and
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chemotherapy protocols have provided greatly improved sur-
vival and disease-free survival in these circumstances.

5.2. EWING’S SARCOMA
Approximately 3.5% of all Ewing’s tumors arise in the spi-

nal column, many originating in the sacrum (9,10). Patients
usually present in the second or third decade of life, and neu-
rological signs are present 58 to 64% of the time (9,10). These
tumors usually emanate from the vertebral body, but extension
into the posterior elements and canal can occur. Ewing’s tumors
present a permeative appearance on radiographs, making diag-
nosis difficult even in advanced disease. Collapse of the verte-
bral body creates a vertebra plana that may be indistinguishable
from eosinophilic granuloma (11). Surgical treatment to decom-
press the neural elements and stabilize the vertebral column is
beneficial, but effective treatment of Ewing’s sarcoma involves
multi-agent chemotherapy and high dose radiotherapy. Com-
bining surgical extirpation with systemic chemo- and radio-
therapy may further improve prognosis (12).

5.3. CHORDOMA
Chordoma is a relatively rare malignancy occurring pre-

dominantly in older patients. The tumor arises from remnants
of the primitive notochord (13) found in the sacrococcygeal
and suboccipital regions of the spine, and occasionally from
notochordal rests within thoracic or lumbar vertebrae (14).
Although this low-grade lesion is characterized by slow, relent-
less local spread, chordoma is a fully malignant lesion capable
of distant metastases. Early symptoms are usually mild and
unrecognized, and pain and neural dysfunction progress slowly
as the tumor expands. Chordomas may reach a considerable
size before symptoms of constipation, urinary frequency, or
nerve root compression prompt the patient to see a physician.
A firm, fixed presacral mass can usually be palpated on rectal
exam.

CT is helpful to define the destruction of bony architecture
and MRI is mandatory to define the extent of the tumor for
presurgical planning. Patient survival depends on local control
of the tumor, and surgical extirpation of the tumor, with a wide
margin, is the only curative procedure, as these lesions are
notoriously resistant to radio and chemotherapy (Fig. 3). En-bloc
excision is associated with the least risk of local recurrence, but
may be terrifically challenging (14,15). Sacropelvic reconstruc-
tion after extensive resection may require multiple stages to
complete, and morbidity is universal among patients with large
lesions.

Fig. 2. (A–C) Neurofibrosarcoma: degenerative sarcoma arising in a
previously benign neurofibroma. (A) A 26-yr-old patient with previ-
ous fusion for scoliosis resulting from her neurofibromatosis, pre-
sented with acute paraplegia. Computed tomography scan
demonstrates a large extramedullary tumor within the spinal canal.
(B) At the time of presentation, this extremely aggressive tumor had
filled the left hemithorax, making the routine thoracotomy impos-
sible. (C) An emergent decompression was performed, with complete
vertebrectomy. However, considering the patient’s poor prognosis
for survival, the reconstruction was performed using
polymethymethacrylate, which provides immediate stability and
strength, but may begin to loosen after 6–12 mo.
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Fig. 3. (A,B) Illustration of reconstruction performed for L3 chor-
doma. (C,D) Lateral X-ray views taken postoperatively. No signs of
recurrence to date. (A,B) Computed tomography and sagittal mag-
netic resonance imaging of sacral chordoma, demonstrating involve-
ment of S1 vertebra. Tumor extended proximally into the spinal canal
involving S1 vertebra and nerve roots. (C) Resection of tumor neces-
sitated removal of S1 vertebra. Reconstruction with sacral prosthesis
allowed early mobilization and protected weight bearing. (D) Six
months postoperatively patient was ambulating in braces, with an L5
level of motor control. Three years after surgery the patient remains
disease free.
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5.4. CHONDROSARCOMA
Approximately 7 to 10% of chondrosarcomas arise in the

spinal column (16,17). Most of these tumors are low grade, so
they grow slowly and are relatively resistant to radiotherapy
and chemotherapy. A high rate of recurrence leads to the poor
prognosis of spinal chondrosarcoma.

Radiographically, chondrosarcoma has a fairly characteris-
tic appearance. In advanced disease, there is a large area of
bone destruction and an associated soft tissue mass with floc-
culent calcifications within it. If there is no soft tissue mass the
vertebral lesion may be primarily lytic, with sclerotic margins,
and with no mottled calcification (18).

Complete surgical excision is required to cure spinal chon-
drosarcoma. This may be impossible to obtain in some verte-
bral lesions. In 1971, Stener (19) pioneered en-bloc excision of
chondrosarcoma of the spine. All of the larger series since then
have demonstrated the importance of obtaining negative mar-
gins in an en-bloc fashion to disease-free survival (17,20–22).
Excision of the overlying soft-tissue capsule, muscle, pleura or
peritoneum, and as wide a margin of vertebral bone as possible,
is crucial to success.

5.5. SOLITARY PLASMACYTOMA
Multiple myeloma and solitary plasmacytoma are two mani-

festations in a continuum of B-cell lymphoproliferative dis-
eases. Because the natural history of these two lesions differs
so significantly, the clinical distinction between solitary plas-
macytoma and multiple myeloma is important.

True solitary plasmacytoma is an uncommon entity, com-
prising 3% of all plasma cell tumors. Although the course of
multiple myeloma is often rapidly progressive and lethal, soli-
tary plasmacytoma may allow prolonged survival if local con-
trol can be obtained. Prior to recent advances in bone marrow
transplantation, the 1-yr mortality rate for patients with mul-
tiple myeloma involving the spine was 76%, and the 4-yr mor-
tality nearly 100% (23). At that same time the 5-yr disease-free
survival for solitary plasmacytoma was roughly 60% (24).

The treatment of choice in spinal lesions of either solitary
plasmacytoma or multiple myeloma is radiation. Because of
the radiosensitivity of this tumor, surgical treatment has less
influence in determining outcome than it does in other tumor
types. Surgical intervention is usually reserved for cases with
cord compromise or spinal instability, though resection of large
solitary lesions may also reduce the body’s tumor burden
before radiotherapy. Palliative stabilization of fractured
vertebrae through either kyphoplasty or vertebraplasty may
offer immediate pain relief for patients undergoing systemic
therapy or radiation.

6. SURGICAL TREATMENT
6.1. SURGICAL APPROACH
Choosing the correct approach is, perhaps, the most impor-

tant step in treating primary spinal malignancies. The approach
selected must provide adequate access for tumor excision and
for stabilization of the spine thereafter. If both operations can-
not be performed through the same incision, the surgeon must
plan for a combined approach. An ill-planned approach may
leave the surgeon unable to complete the excision of the tumor,
compromising the outcome and complicating every treatment
step thereafter.

Zone I lesions are best approached posteriorly, and the extent
of excision must be based on any soft-tissue extension seen on
pre-operative studies (Fig. 4). Zone II lesions are also more
easily excised through a posterior or posterolateral approach
and should be similarly stabilized. The need for stabilization
following zone I and II resections depends to a great extent on
the spinal segment involved. Extensive laminectomies in the
cervical or thoracic spine routinely lead to progressive kypho-
sis, and posterior instrumentation prevents this by restoring a
posterior column tension band to combat the normal tensile
loads seen in these segments. In the lumbar segments kyphosis
is less of a concern than translational deformities and back pain.

Zone III lesions should be approached anteriorly. Adequate
resection of zone IIIA lesions can usually be obtained, but zone
IIIB lesions should be carefully evaluated for invasion or adher-
ence of tumor to the great vessels of the thoracic cavity, retro-
peritoneal structures of the abdomen, or critical neurovascular
elements, esophagus, or trachea in the cervical region. Recon-
struction may be performed with or without internal fixation
depending on the extent of the resection and the inherent stabil-
ity of the residual elements.

Zone IV lesions indicated for en-bloc excision must be
managed through a combined anterior and posterior surgical
approach. These lesions provide major technical challenges to
the surgeon before, during, and after the actual tumor resection.
Zones I, II, and/or III must be crossed at some point to provide
access to zone IV, and frequently more than one zone is involved
with tumor. Complete excision of IVA lesions can be accom-
plished, but tumor margins must often be violated. En-bloc
excision requires vertebrectomy, essentially separating zone II
from zones III and IV through combined approaches, and in
such cases both anterior and posterior columns must be stabi-
lized. Failure to provide sure fixation and an adequate bone
graft may result in loss of fixation, with catastrophic neurologi-
cal complications if hardware migrates into the canal or if
excessive kyphosis develops (17).

After the appropriate work-up has been completed, the sur-
geon must incorporate three crucial elements into a coherent
surgical plan: (1) determine the proper margin of resection, (2)
assess the need for neurological decompression, and (3) plan
the reconstruction.

6.2. RESECTION MARGINS
The ideal resection margin is determined by the biology of

the tumor and its stage (Table 1). Obtaining a wide or marginal
margin rather than an intra-lesional margin improves survival
and protects against local recurrence in both primary malignan-
cies (25) and isolated metastases (26–29). Obtaining the widest
margin possible is essential in many locally aggressive or
malignant primary tumors, particularly those that do not respond
well to irradiation. A wide margin can be obtained in most iso-
lated lesions in zones IA through IIIA because the tumor can
usually be completely resected. Type IVA lesions can often be
resected cleanly, but only by removing the surrounding com-
partments as well.

An adequate margin can be difficult to obtain in type B
lesions. Type B lesions may not be completely resectable with-
out resecting nerve roots, producing serious neurological defi-
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Fig. 4. Resection planes for primary malignant tumors arising in zones I–IV. (A) Approach to zone IA tumor involving spinous process or
lamina. A wide laminectomy separating the spinous process from the bordering facets and pars interarticularis allows the dorsal lesion to be
removed with an ample cuff of surrounding tissue. (B) Approach to zone IIA lesion involving facet, transverse process, or pedicle. A
contralateral laminectomy combined with an osteotomy of the ipsilateral pedicle allows the lesion to be removed with a wide margin of bone
and a cuff of overlying tissue. (C) Approach to zone IIIA primary tumor involving anterior vertebral body. A direct anterior approach permits
the surgeon to develop a circumferential plane over the vertebral body, leaving the anterior cuff of soft tissues undisturbed. After discectomy
to further free the involved body, an osteotome is used to cut out the segment containing the lesion. In high-grade lesions the pedicles may be
osteotomized and the body removed en bloc. (D) Approach to zone IVA tumor involving vertebral body and posterior cortex. Zone IV lesions
also involve zone III, by definition. This two-stage approach begins with a posterior decompression and removal of the lamina, facets, and both
pedicles down to the vertebral body. The annulus of the disc is divided at this point and the pedicles packed with bone wax or
polymethylmethacrylate cement to prevent hemorrhage from the vertebral body to contaminate the field with tumor cells. An anterior approach
permits formal corpectomy, removing the tumor and any soft tissue mass en bloc with the overlying capsule. If tumor is adherent to the dura,
the decision to excise the dura is made based on the tumor’s sensitivity to adjuvant radio- or chemotherapy.

cits. The decision to attempt a wide or radical resection in these
cases must be weighed against the risk of neurological deficit.

Special mention should be made of sacral tumors. Partial
or total sacrectomy with a combined anterior and posterior
approach is essentially an internal amputation, with the poten-

tial for a wide margin in selected cases. The complication rate
is high, mostly because of wound problems and infectious com-
plications. If nerve roots can be spared, bladder and anorectal
function can be retained (30,31).
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6.3. NEURAL COMPRESSION
Spinal cord or cauda equina compression may result from

one of four processes: (1) direct compression by an enlarging
soft tissue mass, (2) pressure owing to fracture and retropulsion
of bony fragments into the canal, (3) severe kyphosis following
vertebral collapse, or (4) pressure owing to intradural metastases
(32). The most common cause of cord compression is mechani-
cal pressure from tumor tissue or bone extruded from the col-
lapsing vertebral body (33).

The most reliable way to optimize neurological function in
these patients is to maintain it in the first place. The behavior
of each neoplasm is determined by its intrinsic biology (27,34–
36), and understanding the tumor biology allows the surgeon to
predict which lesions will endanger neurological structures and
how rapidly. Severe neurological deficits are difficult to recover
from: 60 and 95% of the patients who can walk at the time of
diagnosis will retain that ability following treatment, but only
3 to 65% of paraplegic patients will regain the ability to walk,
and fewer than 30% of quadraplegic patients will walk again
(34,35,37–39). The rate at which the neurological deficit
progresses also influences the likelihood of recovery. A patient
who progresses from intact status to a major deficit in less than
24 h has a poor prognosis for recovery irrespective of treat-
ment. Conversely, compression that has evolved over a period
of months has a far more favorable prognosis for recovery fol-
lowing treatment (33).

Primary malignancies commonly arise in the vertebral body,
and when they encroach on the spinal cord the anterior columns
are compressed first. The patient typically loses motor function
first, with progressive loss of sensory function as the cord is
pressed back against the lamina. Laminectomy is usually a poor
choice for these patients as it does not directly decompress the
cord, rarely allows a satisfactory resection margin, and it may
add to the instability of the spinal column (33). Anterior resec-
tion has far better track record for neural improvement and
tumor control.

6.4. RECONSTRUCTION
After resection of a tumor, some form of reconstruction will

be needed to restore the mechanical stability of the spine and
compensate for the loss of bony elements. The stabilizing con-
struct must restore the anterior weight-bearing column when-
ever a significant amount of the vertebral body has been
resected at one or more levels. Without reconstruction, col-
lapse and kyphosis will result. Likewise, segmental instrumen-
tation must be applied after extensive laminectomy to restore
the posterior tension band, especially in cases where facet joints
have been removed. This will help to prevent kyphosis and can
compensate for resected musculature. Finally, combined ante-
rior and posterior reconstructions should be performed follow-
ing extensive resection for larger tumors. Problems of construct
failure can be avoided by extending the fixation construct sev-
eral levels above and below the tumor, combining anterior and
posterior instrumentation, and by maximizing the number of
fixation points. Although radiation therapy will impair the pro-
cess, strive for biological fusion in patients who are likely to
survive more than 3 to 6 mo.

6.5. PLANNING SURGICAL TREATMENT
The cumulative experience of many authors has led to the

following recommendations:

1. Use a posterior approach for tumors of the upper cervical
spine.

2. Anterior approaches are optimal for the majority of lower
cervical, thoracic, and lumbar lesions because most tumors
are located in the body in these regions (37,39–41).

3. A posterior approach in the lower cervical, thoracic, and
lumbar spine is desirable only for tumors of the posterior
elements.

4. Use costotransversectomy and intra-lesional approaches only
for tumors that are clearly sensitive to radio- or chemo-therapy
or when cure by surgical route is not possible (42–44).

5. Use a combined anterior and posterior approach for en-bloc
spondylectomy (19,29,45–49).

6.5.1. Instrumentation
Although Harrington distraction rods and Luque rods with

sublaminar wires were used successfully in the past, they have
been supplanted by newer segmental instrumentation systems.
These systems are versatile, with hook and screw fixation pos-
sible at multiple levels. The superior strength and resiliency of
these constructs allows them to be used even in cases where the
posterior elements have been completely resected or destroyed
by tumor. The surgeon can contour rods or plates to restore
sagittal alignment and can either compress or distract sepa-
rately at each intercalary level. Pedicle screws offer more se-
cure anchorage than hooks, and can be used in both the thoracic
and lumbar spine with good results (Fig. 5) (50).

Because most implant systems are now available in tita-
nium, these systems also allow better postoperative imaging
and follow-up than was possible in the past. Despite their greater
versatility, however, these new systems cannot overcome bio-
mechanically unsound circumstances without additional sup-
port or compensation. In areas of excessive bending stress,
such as the transitional zones between the occiput and upper
cervical spine, and the cervicothoracic and thoracolumbar junc-
tions, fixation may have to be extended over more levels to
avoid loosening or failure. Also, in cases where a significant
portion of the anterior and middle spinal columns is missing or
collapsed, posterior instrumentation can fatigue and fail, either
through hook or screw failure, or breakage of the longitudinal
rod (51). An anterior strut graft or cage, added to the posterior
construct, compensates for the excessive axial loads and insures
a successful reconstruction. Finally, pedicle screws can be aug-
mented with polymethylmethacrylate (PMMA) to provide reli-
able, lasting fixation in poor quality bone (52).

6.5.2. Anterior Reconstruction
Anterior spinal reconstruction using PMMA remains some-

what controversial. Although use in traumatic spinal instability
has led to significant complications and failure, most authors
agree there is a role for cement in stabilizing metastatic spinal
lesions. This role has become more limited, however, as better
alternatives have become available, and particularly in primary
spinal lesions where the expectation after a successful excision
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Fig. 5. (A,B) Pedicle screw reconstruction after resection of primary spine tumor. (C,D) Zombar. (A) Axial computed tomography scan of
chondrosarcoma originating from T11 osteochondroma in a 45-yr-old woman. Lesion involved structures from zones II, III, and IVB, without
metastasis or invasion through the parietal pleura. (B) Coronal magnetic resonance imaging demonstrates cartilage mass of T11 chondrosa-
rcoma. Lesion involved structures from zones II, III, and IVB, without metastasis or invasion through the parietal pleura. Soft tissue
pseudocapsule can be seen (arrows). (C) Resection plan for chondrosarcoma using a midline posterior approach. (D) Pedicle screw and rod
reconstruction after successful resection. Disease free at 2-yr follow-up.

is for continued local control and a significant disease-free
survival. PMMA is resilient in compression, but has no poten-
tial for biological integration. It should be used only as a spacer,
providing a temporary internal splint in anticipation of even-
tual bony arthrodesis or inevitable demise. If arthrodesis is not
obtained, it is only a matter of time before the methacrylate
construct fails; only patients with a very limited life expectancy
should be indicated for methacrylate fixation without bone
grafting. Longitudinal Steinmann pins may be incorporated

into the PMMA mass to enhance both the bending resistance of
the construct and its fixation to the adjacent vertebral bodies.
Anterior plates can also be used to increase the rigidity of this
construct (53). Care must be taken to avoid contact of the
PMMA with the dura, to maintain enough space for the sac, and
to prevent thermal injury. This is especially important when the
patient is supine, in which case a sheet of Gelfoam may be used
to shield the thecal sac while the cement polymerizes under a
constant flow of saline irrigation (54).
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Fig. 6. Anterior reconstruction after L1 vertebral resection. Longitu-
dinal plate (A) controls motion in all planes and prevents strut graft
and cage from migrating or collapsing. The cage (B) shares the axial
loads of the spine and prevents the screws placed in T12 and L2 from
loosening or breaking. The patient is mobilized to a chair the evening
of surgery, and begins transfers the next day.

Prosthetic cages with morselized autograft, tricortical strut
grafts, and allograft bone struts are used for patients with a
longer anticipated survival. Grafts should be keyed into the
vertebral endplates, whereas the endplates should not be vio-
lated when using titanium cages. These devices and struts need
to be combined with anterior or posterior instrumentation to
provide stable fixation suitable to allow the patient out of bed
in a brace (Fig. 5). The goal is complete bony arthrodesis and
results in attaining this have been good (55,56).

Anterior plate fixation may be combined with anterior col-
umn reconstruction to restore sagittal, coronal, and torsional
rigidity following vertebrectomy, eliminating the need for pos-
terior instrumentation in some patients (Fig. 6) (57). Plate fixa-
tion also minimizes the likelihood that the strut graft or cage
will displace. There is less need to key the graft into the adja-
cent vertebral bodies, and the graft can be impacted directly
into the hard vertebral endplates. Because the graft or cage rests
on the endplates, there is less chance of subsidence over time.
Expandable cages make fitting into the vertebral defect easier
and also allow the surgeon to correct kyphosis at the time of
placement (Fig. 7).

Several carbon fiber vertebral replacement prostheses have
become available recently, which can provide both the mechani-
cal support necessary for axial stability and the potential for bone
ingrowth or arthrodesis without the morbidity of harvesting
large tricortical autografts. These can be connected to the pos-
terior instrumentation providing a stable construct for large
defects. Modularity and radiolucency are other advantages (58).

7. SUMMARY
The prognosis for survival has improved dramatically for

patients with primary spinal neoplasms over the past 30 yr.
New approaches to systemic disease have improved survival
and quality of life even in those patients who cannot be cured.
As adjuvant therapies have improved, the importance of man-
aging spinal column disease and protecting cord function has
increased.

Fig. 7. (A,B) Anterior reconstruction with titanium cages. (A) Mesh
titanium cages can be cut to fit the vertebrectomy defect. Packed with
autograft bone, they provide a weight-bearing strut until fusion oc-
curs. In cases where life expectancy is limited, the cages may be filled
with methylmethacrylate cement. (B) Expandable cages provide the
same mechanical benefits, but can be adjusted in place to correct
residual deformity and provide optimal fit.

Advances in surgical technique and biomaterials have re-
duced many of the postoperative complications that plagued
earlier treatment techniques. Newer fixation techniques have
eliminated many of the instrumentation failures previously
seen, and now allow rapid mobilization with limited or no brac-
ing. Patient recovery is quicker, and return to normal function
and independence more rapid and assured.

Improved medical management, antibiosis, and preopera-
tive planning, along with techniques of pre-operative embo-
lization and early postoperative mobilization have made
surgical management less risky. Treatment of primary spinal
malignancies can now focus aggressively on cure and rapid
return to normal activity and function.
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1. INTRODUCTION

Complications related to the treatment of spinal neoplasms
are often associated with inaccurate pre-operative assessment
and diagnosis, as well as the definitive surgical procedure. A
careful history and physical examination can lead to the appro-
priate diagnosis (1) and identify co-existing premorbid condi-
tions, which may require further evaluation before operative
intervention. Appropriate radiological and laboratory studies
are important because they may lead to the correct diagnosis and
direct proper treatment (2). In general, once a lesion is identified,
a biopsy should be obtained to make a definitive diagnosis.
Exact techniques of the biopsy and the definitive treatment
should be tailored to the nature and location of the lesion and
the patient’s general condition and life expectancy. A
multidisciplinary team approach consisting of surgical, medi-
cal, and radiation oncologists, combined with experienced
radiologists and pathologists, helps optimize patient care. The
goals of operative intervention of spinal tumors are pain con-
trol, maintenance, or improvement of neurological function,
eradication of the tumor, and maintenance of spinal stability,
and the attainment of normal coronal and sagittal alignment.
Attention to details and appropriate goal-oriented intervention
should help decrease the incidence of complications related to
spinal surgery. The anticipation and management of complica-
tions of the treatment of spinal tumors are discussed in this
chapter.

2. PRE-OPERATIVE PLANNING

Many complications could be obviated by a careful initial
evaluation. The history is often helpful in separating neoplastic
processes from other causes of back pain. Pain associated with
tumors is characteristically persistent, progressive, worse at
night, and present at rest. The age of the patient helps narrow
the differential diagnosis. Metastatic disease, multiple myeloma,
and chordoma are more common in patients older than 40 yr.
Eosinophilic granuloma, osteoid osteoma, osteoblastoma, and
Ewing’s sarcoma are more common in children and young
adults. Leukemia and neuroblastoma are malignancies found in
the younger child. A previous history of cancer increases the
likelihood that the lesion is a metastatic deposit.

Intradural, extramedullary tumors are mostly benign and
frequently grow in relation to a nerve root. Radicular pain that
is worse at night is common. Intramedullary tumors are often
painless. Centrally located tumors can affect pain and tempera-
ture sensation in a segmental fashion without affecting light
touch or position sense because the fibers controlling pain and
temperature are located centrally in the spinal cord. This “seg-
mental differential sensory deficit” or “dissociated sensory
loss” is characteristic of an intramedullary tumor (3). The most
common location of intramedullary tumors is the cervical spi-
nal cord and, therefore, the hands are frequently affected early.
Subsequently, long tract signs, weakness, and incontinence may
develop. The evolution of these symptoms is almost invariably
slow, and this fact, associated with the absence of pain, is
responsible for misdiagnoses such as multiple sclerosis and
cervical spondylosis.

The physical examination should include a general survey,
because primary tumors from breast, prostate, lung, rectum, or
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thyroid may be detected. Sacral chordoma are often palpable on
rectal examination. A careful neurological examination is
mandatory to detect early signs of spinal cord compression. An
elderly patient with a new onset of persistent back pain should
have an evaluation to rule out tumors or infections. Signs and
symptoms of spinal cord compression include persistent back
pain, difficulty maintaining balance, wide-based gait, fatigue
after a short walk, bowel or bladder incontinence, paresthesias,
and weakness of the extremities. Early diagnosis of spinal cord
compression, and the commencement of appropriate treatment
may prevent irreversible neurological deficits and deformity.

Complete blood cell count with differential, erythrocyte
sedimentation rate, and C-reactive protein may help differen-
tiate neoplastic from inflammatory disorders. Prostate specific
antigen, serum protein electrophoresis, and thyroid function tests
should be ordered if the diagnosis is unclear. Calcium, phos-
phate, and alkaline phosphatase levels are altered in metabolic
diseases such as osteomalacia, Paget’s disease, and hyperpar-
athyroidism. Roentgenographically, severe osteoporosis is often
difficult to distinguish from multiple myeloma. Paget’s disease
also mimics osteoblastic tumors such as prostate carcinoma.
Further metastatic studies, such as mammography and chest or
abdominal computed tomography (CT), should be obtained in
accordance with the suspected primary carcinoma. Although
metastatic lesions are the most common tumors of the spine,
primary tumors including benign and malignant bone tumors,
intraspinal tumors, and cysts should be considered in the differ-
ential diagnosis. Metabolic disorders such as osteoporosis (Fig.
1) and Paget’s disease should also be considered in the differ-
ential diagnosis (4). Spinal infections should be ruled out, par-
ticularly in immunocompromised patients. Occasionally, an
infection and tumor may exist in the same individual (5).

Conventional high-quality roentgenographs are non-inva-
sive, low-cost studies utilized to evaluate the level of the lesion,
the local anatomy, and the overall alignment. CT helps define
bony architecture and integrity, whereas magnetic resonance
imaging (MRI) provides additional information on soft tis-
sue and neural involvement (6). MRI is useful to differenti-
ate malignant spinal tumors from infections (7) and benign
compression fractures (8). Vertebral osteomyelitis usually
involves the disk space and adjacent vertebral body end
plates with decreased signal intensity on the T1-weighted images
and increased signal intensity on the T2-weighted images (Fig. 2).
Spinal tumors do not usually involve the disc space. Malignant
compression fractures of the spine, as compared to benign
compression fractures, are more likely to demonstrate bony
destruction, involvement of the pedicle, and a soft tissue epi-
dural component (Fig.3).

Pre-operative angiography is invaluable for tumors with
significant vascularity. Metastatic renal cell carcinoma and
myeloma are particularly vascular. Pre-operative embolization
may be effective in reducing blood loss (9–12). Angiography
also identifies the feeding artery to the spinal cord, which may
be involved by tumor. Additionally, if the tumor is close to a
major artery, angiography will help define this relationship and
its clinical significance.

3. BIOPSY

A biopsy of the lesion is often essential before rendering
definitive treatment (13). The clinician must provide adequate
and representative tissue for interpretation without compro-
mising further intervention. The careful planning and execu-
tion of the biopsy decreases the likelihood of adverse effects on
the prognosis and on treatment options. Confirmation of the
tissue diagnosis is preferred. Many definitive procedures are
performed, based on frozen section analysis. If the diagnosis is
equivocal on frozen section analysis, the definitive procedure
should be postponed, if possible. Image-guided large-bore core
needle biopsies are usually diagnostic when evaluated by an
experienced pathologist (14). Needle biopsies minimize soft
tissue contamination and hematoma formation compared to an
open biopsy. Open biopsies are performed if the needle biopsy
is nondiagnostic or if the patient has spinal cord compression
that requires emergent decompression. The definitive proce-
dure can be performed if the frozen section analysis is diagnos-
tic and the surgeon is prepared to perform the appropriate
procedure. Proceeding with a definitive procedure is not pru-
dent if equivocal frozen section analysis results are rendered or
if the diagnosis is consistent with a primary bone tumor. Cul-
tures and sensitivities for bacteria, fungus, and mycobacterium
should be sent if the frozen section analysis is nondiagnostic.

Needle biopsies for the thoracic, lumbar, and sacral spine is
usually performed in the prone position under fluoroscopic or
CT guidance (15). Local anesthesia minimizes injury to neural
structures because the patient can communicate abnormal sen-
sations, which may indicate proximity of the needle to impor-
tant structures. An estimate of the point of needle insertion is
obtained by placing the needle over the lesion in the midline.
The distance from the tip of the localization needle to the lesion
should equal the distance from the insertion point of the biopsy
needle to the midline if a 45º angle is used for the needle trajec-
tory (16). This distance is usually 8 to 10 cm in the lumbar
spine, 6 to 7 cm in the thoracolumbar junction, and 4 to 5 cm in
the thoracic spine (17–19). A local anesthetic is infiltrated us-
ing a long 22-gage needle. The needle should point at a 45º
angle, while image guidance monitors the progress of the
needle. Constant aspiration on the needle will help identify
vessels if encountered. The periosteum and the needle tract are
anesthetized. The large-bore core needle biopsy is advanced in
the same tract under image guidance. A piece of gel foam is
inserted into the biopsy site through the needle if excessive
bleeding is encountered. An experienced pathologist should
confirm that an adequate amount of representative tissue was
obtained. Following biopsy, the patient should be closely moni-
tored for bleeding complications. Percutaneous needle biopsy
is also utilized to access anterior cervical spine lesions (20). C2
lesions can be biopsied through an oblique, submucosal
transoral approach through the buccal space under general
anesthesia under CT guidance. Complications associated with
needle biopsies include neural injury, paraspinal hematoma,
infection, pneumothorax, meningitis, and death (21–25).

An open biopsy can be incisional or excisional. Dorsal lesions
are occasionally amenable to an excisional biopsy by perform-
ing a laminectomy. Ventral cervical exposure is utilized for
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Fig. 1. Osteoporotic burst fracture initially treated as metastatic cervical carcinoma. A 69-yr-old female with a L1 osteoporotic burst fracture,
severe back pain, and paraparesis. The patient had a remote history of cervical cancer. T1- and T2-weighted sagittal, (A,B) and axial, (C,D)
magnetic resonance imaging (MRI). A pathological fracture associated with metastatic cervical carcinoma was presumed, and radiation therapy
was initiated. Radiation therapy was stopped after consultation with the spinal surgery team. No evidence of malignancy was identified on
histological examination of the vertebral body. Careful evaluation of the MRI shows that there is no soft tissue mass, no epidural extension,
and no pedicle or posterior element involvement.

incisional biopsies of ventral cervical spine lesions. Open biop-
sies for ventral lesions located in the thoracic and lumbar spine
frequently employ the transpedicular approach (30). The pre-
cise localization of the thoracic and lumbar pedicles is impor-
tant. Intra-operative imaging is helpful. Costotransversectomy
and dorsolateral approaches are occasionally utilized for thoracic
and lumbar lesions. Recently, use of endoscopy has become popu-

lar for thoracic lesions for biopsy or excision of lesions (26).An
experienced pathologist should confirm that an adequate
amount of viable and representative tissue was obtained. If not,
more tissue should be obtained. If the definitive procedure is
not performed at the time of the biopsy, meticulous hemostasis
should be obtained before skin closure to minimize risk of
hematoma formation.
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Fig. 2. Discitis initially diagnosed as an osteoporotic compression
fracture. A 67-yr-old male with metastatic colon cancer to the liver
presented with a 5-mo history of low back pain. A bone scan showed
increased uptake at L5 (A). T1- and T2-weighted magnetic resonance
imaging of the lumbar spine showed abnormal signal at L5, S1, and
the L5–S1 disc (B,C). The radiologist felt that these findings were
consistent with an osteoporotic compression fracture. However, os-
teoporotic compression fractures do not usually result in increased
signal in two adjacent vertebral bodies and the disc on T2-weighted
images. A computed tomography-guided biopsy demonstrated acute
inflammatory cells and gram positive diplococci. Pan-sensitive co-
agulase negative staphylococcus was identified. His back pain im-
proved with intravenous antibiotics.

Prolonged survival and decreased incidence of local recur-
rence has been reported with complete excision of malignant
primary bone tumors of the spine as compared to incomplete
resection (27–29). Suboptimal performance of the biopsy may
decrease the ability to perform complete excision of the tumor
(30,31).

4. SURGICAL APPROACH

Before performing a specific procedure, indications for sur-
gery should be strictly defined. Most primary tumors of the
spine that are malignant or locally aggressive should be surgi-
cally removed, provided that radiation therapy and chemo-
therapy, or in combination, are not sufficiently effective alone.
The surgical indications and considerations for metastatic
tumors include the presence of significant neurological defi-
cits, deformity, failure of non-operative treatment, medical
status, and oncological prognosis of the patient. The surgical
approach obviously depends on the type and location of the
tumor. As in any other primary tumors in the extremities, sur-
gical margins should be respected when possible. Even for
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Fig. 3. Spinal cord compression from metastatic rhabdomyosarcoma.
A 61-yr-old female with a history of nasopharyngeal rhabdomyosa-
rcoma presented with a 2 wk history of severe mid-thoracic back pain.
The axial and sagittal magnetic resonance imaging (MRI) (A,B)
showed a compression fracture of the T7 vertebral body with epidural
extension. The radiologist did not feel that these findings were con-
sistent with metastatic tumor. However, the bilobed appearance of the
epidural extension is commonly seen on the axial MRI in patients with
spinal cord compression secondary to metastatic tumor. A computed
tomography-guided biopsy at T7 confirmed the presence of meta-
static rhabdomyosarcoma. She was treated with corticosteroids and
radiation therapy.

certain metastatic tumors such as hypernephroma and thyroid
carcinoma, en-bloc excision should be attempted if feasible.
Most metastatic tumors in the spinal column are present in the
vertebral body, and therefore, a ventral approach is most fre-
quently used to perform corpectomy or vertebrectomy. Spinal
reconstruction includes fusion and stabilization, which should

be rigid and stable whenever possible. Postoperative fixation
failure and pseudarthrosis frequently occur owing to inadequate
spinal fusion and instrumentation techniques. Dorsal augmen-
tation of fusion and instrumentation should be considered to
maximize the rigidity of the surgical construct and fusion suc-
cess. Thorough familiarity of surgical anatomy and surgical
approaches to the cervical, thoracic, and lumbar spine is impor-
tant to prevent intra-operative complications.

5. POSITIONING

Avoidance of abnormal pressure on the eyes can prevent
corneal abrasions and blindness. Constant attention by the sur-
geon and the anesthesiologist helps minimize ocular pressure.
Foam headrests with open areas over the eyes and Mayfield
tongs or headrests are devices that minimize direct pressure on
the eyes.

Avoiding shoulder abduction beyond 80º minimizes the like-
lihood of brachial plexus traction injuries. Avoiding direct pres-
sure on the ulnar nerves decreases the likelihood of ulnar nerve
neuropraxia. Padding the knees helps prevent pressure ulcers.
Minimizing external pressure on the abdomen increases blood
flow through the inferior vena cava, which probably decreases
blood flow through the epidural venous system resulting in
decreased blood loss and increased visibility during excision of
the tumor. An axillary roll is utilized in the lateral decubitus
position to prevent brachial plexopathy of the down arm. Pad-
ding over the greater trochanter prevents pressure ulcers and
protection of the peroneal nerve of the down leg prevents pero-
neal nerve injuries.

The axillary roll and flexion of the table at the waist invari-
ably creates a scoliotic deformity. Minimizing the size of the
axillary roll and the flexion in the table will help decrease the
deformity. Reversing the flexion of the table, combined with
appropriate manipulation of the spinal instrumentation, also
helps minimize the deformity.

6. APPROPRIATE LEVEL AND SIDE

Identifying the appropriate spinal level is facilitated by
intra-operative examination and radiographs. The level of the
clavicle and mandible relative to the cervical level are readily
visible on a lateral radiograph. The hyoid bone is usually at C3,
the thyroid cartilage overlies C4 and C5, and the cricoid carti-
lage usually overlies C6. Following a ventral approach, a spinal
needle placed within the disc helps confirm the appropriate
level. A bayonet bend at the end of the needle helps prevent
posterior over penetration of the needle into the spinal canal.

Palpation of the last rib and counting the ribs from within the
thoracic cavity help identify the appropriate thoracic level
during ventral thoracic approaches. Lateral radiographs and
palpation of the L1 transverse process and the last rib help
identify the thoracolumbar junction during dorsal approaches.
Palpation of the iliac crest in comparison to the corresponding
lumbar level combined with an intra-operative radiograph and
palpation of the sacrum, help identify the target site in the lum-
bar spine (32). Ultimately, a soft tissue mass, tumor, and local
bone destruction or collapse, usually assist in confirming the
appropriate level.
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7. COMPLICATIONS
7.1. NEUROLOGICAL COMPLICATIONS
Although neurological improvements are often observed

after tumor resection, patients who have advanced neurologi-
cal deficits pre-operatively may have worsening of their deficit
postoperatively. Awake intubation with the aid of a fiberoptic
light is helpful to prevent excessive cervical manipulation dur-
ing intubation of patients with cervical spine tumors. Ventrally,
the tumor is removed with a combination of rongeurs and
curettes. Careful removal of tumor, bone, or disc material in
the lateral corner near the uncovertebral joint may help avoid
nerve root injury. Careful utilization of a diamond burr along
the posterior longitudinal ligament may be of assistance.
Removal of the posterior longitudinal ligament removes
microscopic deposits of tumor and may decrease the rate of
local recurrence. Dorsolateral decompressions utilize a lami-
nectomy at the involved level and the bone overlying the rostral
and caudal disc spaces adjacent to the involved level. The use
of a burr, curettes, and small caliber Kerrison rongeurs mini-
mizes forces on the previously compromised thecal sac and
underlying cord or cauda equina.

Inadvertent penetration of the spinal canal should be
avoided. Evaluation of the radiological studies helps identify
areas of weak bone and relatively wide interlaminar spaces.
The utilization of broad elevators over large interlaminar spaces
or posterior arch deficiencies is preferred over utilization of
sharp-pointed instruments, which can pass through the defects.
Gentle subperiosteal dissection of the soft tissue at levels of the
spinal cord compression is recommended to minimize motion
and pressure during exposure of the dorsal elements. A dia-
mond burr or very small Kerrison rongeur may be utilized to
perform the laminectomy at this level.

The depth of ventral grafts, cages, or cement may be assessed
intraoperatively by examination and lateral radiographs. The
stability of the graft should be maintained by compressive forces
placed on the graft. If neurological complications are discovered
postoperatively, a lateral radiograph may be obtained to deter-
mine the position of a ventral interbody strut and the adminis-
tration of steroids may be considered. CT or MRI can be helpful.
If a hematoma or bone graft malalignment is suspected, explo-
ration usually is recommended.

Injury to the sympathetic chain can result in a Horner’s syn-
drome. The cervical sympathetic chain lies on the ventral sur-
face of the longus colli muscles just dorsal to the carotid sheath.
Subperiosteal dissection helps prevent damage to these nerves.
Horner’s syndrome is usually temporary but can be permanent
in approx 1% of patients (33). The lumbar sympathetic chain
lies medial to the psoas muscle. Transection of this structure
usually results in vasodilation of the vessels to the ipsilateral
extremity.

7.2. DURAL TEARS
Perforations of the dura mater may lead to cerebrospinal

fluid leakage, neurological impairment, pseudomeningocele
formation, cerebrospinal fluid fistula, meningitis, or wound
healing problems. Dural tears may occur during excision of the
ligamentum flavum, but more commonly during manipulation
of the dural sac to free adhesions. Burrs, curettes, and rongeurs

should be used in a cautious manner. Dural tears should be
closed primarily using a 4:0 or 5:0 nonabsorbable suture while
avoiding constriction of the spinal cord or cauda equina. Fibrin
adhesive sealant helps reinforce the repair (34). Local fascial
graft, free fat graft, collagen-based dural graft matrix, and gel
foam are often utilized to augment the repair (35). Large tears
may require repair with fascial grafts, allograft dura, or syn-
thetic dural material. The anesthesiologist should increase
intrathoracic pressure by Valsalva maneuver to distend the
dura and ensure proper sealing of the repair. The paraspinous
muscle, overlying fascia, subcutaneous tissue, and skin should
be closed in multiple layers in a water-tight manner. Drains are
usually avoided, although some authors advocate utilization of
a drain if an adequate repair was performed (36).Postoperative
spinal fluid leaks and pseudomeningoceles, paradoxically, are
more likely to occur with small perforations in the dura mater
compared to large openings. Pre-operative radiation therapy
increases the incidence of wound dehiscence and spinal fluid
leakage. If skin dehiscence is present, skin closure with a run-
ning nonabsorbable suture may stop further leakage. Insertion
of a lumbar subarachnoid or subcutaneous drain may allow
healing of the wound and ultimate closure of the fistulous tract.
These bedside procedures are not predictable, and are associ-
ated with bed confinement for several days and the potential for
infection. Empiric broad-spectrum intravenous antibiotics are
instituted until wound drainage ceases and the drain is removed.
If prompt improvement is not observed, the surgeon is encour-
aged to explore the wound and repair the dural leak. If the
exact site of leakage is difficult to discover, a lumbar injection
of 10 mL of indigo-carmine may help to identify the dural
opening. Intrathecal methylene-blue is avoided because of its
neurotoxicity. Subarachnoid-pleural fistulas are difficult to
treat because the negative intrathoracic pressure encourages
flow from the intrathecal space into the intrathoracic cavity.
Pedicled flaps may be required to augment these repairs (37).

7.3. COMPLICATIONS ASSOCIATED WITH SPINAL
INSTRUMENTATION

Complications related to posterior spinal instrumentation
include hook dislodgement, neural element encroachment,
pedicle screw failure, hardware prominence, and junctional
kyphosis. Erosion of visceral or vascular structures, penetra-
tion of the spinal canal, and interbody instrumentation
dislodgement can occur with ventral spinal instrumentation.
The goal of instrumentation is to provide sufficient spinal sta-
bility to allow early mobilization and to maintain spinal align-
ment. Instrumentation also improves the likelihood of spinal
fusion in patients with prolonged life expectancies.

Patients with metastatic disease often present with multi-
level spinal column involvement. A screening cervical, tho-
racic, and lumbar spine sagittal MRI will help define the extent
of tumor involvement. Posterior spinal instrumentation should
have a normal vertebra cephalad and caudal to the construct to
help prevent junctional failures. Transverse process hooks are
reserved for levels with uninvolved dorsal elements and are used
sparingly in patients with myeloma or osteoporosis because the
transverse process is more susceptible to fracture in these situ-
ations. Pedicle screws and supralaminar or infralaminar hooks
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may provide better fixation in these patients. Polymethylmeth-
acrylate (PMMA) injected into the vertebral body before
pedicle screw fixation may improve screw purchase. Patients
with osteoporosis or diffuse spinal involvement should be instru-
mented in situ. Excessive correction forces on the instrumenta-
tion may lead to dislodgement of the instrumentation. Precise
contouring of the rod in the sagittal plane may help minimize
junctional failures. Lower profile instrumentation should be uti-
lized in thin patients to prevent prominent hardware. Supple-
mental fixation with offset laminar hooks at the end of the
construct decreases pedicle screw bending moments and migra-
tion, which may provide a more durable construct (38).

Single-level vertebral body involvement can often be treated
with a vertebral body reconstruction and ventral instrumenta-
tion. PMMA has a similar modulus of elasticity to cancellous
bone and provides a broad surface with structural support.
Securing the cement to the adjacent vertebral bodies helps pre-
vent dislodgement (39–41). Careful contouring of the cement,
as well as saline irrigation during the exothermic reaction, helps
prevent impingement of the dura and thermal damage. PMMA
usually provides durable structural support when utilized in
compression as an interbody strut (39–41). However, loosen-
ing and failure of fixation have been reported with PMMA
supplementation of dorsal fixation (42). Structural bone graft
and carbon fiber and titanium cages also provide durable struc-
tural support. Utilizing a cage with a broad surface area should
help prevent failure of the cage secondary to cage instability or
penetration into the endplate. Ideally, slight distraction of the
spinal column is performed to help place the cage followed by
gentle compressive forces to enhance stability of the cage.
Ventral spinal instrumentation improves the stability of the
construct and may prevent dislodgement of the interbody instru-
mentation. Vertebral body screws should be directed away from
the spinal canal to avoid canal penetration. The instrumentation
should be placed away from visceral structures and vessels to
avoid erosion of these structures. Low profile, locking cervical
plates with unicortical screws can help prevent esophageal ero-
sion, screw loosening and canal penetration.

7.4. VISCERAL INJURY
Esophageal perforation can occur during ventral cervical

spine procedures. Sharp retractors should be avoided. Use of a
nasogastric tube helps identify the esophagus during surgery. If
an esophageal perforation is suspected, then methylene blue
injected in the nasogastric tube can identify occult esophageal
injuries. An intra-operative consultation with a head and neck
or general surgeon is recommended and primary repair is usu-
ally performed. Unrecognized esophageal perforations can
present later as an abscess, a tracheosophagcal fistula, or medi-
astinitis. The usual treatment consists of intravenous antibiotics,
nasogastric feeding, drainage, debridement, and repair by a sur-
geon with expertise in treatment of esophageal disorders (43).

Injury to the lung can occur during exposures of the rib or
costovertebral junction during anterior or posterolateral spinal
procedures. Careful subperiosteal dissection of the ribs usually
provides exposure of the rib without violating the parietal
pleura. Holding ventilation and utilization of a double lumen
endotracheal tube (T1–T6) during transthoracic approaches

before entering the pleura helps minimize risk of injury to the
lung during anterior procedures. A tube thoracostomy is usu-
ally placed if the pleura is entered during the dorsolateral
approach and almost always after anterior approaches.

Transection of the anococcygeal ligaments allows careful
separation of the rectum from the sacrum during the posterior
portion of distal sacrectomy and coccygectomy procedures.
Placement of a rectal tube can facilitate identification of the
rectum.

7.5. PULMONARY COMPLICATIONS
Pulmonary complications commonly occur after reconstruc-

tive spinal procedures in patients with cancer. Atelectasis,
pneumonia, pneumothorax, and aspiration are the most fre-
quently encountered complications. Expansion of the lung
before extubation, deep breathing, coughing, and early mobi-
lization are techniques utilized to prevent atelectasis and pneu-
monia. Aggressive pulmonary toilet, early mobilization,
bronchoscopy, and antibiotics are utilized to treat pneumonia.
A small apical pneumothorax following chest tube removal
usually resolves with observation, but a persistant, symptom-
atic, or large pneumothorax may require replacement of a tube
thoracostomy. A pneumothorax refractory to non-operative
treatment may require further investigation and treatment.
Aspiration is prevented by elevation of the head of the bed,
control of nausea and vomiting, judicial utilization of
nasogastric suction, and minimizing oversedation.

7.6. GENITOURINARY COMPLICATIONS
Ureteral injuries usually occur during retroperitoneal dis-

sections around the bifurcation of the common iliac vessels
(Fig. 4) (44–47). Ureteral stents enhance identification of the
ureter, and are recommended for reoperations in the retroperi-
toneal space and for sacral lesions with a large soft tissue com-
ponent. Retrograde ejaculation can occur if the superior
hypogastric sympathetic plexus is injured during dissection on
the ventral portion of the upper sacrum. Bowel, bladder, and
sexual dysfunction are common after a total sacrectomy. Near
normal bowel, bladder, and sexual function are expected with
bilateral S2 nerve root or unilateral S2, S3, and S4 preservation.
Patients with neurogenic bladders are treated with intermittent
clean catheterization, which has a lower incidence of urinary
tract infections compared to prolonged indwelling bladder cath-
eters (47).

7.7. DYSPHAGIA AND HOARSENESS
Dysphagia after ventral cervical surgery may be caused by

hemorrhage, edema, denervation, or infection (49). A hematoma
can cause airway obstruction or spinal cord compression (50).
Meticulous hemostasis, placement of a drain, and elevation of
the head in the immediate postoperative period can help pre-
vent these complications. Careful identification and ligation of
the superior or the inferior thyroid artery can prevent arterial
bleeding. Airway obstruction after extubation may occur in the
postoperative period. Airway exchange is confirmed before
extubation. Prolonged retraction of the soft tissues can result in
retropharyngeal edema. Postoperative intubation (51) and cor-
ticosteroids are considered until the edema decreases.

If persistent dysphagia is present, a barium swallow or an
endoscopy should be considered. Minor hoarseness or sore
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Fig. 4. Left retroperitoneal urinoma secondary to left distal ureteral
perforation. A 55-yr-old female with a left sciatic notch pleomorhphic
liposarcoma. T2-weighted axial magnetic resonance imaging (A). A
hemipelvectomy and partial sacral excision was performed. The pa-
tient developed a large, retroperitoneal fluid collection that was in
continuity with the sacrum (B,C). She denied headaches. The fluid
collection spontaneously drained and the wound sealed. The patient
declined a radionucleotide cysternogram to evaluate for cerebrospi-
nal fluid leakage. The fluid recollected, and a percutaneous aspiration
revealed a creatinine level of 19 mg/d. The urinoma was treated with
percutaneous drainage and a left nephrostomy tube. A subsequent left
nephrostogram demonstrated left distal ureteral extravasation of con-
trast. The distal ureteral injury was treated with a ureteral stent. The
ureter crosses the bifurcation of the common iliac artery or the begin-
ning of the external iliac artery, and can be injured during anterior
approaches to the lumbar or sacral spine.

throat after a ventral cervical approach is usually caused by
edema or endotracheal intubation. Occasionally, laryngeal
nerve palsy causes hoarseness (52,53). The external branch of
the superior laryngeal nerve travels along with the superior
thyroid artery to innervate the cricothyroid muscle. Damage to
this nerve may result in hoarseness, but often produces symp-
toms such as easy fatiguing of the voice. The inferior laryngeal
nerve is a recurrent branch of the vagus nerve, which pierces the
cricothyroid membrane and innervates all of the laryngeal
muscles except for the cricothyroid muscle. On the left side, the
recurrent laryngeal nerve travels under the arch of the aorta and
is protected in the left tracheoesophageal groove. On the right
side, the recurrent laryngeal nerve passes around the subcla-
vian artery, and then dorsomedially to the side of the trachea
and esophagus. It is vulnerable as it passes from the subclavian
artery to the right tracheoesophageal groove. The right inferior
laryngeal nerve is occasionally nonrecurrent, and travels directly
from the vagus nerve and carotid sheath to the larynx. This
anomaly occurs when the right subclavian artery arises directly
from the aortic arch, rather than from the innominate artery
(8,80). The subclavian artery then passes dorsal to the esopha-
gus and recurrence of the inferior laryngeal nerve does not
develop. If hoarseness persists for more than 6 wk following
anterior cervical surgery, laryngoscopy should be done to
evaluate the vocal cord and laryngeal muscles. Treatment of
inferior laryngeal nerve palsy includes observation to allow for
spontaneous recovery of function. Further treatment or surgery
by an otolaryngologist may be necessary in persistent cases.

7.8. ILEUS/GASTROINTESTINAL
Postoperative ileus can occur after spinal procedures, par-

ticularly following ventral procedures at the thoracolumbar,
lumbar, or sacral levels. Ileus is often treated with nasogastric
tube suction, iv fluids, and delayed oral intake until intestinal
function returns.

7.9. VASCULAR COMPLICATIONS
Vascular injuries can occur during ventral and dorsal appro-

aches to the spine. The common carotid artery, branches of the
external carotid artery, the vertebral artery, and the internal
jugular vein can be injured during anterior cervical approaches.
Palpation of the common carotid artery, followed by careful
dissection ventrally between the trachea and the carotid sheath,
helps prevent injuries to the common carotid and internal jugu-
lar. Gentle retraction followed by palpation of the temporal
artery helps assure adequate blood flow through the common
carotid. Exposure of the upper cervical spine may require dis-
section and ligation of branches of the external carotid artery.
The vertebral arteries and veins are usually located within the
transverse foramen of C2–C6. Examination of the pre-opera-
tive axial images helps define the interforaminal distance
between the transverse foramina, thus facilitating orienta-
tion during anterior decompressive procedures (54). The ver-
tebral veins are usually located medial to the arteries, and will,
thus, be injured more frequently than the vertebral arteries.
Hemostasis is usually managed with gentle packing with throm-
botic agents. Persistent hemorrhage may require further decom-
pression and exposure of the vessels followed by bipolar
electrocautery, repair, or ligation of the vessel. Ligation of the
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vertebral artery is associated with an increased risk of neuro-
logical deficit, thus repair is often preferred, if possible (55).
The dominance of the artery should enter this decision-making
process. The smaller of the two ventral arteries, if sacrificed,
poses less of a neurological risk than the sacrifice of the larger
artery.

Dorsally, the lateral aspect of the vertebral foramen is located
9 to 12 mm from the midpoint of the lateral mass at a 5 to 6º
medially directed angle in the C3 and C5 vertebrae. The angle
is laterally directed 5 to 6º at C6 (56). Laterally directed place-
ment of lateral mass screws should help avoid injury to the
vertebral arteries and nerve roots (57). The vertebral artery
emerges from the foramen of C2, and then courses medially on
the superior portion of C1 within the vertebral artery groove.
The distance from the midline of C1 to the medial aspect of the
groove ranges from 12 to 23 mm on the dorsal aspect of the ring
and from 8 to 13 mm on the rostral aspect of the ring in adult
vertebrae (58). Dorsal dissection on the C1 ring should, there-
fore, remain within 12 mm lateral of midline, and deep dissec-
tion on the rostral aspect of the ring should remain within 8 mm
of midline to minimize risk of injury to the vertebral artery.

The arch of the aorta with its innominate, left common
carotid, and left subclavian artery branches, as well as the
right and left brachiocephalic veins, are at risk of injury during
exposures of tumors involving C7–T3 through low cervical or
median sternotomy approaches (59,60). The subclavian ves-
sels and the origin of the vertebral artery are at risk for injury
during procedures for superior sulcus tumors. Knowledge of
the anatomy and careful retraction and protection can prevent
injuries to these vessels. The azygos vein is located on the right
ventrolateral aspect of the thoracic vertebral bodies from T4
through T12 and hemiazygos and accessory hemiazyous veins
lie on the left side of the thoracic vertebral bodies and usually
cross over at T8 or T9 to join the azygos vein. The descending
aorta is at risk for injury during left-sided ventral approaches
from T4 to L4 and the inferior vena cava is at risk for injury
during procedures involving L1–L4 (61). Protection of the
aorta, inferior vena cava, azygous, and hemiazygous veins with
a malleable retractor helps prevent injuries to these structures.
Ligation of the segmental vessels, followed by gentle dissec-
tion off the vertebral body, helps identify the plane between the
anterior longitudinal ligament and the larger vessels. Careful
utilization of curettes and pituitary ronguers combined with
protection of the vessels with a laparotomy pad or malleable
retractors helps prevent injuries to the large vessels. Identifica-
tion and ligation of the iliolumbar vein aids visualization of the
lower lumbar spine and increases the mobility of the common
iliac vein. Ligation or mobilization of the internal iliac vessels
and its branches helps decrease blood loss during total and
partial sacrectomies.

The radicular artery of Adamkiewicz contributes to the an-
terior spinal artery and provides the main blood supply to the
lower spinal cord. It usually originates from the left side and
accompanies the ventral root of T9, T10, or T11, but can origi-
nate anywhere from T5 to L5. The artery of Adamkiewicz usu-
ally originates from a segmental artery at the level of the
costotransverse joint, and then enters the intervertebral fora-

men (62). Ligation of segmental vessels over the midportion of
the vertebral body may help minimize risk of injury to the
artery of Adamkiewicz. Dissection or electrocautery near the
foramen and disarticulation of the costotransverse and costo-
vertebral joints can injure the artery or important collateral
vessels. Paraplegia resulting from segmental vessel ligation is
rare if vessel ligation is unilateral and normotensive anaesthe-
sia is utilized (63).

Injury to the aorta, azygos, inferior vena cava, and iliac
vessels can also occur during dorsal approaches to the spine.
Most injuries occur during the discectomy. Knowledge of the
width of the vertebral body and attention to the depth of pen-
etration of pituitary rongeurs and curettes within the interver-
tebral space should prevent over penetration of instruments
(64). Similar precautions help prevent vessel injuries during
dorsolateral vertebrectomy procedures. Subperiosteal dissec-
tion of the segmental vessels away from the vertebral body
followed by gentle dissection and protection of the great ves-
sels helps prevent injuries to the aorta, azygous, and inferior
vena cava during dorsal en-bloc spondylectomy procedures
(29,65,66).

Late hemorrhage owing to erosion, leakage, or false aneu-
rysm formation of the vessel has been reported. This complica-
tion is usually associated with prominent metal implants (67).

7.10. THORACIC DUCT INJURY
The thoracic duct is at risk for injury during ventral approaches

to the spine (68–70). The cisterna chyli is the beginning of the
thoracic duct and usually lies on the surface of the second lum-
bar vertebra between the right crus and the aorta. The thoracic
duct remains between the aorta and the azygos vein in the lower
thoracic spine and then crosses over to the left side at about T5.
The thoracic duct ascends into the neck as high as C6 before it
descends to empty near the internal jugular and subclavian vein
junction. If damaged, the thoracic duct should be doubly
ligated both proximally and distally to prevent chylothorax.
A fat-free, high-carbohydrate, high-protein diet combined with
aspiration is often effective treatment of chylothorax. Tube
thoracostomy drainage, intravenous hyperalimentation, and no
oral intake are instituted for persistent leaks. Exploration and
thoracic duct ligation may be required if non-operative mea-
sures fail.

7.11. THROMBOEMBOLIC DISEASE
The incidence of thromboembolic complications following

major spine surgery is probably between 1 and 10 % (70,72,73).
Postoperative compression boots and early mobilization prob-
ably lowers the incidence of thrombosis and pulmonary embo-
lism. The efficacy and safety of prophylactic anticoagulation
with aspirin, heparin, low molecular weight heparin, or war-
farin is unclear. Therapeutic heparinization for the treatment of
non-fatal pulmonary emboli following major spine surgery is
associated with a high incidence of complications, including
wound hematoma, deep wound infection, upper gastrointesti-
nal bleeding, cauda equina syndrome secondary to epidural
hematoma, and paraplegia secondary to epidural formation
(74). Placement of a vena cava filter is probably associated with
lower complication rates than heparinization and should be
considered for patients that develop pulmonary emboli after
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major spinal surgery. The treatment of clinically significant
deep venous thrombosis should be individualized from patient
to patient.

7.12. INFECTION
Spinal procedures for metastatic disease are associated with

higher wound infection rates as compared to procedures for
other disease processes (75). Weinstein et al. (75) reported the
incidence of spinal wound infection in 2391 consecutive index
procedures. They noted 20% (4/20) incidence of wound infec-
tion in patients with cancer metastatic to the spine compared
with 0.86% after discectomy, 1.5% after decompressive lami-
nectomy, 0.4% after fusion without instrumentation, and 3.2%
after fusion with instrumentation. Utilization of instrumenta-
tion, prolonged operative times, previous operations, neutro-
penia, history of chronic infections, alcohol abuse, recent
hospitalization, and prolonged postoperative wound drainage
are associated with an increased incidence of wound infection
(75–77). The incidence of wound infection is approx 2.5 times
greater with dorsal procedures compared to ventral procedures.
The utilization of peri-operative and intra-operative antibiotics
decreases the incidence of wound infection (76). Temperature,
white blood cell count, C-reactive protein, and erythrocyte
sedimentation rate are often elevated in patients with wound
infection. Wound erythema, warmth, and tenderness are sug-
gestive of a wound infection. Early cellulitis may be treated
with antibiotics, but exploration is indicated for persistent signs
of infection. Purulent drainage warrants exploration, irriga-
tion, and debridement. Wound exploration is also considered in
patients with persistent wound drainage. The fascia should be
opened unless the infection is clearly localized to the superfi-
cial layer. A thorough debridement and irrigation is recom-
mended for deep wound infections. Loose bone graft should be
removed. Instrumentation should remain unless the infection
persists despite proper irrigation and debridement. Wound clo-
sure over drains is preferred, but occasionally the wound is left
open and delayed primary closure is performed. Broad spec-
trum antibiotics are initially utilized until final culture and sen-
sitivity results allow narrowing of the antibiotic spectrum.
Intravenous antibiotics are usually administered for 6 to 8 wk.

7.13. WOUND COMPLICATIONS
Radiation therapy, chemotherapy, pre-operative emboliza-

tion, poor nutrition, and immobility contribute to increased
wound complications in patients with cancer. Ventral decom-
pressive procedures through a thoracotomy, thoracolumbar, or
retroperitoneal approach may decrease the incidence of wound
complications (78,79) compared to dorsal procedures utilizing
a midline dorsal incision.

Patients that received myelosuppressive doses of chemo-
therapy or pre-operative radiation therapy are predisposed to
wound complications (78,80). An absolute neutrophil count
less than 1500 cells/mm3 is associated with higher wound com-
plication rates (81,82). G-CSF effectively increases the abso-
lute neutrophil count in most patients with neutropenia. The
incidence of wound complications is higher in patients who
received pre-operative radiation therapy within a week of the
operation compared to patients that had surgery several weeks
after radiation therapy (78).

Minimizing pressure on the wound helps prevent wound
complications, especially in patients undergoing simultaneous
ventral and dorsal approaches through a T-shaped incision.
Maintaining a 90º angle at the intersection of the two arms of
the T-shaped incision helps decrease the likelihood of epider-
molysis and wound dehiscence. Early mobilization, log roll-
ing, and specialized mattresses diminish pressure and length of
time lying on the wound. Local flaps utilizing the latissimus or
trapezius muscle may prevent or treat wound complications
associated with prominent or exposed hardware (9,83).

7.14. RADIATION-ASSOCIATED COMPLICATIONS
Radiation therapy is an effective adjuvant and treatment

modality utilized to treat symptomatic metastatic carcinoma to
the spine and to decrease the rate of local recurrence. Radiation
therapy before surgical intervention for spinal cord compres-
sion is associated with a higher wound complication rate com-
pared to patients that receive radiation therapy after surgical
decompression (78). Ventral approaches may have fewer
wound complication rates compared to dorsal approaches.
However, Bilsky et al. (9) reported low wound complication
rates (1 out of 20 patients) after dorsolateral decompression and
stabilization in patients that received radiation therapy prior to
decompression. Judicious use of local flaps and the utilization
of low-profile instrumentation may decrease wound complica-
tions. If postoperative radiation therapy is planned, a delay of
at least 2 wk may decrease the incidence of wound complica-
tions.

7.15.COMPLICATIONS ASSOCIATED
WITH CORTICOSTEROID UTILIZATION

Corticosteroids are frequently administered to patients with
spinal cord compression. High doses of dexamethasone (100 mg
iv bolus followed by 24 mg orally or intravenously every 6 h)
and moderate doses of dexamethasone (10 mg iv bolus fol-
lowed by 4 mg orally or intravenously every 6 h) have similar
neurological outcomes (84,84). Fewer corticosteroid related
complications occur utilizing moderate doses of dexametha-
sone compared to high doses (86,87). A steroid taper is usually
begun after initiation of radiotherapy or after surgery if the
patient is neurologically stable. H2-receptor antagonists are
administered to prevent steroid-associated stress ulcers (88,89).
Neuroleptics are utilized to treat or prevent steroid-associated
psychiatric disturbances such as mania, psychosis, and depres-
sion (90). Patients receiving prolonged corticosteroid therapy
are more susceptible to Pneumocystis carinii pneumonia, and
are therefore given prophylactic sulfamethoxazole and
trimethoprim (91).

7.16. DEFORMITY
Patients with tumors involving the vertebral body have an

increased risk of developing a kyphotic deformity (Fig. 5). If
non-operative treatment is indicated, the use of a molded tho-
racolumbar spinal orthosis may prevent collapse of the verte-
bral body during radiation therapy. A laminectomy alone is
reserved for patients with lesions that only involve the dorsal
elements. A laminectomy performed in a patient with ventral
column involvement increases the likelihood of the develop-
ment of a pathological fracture of the vertebral body, and a
subsequent kyphotic deformity. Stabilization of the ventral
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Fig. 5. A 58-yr-old male with a solitary T12 metastatic renal cell
carcinoma. T1-weighted axial magnetic resonance imaging (A).
Marginal excision via simultaneous anterior thoracolumbar and pos-
terior midline approaches with anterior and posterior instrumentation
and posterior spinal fusion from T9–L2 was performed (B,C). He
developed a deep wound infection and a left pleural effusion 2 mo
later. An irrigation and debridement of the thoracolumbar and poste-
rior midline incision was performed followed by extension of the
posterior instrumentation from T8–L3 (D). The infection resolved,
but he developed a progressive kyphotic deformity with loss of fixa-
tion cephalad and caudal to the T12 laminectomy 23 mo after the
previous procedure (E).
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column should help prevent the development of a kyphotic
deformity. Corpectomy, combined with a vertebral body recon-
struction and stabilization, helps maintain sagittal alignment for
most patients with a single level metastatic lesion of the spinal
column (39–41,48). A single-stage dorsolateral transpedicle
corpectomy with vertebral body reconstruction and dorsal spi-
nal stabilization can help prevent postlaminectomy kyphosis in
patients with ventral and dorsal element involvement or in
patients with multi-level spinal column involvement (9,92,93).
Laminectomy with dorsal stabilization is occasionally indi-
cated for patients requiring short-term palliation (27,94,95).

Postlaminectomy and post irradiation kyphosis also occur
after treatment of spinal cord tumors and radio-sensitive tumors
located near the spinal column. Children with tumors in the
cervical spine and cervicothoracic junction are more likely to
develop deformity than older patients (96–98). Yasuoka et al.
(98) noted that 12 of 26 patients (46%) younger than age 15
developed a postlaminectomy deformity. Eight of these patients
required surgical intervention. Patients between 15 and 25 yr of
age did not develop postoperative deformities with the excep-
tion of two patients (6%). These two patients developed mild
deformities that did not progress after maturity and did not
require further treatment. Spinal deformity is more likely after
unilateral or bilateral facet excision has been performed along
with the laminectomy. An acute angular kyphosis is more likely
to occur after facetectomies compared to a more gradual
rounded kyphosis after laminectomies alone. Irradiation affects
the growing cartilage cells in the growth plate of the vertebral
bodies and may contribute to the development of spinal defor-
mities. Laminoplasty techniques may decrease the risk of de-
veloping a kyphotic deformity by allowing reconstitution of
the posterior elements. Expansive open door laminoplasty may
be appropriate in some cases. Fusion at the time of the initial
decompressive laminectomy may be appropriate in those
patients with a high risk for postoperative deformities. Close
observation is essential for early recognition of spinal deformi-
ties. Regular follow-up visits with lateral radiographs are essen-
tial during the first year after the operation and the adolescent
growth spurt.

Operative intervention of postlaminectomy and postradiation
deformities is usually recommended because bracing is usually
ineffective. A ventral or ventral combined with a dorsal spinal
fusion are associated with higher fusion rates compared to
dorsal fusion alone (64).

7.17. FLUID AND ELECTROLYTE IMBALANCE

Careful fluid and electrolyte balance is needed to prevent
pulmonary congestion, dehydration, and cardiac arrhythmia.
Patients with diffuse skeletal metastases may develop hyper-
calcemia with associated complications such as nausea, vom-
iting, abdominal pain, or cardiac symptoms. Early mobilization,
hydration, and utilization of bisphosphonates may prevent or
treat hypercalcemia.

7.18. RECURRENCE OF TUMOR

Recurrence of tumor is related to the biology of the primary
tumor and the surgical margin achieved during the initial op-
eration. Prevention of local recurrence decreases the likelihood
of recurrent spinal cord compression and subsequent revision

surgical intervention. Wide excision (27,28) is associated with
a lower incidence of local recurrence (<5%) compared to
intralesional excision (10–20%) (9,100). A wide excision may
be indicated in patients with primary bone tumors of the spinal
column, superior sulcus tumors, non-metastatic lung carci-
noma with spinal column invasion, and solitary spinal column
metastases. Intralesional excisions are indicated for patients
with aggressive tumors with multiple bone or visceral organ
involvement. These procedures usually provide adequate inter-
mediate or short-term local tumor control (27). Removal of all
visible tumor and the posterior longitudinal ligament provides
an immediate partial response, and probably decreases the
incidence of local recurrence because radiotherapy is more
effective against microscopic disease.

8. CONCLUSION
Attention to the details of obtaining the correct diagnosis,

pre-operative planning, meticulous surgery, and postoperative
care can minimize the incidence of complications. Prompt and
judicious treatment of complications should decrease the long-
term morbidity.
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1. ROLE OF BRACING

The literature regarding the use of braces in patients with
spinal tumors is sparse. In fact, most references on spinal bracing
relate to (1) idiopathic adolescent scoliosis (1–6), (2) osteoporotic
compression fractures (7–10), and (3) thoracolumbar spine
fractures (11–14). The role of bracing is much less well defined
for the operative and non-operative treatment of spinal tumors.
However, they are commonly used in the immediate postopera-
tive period after tumor resection and surgical stabilization to
protect both the patient and the integrity of the spinal construct.
Although long-term bracing may be successfully used as the
sole way of treating spinal instability resulting from tumor, the
role of long-term bracing for patients with spinal tumors
appears limited. In this setting, with or without the addi-
tional use of neoadjuvant chemo- and radiation therapy, bio-
logical capacity to achieve spinal fusion may be limited or
absent. High pseudoarthrosis rates should, therefore, be expected.
If life expectancy is limited to less than 6 mo, braces are fre-
quently applied in one form or another for the purpose of pal-
liation, particularly if surgical treatment is not contemplated or
feasible, but spinal instability is of concern. In the latter sce-
nario, braces are used as an adjunct to other forms of palliative
care, including chemo- and radiation therapy.

Braces provide an additional form of external support to a
segment of the spine that is compromised by tumor. The goals
of spinal bracing include (1) restriction of motion, (2) realign-
ment of the spine, and (3) trunk support (15). However, the use
of braces is not without controversy. There remain concerns,
for instance, regarding the efficacy of bracing (16–20). These
concerns are primarily based on the fact that the efficacy of
spinal braces is susceptible to the thickness of the soft tissue

overlying the spine. In fact, there is an inverse relationship to
the thickness of the soft tissues covering the spine (under the
inner surface of the brace) and its effectiveness (15). The afore-
mentioned is related to the length-to-width ratio of the brace.
Longer braces provide more efficient spinal stabilization than
shorter ones.

When using external splinting techniques, such as spinal
braces, it is important to understand the mechanisms by which
they function. It is, therefore, prudent for the spine surgeon to
realistically understand the principles of bracing.

2. BIOMECHANICAL PRINCIPLES OF BRACING

Braces can be divided into cylindrical body shell braces
(Fig. 1), and open braces, such as the Jewett brace (Fig. 2).
Open braces apply three-point bending forces to the torso. Both
concepts have advantages and disadvantages. Although cylin-
drical body shell braces are capable of providing significant
trunk support by increasing the stability of the ventral and dorsal
spinal elements (15,21), three-point bending braces are possi-
bly better at providing correction and control of sagittal plane
spinal deformity (Fig. 3). On the other hand, the latter type of
brace lends very little control of lateral bending and rotation. In
comparison, the cylindrical shell body brace, such as a
thoracolumbosacral orthosis (TLSO), is susceptible to poor fit.
The latter factor is very important because its ultimate efficacy
depends on conformation to the torso. A poor fit between the
halves of a brace allows parallelogram deformation of the brace
(Fig. 4) (15). This sliding of one-half past the other can be
minimized by the rigid attachment of the torso halves to each
other.

2.1. BRACING OF THE CERVICAL SPINE
The cervical spine is perhaps the single region of the spine

that is most suitable for bracing. This is because of the rela-
tively thin soft tissue mass that separates the spine from the
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Fig. 1. Shell whole body thoracolumbar orthosis.

Fig. 2. Jewett three-point bending brace.

brace. In addition, effective points of “fixation” such as the
cranium rostrally and the thoracic cage caudally, are available.
However, problems with control of lateral bending and rotation
have been identified (17,22–24). The parallelogram effect is
particularly relevant in the cervical spine because of its signifi-
cant mobility, particularly at the occipitocervical junction.
Attempts have been made to minimize this affect by using
additional fixation points, such as the mandible. However,
subsequent investigations have shown that these types of devices
actually worsen the parallelogram effect by applying exagger-
ated forces to the brace with the mandible acting as an extended
moment arm (25). If true immobilization of the upper cervical

Fig. 3. Three-point bending forces applied by the Jewett brace
(arrows) with minimized body contact. (Reproduced with permis-
sion from ref 15.)

Fig. 4. The disadvantage of a poorly fitted brace, in which the ventral
and dorsal halves are allowed to slide past each other, is depicted. In
this case, flexion (A) and extension (B) are not significantly restricted
because of this phenomenon. The elimination of this sliding motion,
and accompanying tight security between the halves (causing the brace
to function as a single solid unit), minimize this problem (C). (Repro-
duced with permission from ref 15.)

spine is required, motion in the mid to lower cervical spine can
be limited by utilizing thoracic fixation points (Fig. 5) (15).

This addresses the fact that all other forms of limited cervi-
cal bracing, such as most forms of soft collars, do not substan-
tially restrict cervical movement. Therefore, they should
essentially be regarded as comfort measures. Cervical braces
with mandible and/or shoulder extensions (Philadelphia collar)
provide a slight improvement over limited motion collars
regarding their stabilization effect. Nevertheless, the par-
allelogram effect remains a significant concern (15). This is
illustrated by the fact that true cervical flexion-extension move-



CHAPTER 39 / BRACING FOR PATIENTS WITH SPINAL TUMORS 339

ments are essentially unimpeded by most forms of shoulder
mounted cervical braces (25,26).

2.2. CRANIAL-CERVICO-THORACIC
IMMOBILIZATION TECHNIQUES

Traditionally, the halo has been regarded as the “gold stan-
dard” for the bracing of cervical lesions (15). It has been gradu-
ally replaced with Minerva type devices because the use of the
halo is associated with a number of problems. These are not
limited to pin site infections and lack of efficacy (16,27,28).
There exists an increased morbidity and mortality related to
prolonged halo use, particularly in the elderly (29–31). Newer
Minerva type devices minimize the parallelogram effect, result-
ing in an overall reduction of extension-flexion between the head
and thorax. However, there still exists significant motion at
each individual motion segment. This has been referred to as
snaking (15). The sum of these segmental motions can be quite
substantial (22). In fact, this effect can be exaggerated by the
rigid fixation of the head by the halo. Because segmental insta-
bility, rather than global instability, is of concern in most spine
tumor patients, snaking should be kept in mind when treating
cervical lesions with a halo-type device. When comparing the
halo and Minerva devices, it becomes apparent that Minerva
type devices are better at controlling subaxial cervical spine
motion and sagittal balance. In comparison, the halo is much
better at controlling capital extension and flexion.

2.3. CERVICOTHORACIC BRACING
Lesions of the lower cervical and upper thoracic spine require

inclusion of the thoracic spine by the brace to provide stability
across the cervicothoracic junction. A commonly utilized
device for this purpose is the sternal occipital mandibular
immobilizer (SOMI) (Fig. 6) or four-poster brace. The halo

may be applicable to the lower subaxial and upper thoracic
spine as well, because increased efficacy has been shown to
become manifest as one descends into the more caudal regions
of the spinal column (32).

2.4. THORACIC AND LUMBAR SPINE BRACING
Although bracing in the thoracic spine is relatively straight-

forward, it is much less so in the lumbar and lumbosacral spine.
Fixation for bracing in the thoracic spine can be achieved via
the axial segments above and below the pathology. Although
actual restriction of motion data are lacking, bracing in this area
is generally successful. This can be inferred from the clinical
data regarding the successful non-operative management of
thoracolumbar fractures (7–9) and adolescent idiopathic scolio-
sis (1–3).

In the lumbar spine, fixation to at least four to five vertebral
levels above and below the segment of instability are required
to achieve stability (15). Stabilization of more caudal
lumbopelvic levels is more difficult because of the short dis-
tance between the unstable segment and the pelvis. Hip flexion
aggravates this problem further and makes adequate immobi-
lization, even with application thigh-extensions (Fig. 7), nearly
impossible (19). In addition, lumbosacral orthoses with thigh
extension are poorly tolerated. This raises concerns of the over-
all efficacy of these types of braces, which have been suggested
to be effective by “irritating and reminding the patient to
restrict motion” at the lumbosacral junction (33). Although
motion restriction data on bracing in the lumbosacral spine is
scarce, the efficacy of the bracing is suggested by the fact that
uninstrumented lumbar fusions have been shown to be associ-
ated with higher fusion rates when braced for 5 mo, as opposed
to 3 mo postoperatively (34).

Fig. 5. The parallelogram-like bracing effect depicted here can be
significantly diminished by the minimization of movement in the low
cervical and cervicothoracic regions, via a three-point bending mecha-
nism. This significantly restricts true neck flexion-extension (A,B).
(Reproduced with permission from ref. 15.)

Fig. 6. Sternal occipital mandibular immobilizer three-point bending
brace for immobilization across the cervicothoracic junction.
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3. THE CHOICES

Bracing is often used as an adjunct to rehabilitation in post-
surgical patients following tumor resection. The ultimate goal
of spinal bracing after the surgical stabilization of metastatic
lesions is to protect the spinal elements during radio- and che-
motherapy and after decompression surgery and to reduce pain
for the patients in the immediate postsurgical convalescence
period. In general, recommendations for spinal bracing depend
on the location of the lesion (35). However, it is well known that
most spinal metastases are located in the anterior column.
Hence, this has to be taken into consideration when choosing
the size, type, and rigidity of the brace. Naturally, more rigid
braces should be chosen in cases of significant bony destruction.

For lesions in the cervical spine, cervical collars, such as the
Philadelphia collar, the four-poster brace, the Yale orthosis, the
SOMI brace, the thermoplastic Minerva body jacket, and the
halo can be used for immobilization of the spine (Table 1) (35).
As described above, the Philadelphia collar limits flexion/
extension somewhat, but does little to restrict lateral bending
and rotation. Instead, it is frequently a source of pain (35). As
a modification of the Philadelphia collar, the Yale collar is
more rigid and is capable of limiting flexion/extension more
efficiently than the Philadelphia collar. The SOMI brace should
be used for stable fractures and after fusion. It is particularly
useful when weaning a patient from the halo.

In the thoracic and lumbar spine, a TLSO, such as the Knight-
Taylor, a molded TLSO, or a Jewett brace may be used (35).
Although most TLSO braces are three-point bending devices,

the Williams brace is somewhat different, because it holds the
lumbar spine in flexion, thereby providing some lateral bend-
ing control (36). If more significant limitation of motion is
desired, the molded TLSO is the brace of choice as it provides
near total contact. If lesions are present in the upper thoracic
spine (T1–T6), a cervical extension should be added to the
TLSO brace (35). In the case of stable compression fractures
owing to metastatic lesions, a Jewett extension type brace can
be used. However, such a brace is unsuitable for unstable fac-
tures, which should not be maintained in extension (35).

4. COMPLICATIONS
The use of spinal braces may be associated with a number of

problems. These include “…(1) pain, (2) pressure, (3) psycho-
logical dependence, (4) poor hygiene, (5) axial muscle weak-
ness and disuse atrophy, (6) restriction of activity, (7)
aggravation of spinal symptoms, (8) vascular (venous) com-
promise, and (9) ineffective stabilization” (15). Halo bracing
may present with additional complications, such as pin site
infections, cosmetic problems, osteomyelitis, brain abscess,
and other soft tissue and wound-healing problems (15). Another
severe, but fortunately very rare complication, can be observed
as a result of exceptionally tight spinal bracing, the body cast
syndrome. This syndrome may be caused by duodenal obstruc-
tion. If unrecognized, acute gastric dilatation with vomiting
may ensue, thus, setting the stage for aspiration, airway com-
promise, cardiac arrest, or gastric perforation and peritonitis
(15). Removal of the brace and other symptomatic therapy may
be urgently required (37). The rarity of this syndrome is owing
to the rarity of extremely tight applications of lumbar braces,
and to the infrequent use of casts that are not removed or
loosened.

5. SUMMARY
Spinal orthoses should be used as an adjunct to surgical,

and other non-operative treatments of palliation. Their role in
patients with spinal tumors is to protect the spinal elements
during the immediate postoperative period, or during periods
of palliative chemo- and radiation therapy. They stabilize the
spine and prevent deformity by providing trunk support.

Clear goals of spinal bracing should be established regard-
less of whether operative, or non-operative treatment is chosen.
Long-term bracing may neither be efficacious, nor advanta-
geous for the patient, particularly if live expectancy is longer
than 6 mo. It should be noted that the different types of spinal
orthoses are not equally efficacious in immobilizing the spine.
In fact, segmental instability may be worsened by phenomena,
such as the snaking and the parallelogram effects. Therefore,
spinal braces should be used judiciously to avoid complica-
tions. More importantly, they “should be employed only as
long as they offer a therapeutic advantage” (15).
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TABLE 1
Choice of Bracing for Stable and Unstable Spinal Lesions

Location of lesion Stable lesion Unstable lesion

Occipital–cervical junction Four-poster brace TMBJ
Halo

Cervical spine Philadelphia Collar TMBJ
Aspen Collar Yale orthosis
SOMI brace Halo

Cervicothoracic junction Cervical braces with thoracic extensions
Thoracic spine Jewett brace TLSO
Thoracolumbar spine Jewett brace Custom-molded TLSO

TLSO
Lumbar spine LSO
Lumbosacral junction LSO with thigh extensions

TMBJ, thermoplastic Minerva body jacket; SOMI, sternal occipital mandibular immobilizer; TLSO,
thoracolumbosacral orthosis; LSO, lumbosacral orthosis.
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1. INTRODUCTION

Rehabilitation is a critical part of the interdisciplinary approach
to treating cancer patients suffering from tumors of the spinal
column. Early mobilization and physical therapy (PT) inter-
vention play and important role in preventing complications
(see Fig. 1) (1) and improving quality of life. Rehabilitation is
an integral part of the spine oncology team. It includes physical
therapy, occupational therapy (OT), nursing, social work, case
management, and physicians. This chapter discusses the role of
PT and OT in patients with spinal tumors.

The focus of this section is to highlight the interventions and
goals of PT for patients across an episode of care. PT and/or OT
should be consulted in the immediate postoperative phase as
well as during any other hospital admissions for medical treat-
ment of spinal tumors and metastases. Rehabilitation should
occur across all settings ranging from the acute hospital, to
acute and long-term rehabilitation facilities, home care, outpa-
tient, and hospice care facilities. Therapists and physicians
work closely with case management to establish realistic reha-
bilitation goals while in house, and identify the most appropri-
ate discharge setting and follow-up services. Discussions
regarding anticipated discharge plans should begin immedi-
ately after the initial PT and OT evaluations.

2. REHABILITATION PLANNING

Regardless of the setting, patients should undergo a thor-
ough examination and evaluation by the physical and occupa-
tional therapist to determine the appropriate care plan, addressing

all impairments and functional limitations. Although PT and OT
employ different interventions and methods, they share similar
goals for maximizing quality of life and independent living.
Impairments and functional limitations are assessed at the time
of initial examination (see Fig. 1). The evaluation incorporates
strategies used during the operative and non-operative treat-
ment of the spine, as well as the results of the examination,
social and environmental factors, patient goals, and status be-
fore admission. Patients may present with primary or meta-
static spinal column tumors, spinal cord compression, and/or
vertebral fractures. Regardless of diagnosis, patient goals, prior
level of function, occupation, family support, home environ-
ment, and prognosis are all considered when establishing a plan
of care.

3. EXAMINATION
The PT examination includes data collection for a history,

systems review, and tests and measures (2). The history is gath-
ered from the patient/family/caregiver interview, medical
record, and through team communication. Areas covered include
medical/surgical history, social/work history, home environ-
ment, medications, mobility status before admission, and level
of independence or assist required before admission. Objective
data is gathered through tests and measures, selected by the
physical therapist. PT examination of the patient with a spinal
tumor may include the tests and measures included in Table 1.

4. CARE PLAN
The care plan is established after the initial PT examination,

and includes the evaluation, diagnosis, and prognosis (2). The
evaluation is a clinical judgment based on the data gathered
from the history, systems review, and test and measures (2).
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Fig 1. Impairments and functional limitations.

Factors that influence the complexity of the evaluation include
the clinical findings, extent of loss of function, chronicity or
severity of the problem, possibility of multi-site or multi-sys-
tem involvement, preexisting conditions, potential discharge
destination, social considerations, physical function, and over-
all health status.

To better assign appropriate rehabilitation strategies to the
complexity of patients with spine tumors, diagnostic labels
proposed by the American Physical Therapy Association
(APTA) may be used. The diagnosis is a label encompassing a
cluster of signs and symptoms, syndromes or categories. The
diagnostic label indicates the primary dysfunction(s) toward
which the therapist will direct interventions (2).

The APTA has established the Guide to Physical Therapist
Practice (2). This guide was created to describe physical thera-
pist practice, content, and processes, both for members of the
physical therapy profession and for health care policy makers
and third-party payers. The guide uses Preferred Practice
PatternsSM that improve interdisciplinary communication, pro-
mote appropriate utilization of health care services, increase
efficiency, and reduce unwarranted variation in the provision
of services. Patients with tumors of the spinal column are included
in practice pattern (5H) Impaired Motor Function, Peripheral

Nerve Integrity, and Sensory Integrity Associated with Non-
progressive Disorders of the Spinal Cord (2).

Another goal of rehabilitation planning is to establish the
prognosis as the determination of the predicted optimal level of
improvement in function and the amount of time needed to
reach that level. The care plan identifies specific interventions,
proposed frequency and duration of the interventions, antici-
pated goals, expected outcomes, and discharge plans. The an-
ticipated goals and expected outcomes should be measurable
and time limited. Frequency and duration may vary greatly
among patients based on a variety of factors that the PT consid-
ers throughout the evaluation process (2).

5. INTERVENTION
Intervention includes the interaction between the therapist

and the patient, family, surgical and medical teams, and other
individuals involved with patient care across multiple settings.

5.1. INPATIENT SETTING
Members of the rehabilitation team should be consulted as

soon as the patient is admitted. Mobilization should begin as
soon as spine stability has been assessed or restored, and when
the patient is medically stable for intervention. The effects of
bed rest far outweigh the risks of early mobilization (3).
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In addition to mobilization, the inpatient hospital setting
provides an opportunity for education on prevention, functional
adaptation, support, and the role of therapy regardless of the
phase or extent of the disease process. Patients who have under-
gone spine surgery, radiation, or chemotherapy for spinal tumors
will require education about brace application (see Chapter 39)
and potential limitations on lifting, bending, or twisting. Trans-
fers and early gait training is emphasized in the immediate post-
operative phase. The log roll technique and positioning are
emphasized to aide with bed mobility and comfort. Ambulation
is the primary form of exercise in the first 4 to 8 wk following
surgery. For patients with advanced weakness and impaired
proximal strength, future stabilization exercise with a focus on
abdominal and extensor strengthening is recommended as fol-
low up in an outpatient setting (see Fig. 2).

5.2. INPATIENT REHABILITATION
Inpatient rehabilitation serves as a bridge between the acute

hospital setting and home or a long-term care facility. Acute facili-
ties are designed for the complex patient who can tolerate up to
3 h of PT and OT per day. The sub-acute setting is a less intense
environment with a slower pace therapy program for elderly
patients, or patients with decreased activity tolerance. The PT
goals remain focused on maximizing independence and safety
with functional mobility, aerobic conditioning, self-pacing, and
precautions. Functional mobility and support at home are impor-
tant factors when deciding between an inpatient facility and home
following and acute hospital stay (see Fig. 2)

5.3. HOME CARE
Patients who are safe for discharge home are usually inde-

pendent, or have supervision from family or home health care

Table 1
Tests and Measures

• Aerobic capacity and endurance
• Anthropometric characteristics
• Arousal, attention, and cognition
• Assistive and adaptive devices
• Circulation (arterial, venous, and lymphatic)
• Cranial and peripheral nerve integrity
• Environmental, home, and work (job/school/play) barriers
• Ergonomics and body mechanics
• Gait, locomotion, and balance
• Integumentary integrity
• Joint integrity and mobility
• Motor function (motor control and motor learning)
• Muscle performance (including strength, power, and endurance)
• Neuromotor development and sensory integration
• Orthotic, protective, and supportive devices
• Pain
• Posture
• ROM, including muscle length
• Reflex integrity
• Self-care and home management (including ADL and IADL)
• Sensory integrity
• Ventilation and respiration/gas exchange
• Work (job/school/play), community, and leisure integration or

reintegration (including IADL)

ROM, range of motion; ADL, activities of daily living; IADL,
instrumental activities of daily living (2).

providers. Home therapy usually includes a home evaluation
with attention to environmental safety as well as adaptive equip-
ment. The frequency and duration of treatment is determined
by the therapist based on patient prognosis, functional mobil-
ity, and support services (see Fig. 2).

5.4. OUTPATIENT THERAPY
Outpatient therapy plays an important role in educating

patients with spinal tumors regarding spinal stabilization and
body mechanics, regardless of whether the patient is a surgical
or non-surgical candidate. Treatment for patients with spinal
tumors may include bracing, ultrasound, hot packs, or trans-
cutaneous electrical nerve stimulation to alleviate pain (4). Patient
teaching and education may focus on extensor strengthening
exercises to help maintain good posture if deemed appropriate
by the treating spinal surgeon (5). Spinal stabilization exercises
begin with low-level isometric abdominal and lumbar strength-
ening exercises, and may progress to resistive strength training
with elastic bands or weights. Such educational programs may
assist the patient in adjusting his routine to decrease pain and
muscle fatigue. Overall lifestyle adaptation is important to allow
for a healthy existence and decreased overall pain for patients
with spinal column tumors (see Fig. 2).

6. OCCUPATIONAL THERAPY

OT centers on task adaptation and activities of daily living
(ADL) including self-care, adaptive equipment, bathroom
transfers, and kitchen and household tasks with the goal of
maximizing independence. In the acute care setting, patients
who are medically stable to mobilize should undergo an OT
evaluation. The focus at this time is on patient education regard-
ing postoperative precautions, particularly while performing
ADL. This includes proper transfer techniques while moving
onto and off of a toilet, in and out of a shower stall or tub/shower
combination, and safe kitchen mobility during simple home-
making tasks.

6.1. ADAPTIVE EQUIPMENT
If the patient is interested in maximizing independence or

working with a caregiver at home, instruction will be provided
regarding appropriate dressing and bathing techniques utiliz-
ing adaptive equipment (AE). OT interventions are focused on
impairments, which vary with spinal tumor location.

For most patients, lower extremity dressing and bathing is
very difficult to perform because of pain and/or following spine
surgery owing to postoperative precautions. Some commonly
used devices can address these issues including reachers, sock-
aides, long-handled shoehorns, and elastic shoe laces (Fig. 3).

Cervical and upper thoracic spinal tumors can lead to impaired
upper extremity strength, sensation, and fine motor control. The
functional limitations that follow may impact feeding, upper
extremity dressing, and toileting. AE is used to increase inde-
pendence and decrease pain. Commonly used devices include
wide-handled utensils, buttonhooks, and perineal tongs. Thera-
peutic exercise for the upper extremity is used to increase
strength, coordination, and fine motor skills required for ADL.

6.2. OT ACROSS MULTIPLE SETTINGS
Spinal rehabilitation begins in the acute setting and contin-

ues in the inpatient rehabilitation setting. The focus remains on
education regarding safe functional transfers and ADL perfor-
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Fig. 2. Physical therapy goals across the continuum of care.

the kitchen as well as other areas of the home where potential
safety hazards may exist.

Instrumental activities of daily living (IADL) can also be
addressed in either the home or outpatient setting following
spinal surgery or diagnosis with a tumor. These include cook-
ing, shopping, gardening, community reintegration, and any
other task that brings meaning to the individual patient’s life.

Occupational therapy can have a profound effect on the lives
of patients suffering from spinal column tumors. Patients are
provided with the opportunity to regain or maximize indepen-
dence and successfully adapt to or modify their environment.
Increased awareness of the role of OT in this population is
essential to providing the highest quality of care to the patient,
providing them with the best possible outcome.

7. COMMUNICATION
A team approach to patient care should include open com-

munication between the spinal tumor team and PT and OT.
Designating a member of the rehabilitation team to attend
rounds assists with therapist to doctor interactions and can pro-
vide for a concise care plan and discharge disposition. Good
communication is essential to maximizing outcomes and pro-
viding safe mobilization, particularly with the complex patient.
The therapist should complete a thorough analysis of the opera-
tive report followed by a discussion with the surgical/medical

Fig. 3. Adaptive equipment.

mance. This is also the time when AE and durable medical
equipment (DME) such as raised toilet seats and commodes are
issued (Fig. 4).

Most patients benefit from home OT to address home safety
and ensure proper carryover of all tasks and use of devices in
the home setting. Attention is paid to environmental barriers in
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Fig. 4. Raised toilet seat with grab bars.

team regarding level of permitted mobility, precautions, and
bracing needs. Once an appropriate plan for initial mobilization
has been established, information should be passed to the team
of caregivers interacting with the patient, allowing for improved
patient safety and continuity of care.
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1. INTRODUCTION

The management of pain caused by malignant involvement
of the spine can be challenging. The pain is often multifactorial
with somatic and neuropathic elements and may be compli-
cated by pre-existing non-malignant pain from arthritis, spinal
stenosis, or other chronic back syndromes. The mechanics of
the back increase the likelihood of incident pain that may be
particularly difficult to control. Excellent pain management
requires a team approach that might include palliative medi-
cine, anesthesia pain management, orthotics, and physical
medicine and rehabilitation. This chapter focuses on medical
management with opioid and adjuvant analgesic agents.

Despite evidence that 90% of cancer-related pain can be
effectively controlled with oral medications or rarely needed
invasive methods, too many patients continue to suffer from
significant pain that negatively impacts their quality of life and
interferes with function (1–3). Barriers to effective pain
management are multifactorial and are physician- and patient-
related (1,4). Physician related barriers include (1) confusion
about the development of addiction, dependence, or tolerance,
(2) unrealistic fear of side effects, particularly respiratory
depression, and (3) fear of regulatory oversight. Because
most physicians have minimal exposure to effective pain man-
agement during their medical school and residency training,

this educational lack contributes to ineffective treatment. This
chapter begins with a discussion of the pertinent definitions,
pathophysiology of pain, and pharmacology of opioid medica-
tions. The role of adjuvant analgesic medications, general prin-
ciples of management, and suggestions for a multidisciplinary
approach to the pain from spinal malignancies will follow.

2. DEFINITIONS

In discussing pain, specific terminology will be used
throughout this chapter.

• Constant or baseline pain: Pain experienced the majority
of the time.

• Breakthrough pain: Worsening of the baseline pain in an
unpredictable fashion.

• Incident pain: Pain provoked by a particular movement or
activity, voluntary or involuntary.

• End-of-dose failure: Pain that predictably occurs at the end
of the effective half-life of a medication.

Three troublesome definitions interfere with appropriate
pain management.

• Addiction: This is more appropriately termed psychologi-
cal dependence. Addiction is a psychological illness in
which the need for pain medication becomes paramount. It
is characterized by compulsive drug-seeking behavior and
illicit drug use despite negative consequences on health,
work, and relationships. It is not a consequence of the
appropriate use of pain medication for the management of
cancer-related pain (5,6). Cancer patients whose pain has
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been relieved by treatment are readily tapered from opio-
ids. There is a syndrome called pseudoaddiction (7) seen in
patients who have never had adequate pain control. They
use their medication more rapidly than expected with fre-
quent calls for additional medication prompting identifi-
cation as drug abusers by health care professionals. These
behaviors are not seen when adequate pain control is
obtained.

• Dependence: More appropriately termed physiological
dependence, this occurs with many medications including
opioids. If a medication is stopped suddenly, there will be
an expected withdrawal syndrome. It is not associated with
psychological dependence or drug-seeking behaviors and
does not imply addiction.

• Tolerance: Tolerance is the reduced efficacy of a medica-
tion after prior exposure to that medication. Although it is
clear that tolerance develops at variable rates to both the
side effects and the pain relieving effects of opioid medi-
cations, the dose increases required in cancer pain are pre-
dominantly related to progression of disease (5,8,9).
Allowing patients to suffer in the present in an unscien-
tific fear that future medication will be ineffective is not
justified.

3. PATHOPHYSIOLOGY

The pain seen in spinal malignancy is predominantly sec-
ondary to the involvement of the vertebral bodies with corre-
sponding bone pain and the consequences of compression
fracture, nerve compression or nerve root infiltration. The
pathophysiology of bone pain is multifactorial. Contributing
factors include (1) release of chemical mediators, (2) increased
pressure within the bone, (3) microfractures, (4) stretch of the
periosteum, and (5) reactive muscle spasm (10,11). In the com-
mon classification used for pain pathophysiology, nocioceptive
vs neuropathic, it is clear that both will potentially be involved
in the spine. The key differentiating feature is the transmission
of pain sensation along normal nerves (nocioceptive) vs abnor-
mal nerves (neuropathic) (12). Nocioceptive pain may be sub-
divided into somatic and visceral with bone pain the prototypic
somatic pain. Many cancer patients will have more than one
type of pain. This may be secondary to the disease, treatment of
the disease, or unrelated problems including preexisting pain
from arthritis or chronic back pain. Careful assessment, char-
acterization, and documentation, independently, of each pain is
critical to appropriate management. The suspected pathophysi-
ology can guide the choice of testing, therapeutic intervention,
medication, and the use of adjuvant analgesics.

4. PHARMACOLOGY (FIG. 1)

The World Health Organization guidelines have been widely
used to improve management of pain (3,13,14). Revisions that
include invasive techniques or eliminate the concept of “weak”
and “strong” opioids have been suggested. For the purposes of
this discussion these guidelines for medication will be used.
The section on adjuvant analgesic agents will discuss the step
1 drugs.The preferred medications for management of moder-
ate or severe pain are step 2 and 3 medications. Step 2 medications
include tramadol and the ∝-agonists (codeine, hydrocodone, and
oxycodone) in combination with acetaminophen or aspirin. The

preferred step 3 medications are morphine, hydromorphone,
oxycodone, fentanyl, and methadone.

4.1. MORPHINE
Morphine remains the medication of choice for moderate

and severe cancer pain. There are individual studies that sug-
gest different side effect profiles for other opioids, specifically
less constipation with fentanyl (15,16) and fewer hallucina-
tions with oxycodone (17,18), but these are small studies with
few patients. Relative costs of the different medications favor
the use of morphine or methadone. Because most physicians
have less experience with methadone, and the dosing may be
more problematic, morphine remains the preferred medication
for initial use.

Morphine may be given via multiple routes: oral, rectal, sub-
cutaneous (sq), intravenous (iv), intramuscular (im), intraspinal,
and sublingual. There is conflicting data on the value of sublin-
gual or buccal administration (19–21). Anecdotal studies sug-
gested this was a means of obtaining a more rapid onset of pain
relief. Other studies suggest that time to onset is actually delayed
and occurs by gastrointestinal absorption of swallowed medica-
tion. There is no indication for intramuscular administration
because sq is equally effective and less uncomfortable. The
ratio of oral to parenteral (iv, sq, im) dosing in non-naïve indi-
viduals is 3:1. The oral to rectal ratio is 1:1 (Table 1).

Morphine is rapidly absorbed via the gastrointestinal tract,
but undergoes extensive first pass metabolism in the liver via
glucuronidation. Morphine 3-glucuronide (M3G) is the pre-
dominant metabolite and is pharmacologically inactive but
thought to contribute to neurotoxicity. Morphine 6-glucoronide
(M6G) is active and more potent than the parent compound but
present in small quantities. In patients with renal insufficiency,
the metabolites may accumulate and increase the potential for
side effects. Morphine can be used safely in patients with stable
renal insufficiency with careful titration. An alternative medi-
cation is preferred if renal function is rapidly declining (22).

Peak plasma levels and therapeutic effects occur within 5 min
of iv administration, 15 to 20 min after sq, and 30 to 90 min
following oral dosing. The time to peak level for sustained
release morphine products is 150 min (22). The effective half-
life of immediate release preparations is 3 to 4 h but may vary
individually. The common practice of prescribing every 6-h
dosing is, therefore, inappropriate.

4.2. HYDROMORPHONE
Hydromorphone is available for oral, rectal, iv, sq, and intraspi-

nal use. The pharmacology is similar to morphine (23). It has a
significant but variable first pass effect with 62% ±33%
bioavailablity. It is metabolized in the liver via glucuronidation
that leads to an inactive metabolite (hydromorphone-3-glucu-
ronide) and active metabolites in small quantities (dihy-
dromorphine and dihydroisomorphine). The metabolites may
accumulate in renal failure and lead to neurotoxicity as seen
with morphine.

The onset of action is within 5 min for iv administration and
30 min for oral and rectal administration. There is no specific
data available on buccal or sublingual absorption, but because
hydromorphone is hydrophilic these routes are not likely to be
useful. Hydromorphone has the advantage of increased potency



CHAPTER 41 / PAIN MANAGEMENT IN SPINAL MALIGNANCIES 351

failure and alternate medications should be used. Effective oral
half-life is the same as morphine or hydromorphone, i.e., 3 to
4 h (27).

4.4. FENTANYL

Unlike morphine, hydromorphone, and oxycodone, fenta-
nyl is highly lipophilic. Given the rapid redistribution into
muscle and fat it has an initial short duration of action but
accumulates with repeated dosing. It is metabolized in the liver
with the metabolites felt to have little analgesic activity. Less
than 10% is excreted by the kidney and, therefore, it was thought
to be a reasonable choice in progressive renal impairment.
There is evidence to suggest that clearance correlates with
azotemia and the potential for accumulation exists with a cor-
responding potential for toxicity (28). Fentanyl is available for
iv, intraspinal, transdermal, and transmucosal use (29).

The transdermal preparation requires an initial transfer of
drug from the reservoir to the skin. This skin depot must be
filled before vascular absorption and remains after the patch is
removed. This results in a significant delay to initial effect
(range 14–28 h) and a terminal half-life after patch removal of
16 to 25 h (29,30). Therefore, transdermal fentanyl should not
be used in a patient in acute distress unless immediate release
medications are also given. It is not recommended when rapid
titration is needed. Use in narcotic-naïve patients is not recom-
mended because deaths have occured and the FDA has increased
required warnings. The transdermal preparation is particular use-
ful for patients who cannot swallow. It may also be useful in
patients who have difficulty maintaining regular schedules of
medication. Cost can be of concern for hospice and individuals
with limited insurance benefits.

Because fentanyl is lipophilic, it is the most appropriate
choice for transmucosal administration. The oral transmucosal

Fig. 1. The World Health Organization analgesic ladder.

Table 1
Equianalgesic Dosing of Preferred Opioids

Opioid iv/sq Oral

Morphine 10 mg 30 mg
Hydromorphone 2 mg 7.5 mg
Oxycodone NA 30 mg
Methadone 1/2 Oral dose Variablea

Fentanyl 0.1 mgb NA

NA, not applicable.
aRatio differs depending on prior opioid dose (40).
bVariable ratios (range 66 ∝g:1 mg–100 ∝g:1 mg) identified (109).

compared with morphine (1:5) that can be advantageous if large
dosages are required (24,25). This can be particularly helpful in
subcutaneous infusions where volume can be problematic (26).
The oral to iv ratio is less well established but often quoted as
5:1. The lack of a sustained release preparation in the United
States (available in United Kingdom and Canada) limits its use.
Chronic use requires every 4-h dosing.

4.3. OXYCODONE
Oxycodone is available in the United States only in an oral

preparation. It is commonly used in combination with acetami-
nophen that limits dose increases but is also available as a single
agent allowing unrestricted dose adjustments. Oxycodone has
a higher bioavailability from the gastrointestinal tract than
morphine or hydromorphone. It is metabolized via demethylation
to noroxycodone and oxymorphone. The parent compound is
the predominant pharmacologically active agent. Clearance of
all three compounds—oxycodone, noroxycodone, and
oxymorphone—will be reduced in renal failure leading to a
potential for accumulation. Half-life is prolonged in hepatic
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fentanyl citrate was created to manage breakthrough or inci-
dent pain when rapid onset of effect is desired. Dose titration is
needed to identify the effective dose and this dose does not
correlate with the doses used for sustained medications (31,32).
Utilization of this preparation may be limited by cost concerns.
There is a report of the use of the injectable fentanyl and sufentanil
via buccal route with rapid effect in incident pain (33).

4.5. METHADONE
Methadone is a unique opioid that has particular utility in the

management of pain related to malignancy in general and the
spine in particular. (1) In addition to ∝-agonist action it inhibits
the N-methyl-D-asparate receptor and prevents monoamine
uptake in the peri-aquiductal gray. (2) It does not have neuro-
active metabolites, therefore, it is useful in renal failure. (3) It
can function as sustained and immediate release. (4) It is rela-
tively inexpensive. Methadone has been shown to be useful in
pain, particularly neuropathic, that has not responded well to
other opioids (34–38). Unfortunately, physicians and patients
may be reluctant to use it given the association with addiction
management. The unique pharmacokinetics also contribute to
physician discomfort with its use.

Methadone is well absorbed from the gastrointestinal tract
with three times the bioavailability of morphine. It can be given
by oral, rectal, iv, and intraspinal routes (36–38). The sq route
can be irritating but addition of corticosteroids to the infusion
has allowed safe administration (39). It is metabolized by the
cytochrome P450 enzymes (CYP3A4) with, therefore, an
increased potential for drug interactions compared with
other opioids (35). There is wide interpersonal variability in
bioavailability with a half-life that can range from 10 to 75 h.
Given this, as needed (PRN) dosing is recommended at initia-
tion. Conversion ratios with other agents are also difficult to
determine. Previously published conversion tables have proved
to be inaccurate. The ratio varies substantially based on the
morphine equivalent dose (38,40,41). For example, at low doses
of morphine, the ration of morphine to methadone may be 4:1.
At higher doses the ratio may be 14:1. Use of published conver-
sion protocols is recommended (42).

4.6. TRAMADOL
Tramadol is a step 2 medication that is substantially differ-

ent from other ∝-agonists. It is neither an opium derivative nor
a semi-synthetic derivative of morphine. It is a weak ∝-agonist
that also inhibits monoamine (noradrenaline and serotonin)
uptake. Both mechanisms of action contribute to the analgesic
effect (43,44). It has been used successfully in cancer pain and
is one of the more commonly used medications outside the
United States (45,46). Side effects are similar but less common
than those seen with other opioid medications. Seizures have
been seen at higher doses (47,48) that limit dose escalation
(ceiling effect). It has the advantage of not being a controlled
substance.

4.7. SUSTAINED RELEASE (SR) PREPARATIONS
Oxycodone and morphine are both available in sustained

release forms (49,50). These have facilitated improvement in
pain control by eliminating the need for every 4-h dosing sched-
ules. Sustained release hydromorphone is available in other
countries (51). The tablet forms of oxycodone and morphine

consist of an acrylic matrix that releases medication over a 12-h
period. There are also morphine preparations with 24-h duration
of action consisting of a gelatin capsule with polymer-coated
micropellets (52,53). The SR oxycodone has a biphasic pattern
with an initial rapid release followed by a slower sustained
phase (54). The tablets (morphine or oxycodone) should not be
crushed as this alters the sustained absorption.

Studies have shown that the sustained release tablets of
morphine and oxycodone can be effectively dosed at 12-h
intervals (55,56). Despite this evidence, dosing intervals of
every 8 h or even every 6 h are still seen. There is no evidence
to support routine use of every 8-h dosing schedules. Rare indi-
viduals will develop end-of-dose failure (55). These individuals
give a consistent history of awakening in pain and requiring
breakthrough medication routinely several hours before the
next scheduled dose. End-of-dose failure may be managed
either by increasing the 12-h dose or changing to an 8-h dos-
ing schedule. This is the only circumstance in which every 8-h
dosing should be needed. There is no justification for dosing
intervals shorter than 8 h. A similar pattern can be seen with
transdermal fentanyl. Some patients will notice poor pain con-
trol after 48 to 60 h. As with morphine the dose can either be
increased or the patch may be changed earlier but not at inter-
vals less than 48 h.

5. MEDICATIONS NOT RECOMMENDED FOR USE

Multiple commonly prescribed medications are not recom-
mended for use in the management of cancer-related pain. These
include codeine, hydrocodone, meperidine, and the agonist/
antagonist combinations. The rationale for these recommenda-
tions are discussed in Subheadings 5.1.–5.4.

5.1. CODEINE
Clinical experience suggests codeine is more constipating,

produces more nausea, and has more neuropsychological com-
plications. It requires conversion to morphine for activity using
an enzyme with ethnic polymorphism (57). Some individuals are,
therefore, unable to metabolize codeine and obtain no benefit.

5.2. HYDROCODONE
Hydrocodone in combination with acetaminophen is com-

monly prescribed for general pain complaints. There is no
data available on use in cancer pain. It has the disadvantages
of co-analgesic agents with a ceiling effect and only oral prepa-
rations. These products and codeine containing products are
not schedule 2 medications and therefore, have the advantage
of call-in prescriptions and refills.

5.3. MEPERIDINE
Although one of the more commonly prescribed parenteral

analgesic agents, this medication is not recommended for regu-
lar use in pain management. Meperidine has a toxic metabolite,
normeperidine, which accumulates in 2 to 3 d, even without
renal impairment, and is associated with neuroexcitation, delirium,
and seizures (58–60). It also has very poor oral bioavailability
with a 6:1 oral to iv ratio. Meperidine has no advantage over
other opioid medications and should therefore be abandoned.

5.4. AGONIST/ANTAGONIST
These preparations are not recommended for several rea-

sons: (1) there is a higher incidence of psychotomimetic events
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(pentazocine). (2) They are available only in parenteral forms
(butorphanol, buprenorphine, and nalbuphine). Butorphanol
also comes in a nasal spray and buprenorphine may be given
sublingual but the doses are not practical for this patient popula-
tion. (3) They may precipitate withdrawal symptoms in patients
previously taking ∝-agonists. (4) They have a ceiling effect (61).
A transdermal preparation of buprenorphine is in study and
may make this a more useful product.

6. SIDE EFFECTS OF OPIOID MEDICATION

Successful management of pain requires prevention and
treatment of opioid side effects (62). Tolerance will develop to
most side effects, with the exception of constipation. Education
of patients to expect certain effects and the reassurance that
these will resolve in several days with consistent use can pre-
vent premature discontinuation of medication.

6.1. COMMON SIDE EFFECTS
6.1.1. Nausea
Opioid medications cause nausea by several mecha-

nisms including stimulation of the chemoreceptor trigger
zone, increased vestibular sensitivity and delayed gastric emp-
tying. Of patients, 50–75% will experience transient nausea
with morphine (63). This can be readily treated with D2 antago-
nist agents such as prochlorperazine or metaclopromide and
generally resolves with continued use. Patients should be
advised of the potential for nausea and given anti-emetics
either routinely or PRN for the first several days. Occasionally,
severe persistent symptoms develop that warrant drug rotation.
A history of prior emesis with morphine should generate a more
detailed exploration of the length of prior administration and
concomitant problems (anesthesia, and others). Unless there is
evidence of nausea with sustained use, it is reasonable to try
morphine again.

6.1.2. Sedation
Mild sedation should be expected when starting opioid

medications in a naïve patient. Although tolerance develops
within several days, it may recur with subsequent dose increases.
Patients should be advised of this whenever the doses are
adjusted. There are reports of successful management of seda-
tion with dextroamphetamine or methylphenidate (64–66).

6.1.3. Pruritis
Pruritis is a non-allergic symptom the cause of which has not

been clearly determined. Histamine release or effects of the
opioid receptors are considered possibilities. It is seen more
commonly with epidural or intrathecal administration. Antago-
nist agents such as nalbuphine and naloxone have been effec-
tive in relieving the symptom during postoperative intraspinal
analgesia (67,68). This would support a causative role for the
opioid receptor. Reassurance that this is not allergy and provi-
sion of benadryl or hydroxyzine may be helpful. In occasional
patients this may be bothersome enough to warrant drug rotation.

6.2. NEUROPSYCHIATRIC SIDE EFFECTS
In addition to sedation, other central nervous system com-

plications may develop (69). These include delirium and myo-
clonus. Delirium in the advanced cancer patient is usually
multifactorial but there is little question that opioid medica-
tions contribute. The development of delirium can be addressed

by a decrease in dose, if possible, with or without specific
medication for the delirium such as haloperidol. If the symptom
does not resolve then drug rotation may be required (70).

Myoclonus can develop with higher doses of all opioid
medications although rarely reported with methadone (71,72).
Family members may be more aware of this symptom than the
patient, particularly during sleep. If it is troublesome to the
patient then dose reduction is the management strategy of
choice. If pain control is inadequate, then the addition of adju-
vant medication for an opioid sparing effect with dose reduction
of the opioid or drug rotation may be needed. Symptomatic
management has been predominantly with benzodiazepines (73).

6.2.1. Constipation
This is the most common and troubling side effect of opioids

(74). Tolerance does not occur and the symptom may worsen
with increasing doses. It can be so severe that patients will
choose to remain in significant pain rather than risk worsening
constipation. It is imperative that the prescribing physician
initiates an aggressive bowel regimen whenever opioid medi-
cations are begun. Constant vigilance is required. The combi-
nation of a stool softener with a stimulant is usually effective
(70). Bulk agents are discouraged as they may exacerbate dis-
comfort. New agents to manage constipation, methylnalhexone
and alvimopan, are under study (75,76).

6.3. RESPIRATORY DEPRESSION
The most feared side effect of opioids is respiratory depres-

sion. The unrealistic fear of this complication contributes to
undertreatment of pain. There have been trials that clearly show
the antagonizing effects of pain to the respiratory effects of
opioids (77,78). Tolerance also develops rapidly. In the non-
naïve patient, sedation and delirium will develop before respi-
ratory depression. Mild sedation (normal respiratory rate, easily
aroused but returns to sleep) can be managed by decreasing the
next scheduled dose, changing to a smaller patch or decreasing
the rate of a continuous infusion. Other medications that may
be contributing to sedation (i.e., anxiolytic, gabapentin, anti-
emetic agents) should be stopped. If the sedation is more severe
(minimally arousable with adequate respiratory rate) then fur-
ther medication should be withheld (patch removed) until im-
provement. Naloxone should be given only in the event of
life-threatening hypoventilation. To avoid symptoms of with-
drawal or an exacerbation of pain, naloxone (0.4 mg) should be
diluted in 10 cc normal saline and then injected 1 cc every
minute until hypoventilation resolves (63). If the cause of seda-
tion is the opioid then 1 to 2 cc is usually all that is needed.
Because the half-life of naloxone is shorter than that of most
opioids, repeated doses may be required or initiation of a con-
tinuous infusion.

6.4. ADJUVANT ANALGESIC MEDICATIONS
When comparing the side effect profiles of the adjuvant

analgesic agents to the opioid medications it is important to
note that irreversible toxicity and end organ damage are only
seen with the non-opioid medications. Despite this fact and
documented frequency of hospital admissions for complica-
tions of these medications, physicians are much more comfort-
able with their use. It is clear they have a role in the management
of cancer-related pain particularly in combination with an
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opioid. They may have opioid sparing effects that can amelio-
rate delirium, sedation, opioid related constipation, etc. Choice
of medication is predicated, to a degree, by the suspected patho-
physiology of the pain.

6.4.1. Acetaminophen
Given in the appropriate dosage, this is the safest of the

analgesic agents for mild pain. There are no renal, gastrointes-
tinal, or cardiovascular side effects of concern. There is a rec-
ognized risk of hepatic necrosis with doses over 4 mg/d. There
may be some increased risk at lower dose in individuals with
pre-existing liver disease. It can be a useful adjuvant in bone or
visceral pain. It has minimal activity as a single agent in the
management of neuropathic pain.

6.4.2. Non-Steroidal Anti-Inflammatory Agents
Despite the common use of non-steroidal anti-inflammatory

agents (NSAIDs) as single agents or in combination with opioid
medications for malignant bone pain, there are no randomized
controlled trials that confirm bone specific efficacy in cancer
patients (79,80). The probability of response and the choice of
medication are completely unpredictable. It is clear that some
patients will respond to one agent from a class and not to others
of the same class or may respond to a different class of agents.
A sequential trial of different agents within a class or different
classes of NSAIDs is reasonable.

6.4.3. Bisphosphonates
Bisphosphonates are routinely used in breast and myeloma

patients with osteolytic bone involvement. They were devel-
oped for management of malignant hypercalcemia and their
activity is primarily secondary to osteoclast inhibition. There
have now been multiple trials (including placebo-controlled)
that have demonstrated not only a decrease in skeletal events
such as fracture or need for radiation therapy, but also a statis-
tically significant increase in quality of life with decreased pain
(81–83). Bisphosphonates are routinely used in breast and
myeloma patients with osteolytic bone involvement. They were
developed for management of malignant hypercalcemia and
their activity is primarily secondary to osteoclast inhibition.
There have now been placebo-controlled trials with both
pamidronate and zoledronic acid demonstrating not only a
decrease in skeletal events, such as fracture or need for radia-
tion therapy, but also a statistically significant increase in qual-
ity of life with decreased pain (81–84). The medications are
usually well-tolerated with the most common side effect being
a flu-like syndrome with fever and chills that occurs within 24–
48 h of administration. A Cochrane review concluded that their
benefit was modest but real and should not be the first choice
for pain control (85). Concerns with renal function and recently
reported osteonecrosis of the jaw may also impact their use (86).

6.4.4. Muscle Relaxants
Although clinically it seems obvious that muscle spasms

contribute to the pain of spinal malignancy, no trials document-
ing their significance could be found. Baclofen, diazepam,
tizanidine, and dantrolene are approved for use in spasticity
associated with neurological disease, i.e., amyotrophic lateral
sclerosis, multiple sclerosis, and spinal cord injury. Cochrane
reviews of agents for spasticity in spinal cord injury and mul-
tiple sclerosis found insufficient evidence to recommend a

particular approach (87,88). There are no trials to evaluate the
relative efficacy of these agents in patients with malignancy.
Therapeutic trials of one of these agents would be reasonable
when muscle spasms contribute to pain.

6.4.5. Corticosteroids
Corticosteroids, particularly dexamethasone, have multiple

uses in the management of spinal malignancies. The value in
symptomatic spinal cord compression is unquestioned (89).
Although functional improvement is the ultimate goal, improve-
ment in pain control also occurs. In addition, there is evidence to
support the value of corticosteroids in nerve compression and
bone pain (90). They can be particularly helpful in steroid
responsive diseases, such as myeloma, that commonly involve
the spine. While some studies have shown a rapid improvement
in pain with high dose dexamethasone (96–100 mg) in spinal
cord compression others have not confirmed this finding
(91,92). Side effects, such as gastrointestinal hemorrhage, gas-
trointestinal perforation, myopathy, and neuropsychological
toxicity, are greater with higher doses (93). In the acute setting,
particularly cord compression, their value is clear although the
specific dosage to use is still unsettled. For long-term manage-
ment of bone or neuropathic pain risks and benefits must be
carefully considered and the lowest effective dose should be
used.

6.4.6. Antidepressants
There is significant experience in the use of tricyclic antide-

pressant medications in the management of neuropathic pain in
diabetic neuropathy, post-herpetic neuralgia, and some head-
ache syndromes (94,95). Typically these agents are used for
burning, dysesthetic pain. The agent tested most often has been
amitriptyline, but given the higher incidence of anticholinergic
side effects, alternative agents have also been used with less
available data. Starting doses should be low (10–25 mg of
amitriptyline) and then increased gradually as required. Re-
sponses are seen at doses significantly lower than required for
treatment of depression. Studies of the selective serotonin
uptake inhibitors have been conflicting but generally have
shown less efficacy (96). There are case reports that have shown
efficacy for venlafaxine (97). Duloxetine is approved for dia-
betic neuropathy but has not been tested in cancer pain.

6.4.7. Anti-Convulsant Medications
Disease in the spine is often complicated by neuropathic

pain and because this may be more difficult to manage with
opioids alone, anticonvulsant medications are frequently used
as adjuvant analgesics (95). As with the antidepressant medi-
cations, most data is from diabetic neuropathy, post-herpetic
neuralgia, or trigeminal neuralgia. It is not clear that this data
can be extrapolated to the pain from malignant nerve compres-
sion or invasion. A Cochrane review in 2001 found few well-
constructed trials that confirmed the efficacy of anticonvulsants
in pain management, no trials comparing different medications
and only one study that included cancer pain (98). Their con-
clusion was to try other interventions before initiating these
medications. The choice of agent must include consideration of
cost, dosing frequency, side effect profile, and potential drug
interactions. The most commonly used medications are
carbamazepine, sodium valproate, and gabapentin. Gabapentin
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has the advantage of fewer drug interactions and fewer side
effects but must be dosed more often. The Cochrane Palliative
Care group found no evidence that gabapentin was superior to
carbamazepine (99). The somnolence seen with gabapentin
may be of more concern in patients taking opioid medications.
Newer agents, such as pregabalin and lamotrigine, have not been
tested, but could have value.

6.4.8. Calcitonin
Numerous reports document the ability of calcitonin to con-

tribute to pain control (99–101). It has been found effective by
sq (102), nasal (103), and subarachnoid (104) routes. Dosages
used and length of therapy have varied substantially making
specific recommendations difficult. Effects have typically been
brief but on occasion long lasting relief has been obtained.
Given the prolonged action of the bisphosphonates and their
lack of tachyphylaxis, calcitonin is rarely used now for pain
control in malignancy.

6.5. INVASIVE TECHNIQUES
Invasive techniques include intraspinal infusion of medica-

tion, neurolytic blockade, neuroablative procedures, and spinal
stimulation techniques. Although there is extensive literature
on various invasive techniques in the management of chronic
non-malignant pain, their role in the management of cancer
related pain is less clear. The various neurolytic blocks are
more useful in visceral pain although an isolated nerve root
compression from a spinal lesion could be managed this way.
Multiple nerve levels are more commonly involved rendering
these techniques less useful. As the oral/parenteral manage-
ment of pain improves and with increasing experience using
intraspinal infusions, neuroablative interventions are rarely
needed. Spinal stimulators have been used for the management
of non-malignant back pain but there is no literature on their use
in cancer-related pain. Therefore, the only invasive technique
discussed in this chapter will be the intraspinal administration
of medications.

Even with optimal multidisciplinary pain management tech-
niques a subset of patients will not have adequate pain control
or will develop unacceptable side effects. These individuals
may benefit from intraspinal (epidural or intrathecal) adminis-
tration of medication. The percentage of patients in this group
is less clear. There are no prospective trials in a multidisciplin-
ary pain management setting that evaluate the need for intraspi-
nal medications. Two retrospective reports referred 10%
(included neurosurgical referrals) and less than 2% of patients
for invasive techniques (105,106). Indications for a trial of
intraspinal analgesia are: (1) inadequate pain control despite
appropriate attempts at management by other routes including
the use of adjuvant medications and (2) unacceptable toxicity
from oral/parenteral opioids after appropriate drug rotations
and adjuvant analgesic agents.

The choice of epidural vs intrathecal and the choice of medi-
cation depend on the location of the pain symptoms. Relatively
localized pain (particularly lower extremity or pelvis can usu-
ally be managed with an epidural catheter placed near the level
of the nerves involved. For more generalized pain complaints,
intrathecal administration may be a better option. The most
commonly used medications are morphine, hydromorphone,

and fentanyl. If pain remains uncontrolled then bupivocaine
and/or clonidine may be added. Patients with incident somatic
pain were most often controlled with morphine alone, whereas
those with neuropathic pain usually required the addition of
bupivacaine for successful pain control (106).

There are different techniques used to deliver intraspinal
medications. It can be done using a tunneled external catheter,
a tunneled catheter to an sq port, or an implantable infusion
system. The external catheter and the port are then connected
to an external pump. There are multiple issues to consider in the
choice of technique.

1. Cost. Implantable pumps have a significant up front expense.
2. Life expectancy. Data suggest the pump becomes cost effec-

tive after 3 mo (107).
3. Availability of personnel to fill/maintain the implantable

pump. As patients become more ill, they may need more
frequent changes in pain management and be less able to
come to a clinic. Home care/hospice personnel would need
to have the equipment and experience to adjust doses in the
home.

Complications of intraspinal medications can be significant
but vary by technique. Complications occurred in 30 to 50% of
patients with external catheters. These included: (1) catheter
dysfunction (dislodged or broken), (2) infection, (3) hematoma,
or (4) hyperesthesia (106). The implantable pump has the low-
est risk of infection presuming frequent access for refills is not
required. The subcutaneous injection port appears to have fewer
complications than an external catheter and may be the best
alternative in the patient with advanced disease and shorter life
expectancy (107,108).

7. PRINCIPLES OF PAIN MANAGEMENT
• Careful assessment. This should include an assessment of

(1) time course. Is the pain constant or intermittent? Is
there breakthrough pain? Incident pain? (2) Location and
radiation pattern for each pain. (3) Pain quality (sharp,
dull, burning, and so on). (4) Pain intensity. Intensity
should be determined at baseline, before and after break-
through dosing and for incident pain, if present. (5) The
presence of modifying/exacerbating factors. (6) The func-
tional and emotional impact. (7) The results of prior medi-
cation trials. What medications and dosages have been
tried? Has there been intolerance to a particular pain medi-
cation? (8) Prior disease altering treatment, i.e., chemo-
therapy, hormonal therapy, radiation therapy, surgery, and
others.

• Choose a medication appropriate to the severity. Moderate
or severe pain (>4 on a scale of 0–10) should be managed
with a step 2 or 3 medication (3). Step 3 medications such
as morphine do not have a dose ceiling and may be increased
PRN until adequate pain control is obtained. It is not neces-
sary to start at step 1 and progress to step 3. The choice of
medication is determined by the severity of the pain (i.e.,
a patient presenting with level 7/10 pain on no current
analgesic would be given morphine).

• Constant pain requires constant medication. This can be
accomplished by scheduled dosing of immediate- or sus-
tained-release products.
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• Dosing should be based on the pharmacology of the medi-
cation and the patient report of efficacy and duration of
effect. Immediate release opioid medications alone or in
combination have an effective half-life of 3 to 4 h. There-
fore every 4-h dosing is needed. Tramadol may be given
every 6 h. Methadone, with its individual variability,
should be dosed on PRN schedule initially, usually at 3-h
intervals (34).

• Patients on sustained release medications or continuous
parenteral infusions must also have immediate release
medications available for breakthrough dosing.

• Use of adjuvant analgesic agents (NSAIDS, anti-convul-
sants, and tricyclic anti-depressants) should be tailored to
the specific characteristics of the pain. For example, add-
ing an NSAID for musculoskeletal pain, an anti-convul-
sant, or tricyclic for neuropathic pain.

• Frequent reassessment of the efficacy of the medication
chosen, side effects, and need for breakthrough dosing is
mandatory with adjustment in management as required.
When initiating pain medication or adjusting doses, it is
appropriate to have phone contact within several days and
physician follow-up within 2 wk.

• Titrate to effect or development of an intolerable side
effect using one opioid +/– adjuvant. There is no indica-
tion for more than one sustained-release opioid. Immedi-
ate-release medications should be the same opioid when
possible (an exception is fentanyl).

8. INITIATION OF THERAPY

The method chosen to initiate treatment for constant pain
depends on the severity. Patients with mild pain may be started
on non-opioid medications. Those with moderate pain may
manage well with the institution of an oral regimen. Parenteral
treatment with subsequent conversion to oral medications is
appropriate for someone in severe distress. In the opioid naïve
the steps are as follows:

• Step 1. Initiate every 4-h as needed dosing. Begin with 5 to
10 mg of oral immediate release morphine or oxycodone.
Have the person keep a diary of the doses used and the pain
level before and after taking the medication. Verify the
effectiveness of the PRN dose within 24 h.

• Step 2. After 48 h determine the efficacy of each dose and
calculate the 24-h consumption. Initiate sustained release
morphine by dividing the 24-h consumption by two. This
is the 12-h sustained release dose. Immediate release prepa-
rations will still be needed to manage breakthrough and/or
incident pain.

• Step 3. Frequent reassessment. Assess the level of constant
pain, the number of breakthrough doses needed on aver-
age, and the efficacy of the breakthrough medication. If the
constant pain is not well-controlled or frequent break-
through dosing is required, calculate the 24-h breakthrough
dosage, divide by two and add this to the sustained release
dose.

Case Study 1:

Mr. J has metastatic disease to the spine. He comes to the
office for his first visit and complains of aching pain of 4/10
severity. He has tried over-the-counter medications without
success. He is given morphine elixir 5 to 10 mg every 4 h

PRN and initiates a bowel regimen. He returns later that
week for re-evaluation. He found the 5-mg dose ineffective
and has consistently used 10 mg every 4 h. His 24-h con-
sumption is 60 mg. You start him on 30 mg sustained-release
morphine every 12 h and give him morphine 10 mg tablets
for breakthrough. One month later, he complains of wors-
ening pain. He is using his breakthrough dose more often
but it continues to be effective. He is now using it five times
a day for a 24-total of 50 mg. While evaluating the cause of
worsening symptoms, you increase his SR morphine from 30
to 60 mg every 12 h (50/2 = 25. Next available dose size =
30 mg). No change is made in his breakthrough medication.

8.1. NON-NAÏVE PATIENTS
Management of the non-naïve patient is similar, except sus-

tained release medications can be started after calculating the
current dose and increasing proportional to the degree of relief
obtained.

Case Study 2:

Mr. S comes to see you for pain management of prostate
cancer metastatic to spine. He has had radiation therapy
and hormonal therapy but continues to have pain. He is
currently taking 100 mg of SR morphine every 12 h with 30
mg of immediate release as breakthrough. He is using his
breakthrough medication four times a day and the dose
relieves his pain 50%. You calculate his usage as 320 mg
(200 mg SR plus additional 120 mg breakthrough) and in-
crease his SR morphine to 160 mg every 12 h. You increase
his breakthrough dose by 50% to 45 mg. (Other interven-
tions would also be appropriate, but only the morphine is
addressed for the purposes of discussion.)

8.2. MANAGEMENT OF INCIDENT PAIN
Incident pain can be particularly difficult to manage. It is

relatively common in malignancies involving the spine. Typi-
cally this is seen with a positional change such as from sitting
to standing or occasionally just rolling over in bed. If pain is
adequately controlled at rest then increasing levels of the con-
tinuous medication may result in oversedation. Options for
management include:

• Premedication with oral breakthrough medication before
activity known to cause pain.

• Specific treatment directed to the etiology (i.e., radiation
therapy, vertebral augmentation, and others).

• Bracing techniques.
• Patient-controlled parenteral medication.
• Oral transmucosal fentanyl citrate.

8.3. MANAGEMENT OF POSTOPERATIVE PAIN
IN PATIENTS WITH CHRONIC PAIN

There is nothing written that specifically addresses the man-
agement of postoperative pain in patients on chronic opioids
for cancer-related pain. In making recommendations, there are
two issues to consider. (1) Will the surgery have an impact on
the severity of the baseline pain for which the opioids were
ordered? (2) How long before the patient will resume oral
medication? It is unfortunate, but common, for a patient with
chronic pain to go to surgery for unrelated problems and be
placed on patient-controlled analgesia (PCA) at doses appropri-
ate for the opioid naïve. Severe uncontrolled pain is the result.
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If the surgery is unlikely to improve the baseline pain, and
oral intake will resume immediately after surgery then main-
taining the sustained release medication as scheduled is easiest.
Postoperative pain can then be managed using normal or
increased doses of breakthrough medication (oral, sq, iv).
Alternatively parenteral (PCA) without a basal rate can be given
for the postoperative pain. If the patient will be unable to take
oral medication for some period of time, then a continuous
infusion equivalent to the sustained release medication should
be started with PCA dosing for the postoperative pain. Appro-
priate oral to iv conversions must be used.

If the surgery may have a significant impact on the level of
baseline pain, then dose reduction may be necessary. At least
25% of the current medication level is needed to avoid with-
drawal. A continuos infusion of at least this dose should be
started. The breakthrough dose should be similar to the pre-
operative levels that were demonstrated to be safe and effec-
tive. The dose is subsequently adjusted based on response.

9. MULTIDISCIPLINARY TREATMENT

As noted at the beginning, the pain of spinal malignancy is
often multifactorial and usually requires the integration of
multiple modalities. The following scenario will address how
these might be incorporated.

Case Study 3:

Mrs. S presents to the office with severe back pain that has
been gradually progressive but with a sudden worsening.
She has constant bone pain (7/10) and severe incident pain
(10/10) when she tries to sit up. Additionally, she has weak-
ness in her legs and some difficulty initiating urination.
Physical exam demonstrates pain to palpation of several
levels in her spine plus mild neurological weakness in her
lower extremities. Laboratory evaluation is consistent with
multiple myeloma. A magnetic resonance imaging (MRI)
reveals involvement of multiple areas in spine with an early
compression fracture at T7 and epidural disease with thecal
sac impingement at T4. She is currently taking 10 mg of
morphine immediate release every 4 h with minimal im-
provement.

You admit her to the hospital for management. She is given
dexamethasone and radiation oncology is consulted to be-
gin urgent treatment of the epidural disease. A continuous
infusion of morphine is begun and a bowel regimen started.
As an outpatient, her 24-h consumption was 60 mg. The iv
equivalent would be 20 (oral:iv = 3:1). Given her severe
pain, one could increase the dose 100%, but because the
dexamethasone will also contribute to pain control, you
begin an infusion at 1.5 mg/h sq. (36 mg/24 h). A PRN (or
PCA) dose of 3 mg is available every 2 h. She is adminis-
tered a dose of pamidronate.

At the completion of radiation therapy, her neurological
function is normal and her pain is well-controlled at rest but
with continued severe incident pain. At this time she is seen
by a surgeon for vertebral augmentation. After the proce-
dure, her incident pain is completely relieved and, she is
converted to oral SR morphine 45 mg every 12 h (36 mg ⋅
3 = 108 mg oral). She continues monthly pamidronate and
chemotherapy for her myeloma.

In outpatient follow-up she is doing well except she feels she
cannot stand up straight and finds her muscles tire as the
day progresses. She is sent to orthotics for a corset for ad-
ditional support. This effectively resolves her symptom.

10. SUMMARY

The management of pain related to spinal malignancy should
proceed by the standards define by the World Health Organiza-
tion and the American Pain Society. Given the numerous treat-
ments available, there is no excuse for uncontrolled pain.
Effective management requires a multidisciplinary team ap-
proach and integration of medical, surgical, rehabilitative, psy-
chological, and spiritual modalities. Complimentary and
alternative modalities may also be helpful for individual pa-
tients. Physicians managing these patients should be comfort-
able with the use of opioid medications and aware of the
contribution of other modalities for appropriate consultation.
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1. INTRODUCTION

After surgery for cancer of the spine, follow-up care to detect
recurrence is an expected part of the overall postoperative care.
Components of disease-free surveillance include periodic
physical examinations, radiological studies, and blood work to
follow or detect tumor markers. Establishing standards for rou-
tine follow-up may be difficult owing to the variability of can-
cers involving the spine (low-grade sarcomas, high-grade
sarcomas, and metastatic disease) and the extent of involve-
ment throughout the spine or body.

Cancer screening has been undertaken in certain popula-
tions to try to detect early stages of various cancers in hopes of
providing earlier and more effective treatment (1–3). However,
in the case of spinal surgery for cancer, the follow-up care
changes from screening to detect early cancer to more frequent
and, in some cases, aggressive surveillance to detect recur-
rence.

When following a patient after cancer surgery of the spine,
whether the disease is a primary tumor or a metastatic process,
periodic follow-up is necessary to assess patients’ functional
status and to evaluate for cancer recurrence. Unfortunately,
there are no standards to guide the spine surgeon regarding the
frequency of follow-up appointments or what sort of testing
(blood work and radiographic imaging) should be performed.
There are, however, certain factors outlined in this chapter that
may help determine the aggressiveness of required follow-up
care.

Most importantly, follow-up must not be neglected, either
by the patient or their caregiver. Five years of disease-free
survival does not suggest that the patient with a chondrosar-
coma or chordoma of the spine is “out of the woods.” Likewise,
any patient with a history of spinal neoplasia presenting with
the cardinal signs of systemic disease (weight loss, fatigue,
malaise, pain, night pain, neurological impairment) should be
re-evaluated with respect to both local (spinal) disease and
systemic spread.

2. CLINICAL GUIDELINES FOR CANCER
SURVEILLANCE

Clinical surveillance programs for spinal cancer following
surgical resection largely dependent on (1) the type of the pri-
mary lesion, (2) its stage, (3) or in the case of sarcomas its grade
(high- vs low-grade), and (4) the extent of spine involvement.
These for factors directly impact the potential for a cure. Obvi-
ously, the smaller the tumor, the more feasible it becomes to
perform a wide excision with clean margins. Typically, overall
management should mimic the treatment of the primary lesion
whether that is some type of adenocarcinoma metastatic to the
spine, or a sarcoma or some other type of tumor arising from the
spine. Clinical practice guidelines have been developed by
expert panels of the American Society of Clinical Oncology for
cancer surveillance for some types of tumors that may metastasize
to the spine. Some of these clinic practice guidelines will be reviewed
in the following sections (4,5).
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3. SURVEILLANCE AND FOLLOW-UP CARE
FOR BREAST CANCER

Most recurrences of breast cancer occur within the first 5 yr
after the primary therapy (6–9). Coordination of care is encour-
aged and should be performed at regular intervals by a health
care provider, who is experienced in cancer surveillance pro-
grams and in breast examination, including the examination of
irradiated breasts (10).

3.1. HISTORY AND PHYSICAL EXAMINATION
“All women should have a careful history every 3 to 6 mofor

the first 3 yr after primary therapy, then every 6 to12 mo for the
next 2 yr, then annually. It is prudent to recommend that all
women perform monthly breast self-examination” (11).

3.2. MAMMOGRAPHY
Annual mammography is recommend in all women previ-

ously diagnosed with breast cancer (11). In women who under-
went breast-conserving therapy, a post-treatment mammogram
should be performed 6 mo after completion of radiotherapy
(6,11). Moreover, it should be performed for surveillance of
abnormalitiesor annually. Once mammographic findings were
found to be stable, yearly mammographic evaluations may be
performed thereafter (6,11). However, women should be informed
about symptoms of recurrence because most recurrences may
occur between scheduled visits (8).

3.3. UNNECESSARY ROUTINE SURVEILLANCE
FOR BREAST CANCER

There is no sufficient data to support the routine use of com-
plete blood count, basic chemistry studies, chest X-rays, bone
scans, ultrasounds of the liver, and computed tomography (CT)
(6,11). In addition, a number of breast cancer tumor markers
have been found to be unsuitable for routine surveillance. These
include the cancer antigen CA 15-3, the CA 27.29 tumor marker,
and the carcinoembryonic antigen (CEA) (6,11).

4. SURVEILLANCE AND FOLLOW-UP CARE
FOR COLORECTAL CANCER

According to The American Society of Clinical Oncology,
which publishes evidence-basedclinical practice guidelines on
colorectal cancer surveillance, the following clinical practice
guidelines for surveillance of colorectal cancer have been rec-
ommended by an expert panel (12–15).

4.1. HISTORY AND PHYSICAL EXAMINATION
Although there is very little clinical data to support that

history and physical examination influences outcomes of
colorectal cancer surveillance, it is recommended that a clinical
history and pertinent physical examination shouldbe performed
every 3 to 6 mo for the first 3 yr and annually thereafter (16,17).

4.2. CARCINOEMBRYONIC ANTIGEN
If resection of liver metastases was required, postoperative

serum CEA testing should be performed every 2 to 3 mo in
patients with stage II or III disease for 2 yr or more after diag-
nosis. If an elevated CEA level is found and confirmed by re-
testing further work-upfor metastatic disease is recommended.
However, this typically does not justify the institution of sys-
temic therapy for presumed metastatic disease (13,18,19).

The utility of CEA testing was demonstrated in a study from
the Eastern Cooperative Oncology Group, who followed 421
patients with recurrent disease after surgical resection forhigh-

risk stage B2 and C colon carcinoma. “For the subgroup of
resectable patients, the first test to detect recurrence was the
CEA test (n = 30), chest X-ray (n = 12), colonoscopy (n = 14),
and other tests (n = 40).” This study did not show that physical
examination was able in finding resectable disease (19).

4.3. COLONOSCOPY AND FLEXIBLE
PROCTOSIGMOIDOSCOPY

It is recommended that all patients should have a colonoscopy
pre-operatively and postoperatively. Clinical evidence suggests
that colonoscopy should be performed every 3 to 5 yr and not as
routine annual colonoscopies. Guidelines differ somewhat for
rectal cancer, particularly in individuals who did not have com-
bined chemotherapy and pelvic radiation for stages II and III
rectal cancer. In these patients, periodic inspection of the rectum
via flexible proctosigmoidoscopy is recommended at periodic
intervals. By contrast, patients who did receive pelvic radiation,
“direct imaging of the rectum (except for colonoscopy at 3 to
5 years) is not suggested” (13,15,18,19).

4.4. UNNECESSARY ROUTINE SURVEILLANCE
FOR COLORECTAL CANCER

In asymptomatic patients, who have received surgical resection
and radiation for colorectal cancer, data are sufficient to suggest
against routine pelvic imaging or CT. In addition, there is no suf-
ficient data to support the routine use of liver function tests, or
testing for fecal occult blood, and complete blood count. A chest
X-ray should be ordered only to evaluate pulmonary abnormalities
prompted by an elevated CEA test or for patients with symptom-
atic pulmonary disease suggestive of metastasis (15).

5. SURVEILLANCE AND FOLLOW-UP CARE
FOR LUNG CANCER

5.1. HISTORY AND PHYSICAL EXAMINATION
“For patients treated with curative intent, in the absence of

symptoms, a history and physical examination should be per-
formed every 3 months during the first 2 years, every 6 months
thereafter through year 5, and yearly thereafter” (4,5).

5.2. CHEST RADIOGRAPHS
“For patients treated with curative intent, there is no clear

role for routine studies in asymptomatic patients and for those
in whom no interventions are planned. A yearly chest X-ray to
evaluate for potentially curable second primary cancers maybe
reasonable” (20).

5.3. UNNECESSARY ROUTINE SURVEILLANCE
FOR LUNG CANCER

In asymptomatic patients and those patients not undergoing
therapeutic interventions, there is no proven benefit of routine
CT scan of the chest/abdomen; CT scan/magnetic resonance
imaging (MRI) of the brain, fluorodeoxyglucose-positron emis-
sion tomography scan, bone scan, bronchoscopy; complete
blood count, and routine chemistries and liver function tests.
These tests should only be performed if recurrence is suspected
(20–22).

5.4. LOW-DOSE HELICAL CHEST CT
This test has been found to be more sensitive than chest X-

ray for the identification of second primary cancers. However,
its merit has only been investigated for non-small cell lung
cancer and has been deemed investigational for routine follow-
up of patients with unresectable disease (20).
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6. SURVEILLANCE AND FOLLOW-UP CARE
FOR PLASMACYTOMA AND MYELOMA

6.1. HISTORY AND PHYSICAL EXAMINATION

Patients treated for solitary plasmacytoma may survive dis-
ease-free for decades before the malignant form of the disease
emerges. Annual or biannual serum immunoglobulin profiles
provide the most reasonable and sensitive form of surveillance.
Radiographs are not sensitive to early lesions, and bone scans
may appear negative even in patients with known bony disease.
The patient presenting with fatigue, malaise, and anemia should
spark concern in their physician.

6.2. CHEST RADIOGRAPHS
Recurrence of disease involves the bones, and skeletal mani-

festations are seen first. Chest X-ray may be remarkable only
for osteoporosis and compression fractures, but these herald
the emergence of myeloma in its malignant state.

6.3. ROUTINE SURVEILLANCE FOR MULTIPLE
MYELOMA

In many patients the disease course of myeloma never gives
enough respite to allow a surveillance period. Suppressive
therapy and bone marrow transplantation are providing longer
survivals, however, and even patients with persistent disease
may enjoy long periods of symptom-free survival. Follow-up
must include careful scrutiny of red cell counts, as well as sur-
veys of marrow aspirates for plasma cell concentrations. Rou-
tine assay of serum immunoglobulins will signal an increase in
the pathological cell line early on, allowing modification of
suppressive therapy.

6.4. SPINE IMAGING

Spinal involvement is very common among myeloma patients.
Spinal compression fractures are a major cause of pain and dys-
function. Identifying fractures when back pain first occurs can
allow earlier intervention before deformity becomes profound.
Screening studies (MRI) can demonstrate the extent of disease
and guide prophylactic treatment of impending fractures
through kyphoplasty or vertebraplasty techniques.

7. SURVEILLANCE AND FOLLOW-UP CARE
FOR SARCOMA

Sarcomas of soft tissue and bone must be irradicated locally
if long-term survival is expected. Local recurrence is often the
first sign of treatment failure, and may be seen before systemic
spread in some cases. Surveillance of the local tumor bed is
crucial for early detection of recurrence.

Patient should undergo careful examination of the tumor
site for any evidence of nodules or mass that may herald recur-
rence of tumor in the suture-line or margins of the resection. An
MRI at 3 to 6 mo may still be confusing owing to edema and
scar formation, but between 6 mo and 1 yr the tissues should be
stable and new masses or nodules should be distinguishable
from more benign conditions. Annual MRI is advisable from
then on.

After 7 to 10 yr, it is reasonable in many cases to progress to
every 2-yr MRI, but chordoma and chondrosarcoma patients
should still be followed on an annual basis, as disease progres-
sion at the 7 to 10 yr point is still quite common.

On the anniversary of completing the treatment protocol
indicated for the given sarcoma, a complete screening study is
indicated. Sedimentation rate, bone scan and pulmonary CT are
carried out, and abdominal CT or ultrasound to evaluate the
liver.

Any recurrence of pain at the resection site, or any signs of
systemic disease should trigger an aggressive screening study
in any patient thought to have obtained a disease-free status.
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1. INTRODUCTION

Many factors are involved in the decision-making process
regarding the management of spinal tumor patients. Metastatic
spine disease poses clinical and ethical dilemmas that are argu-
ably second to none in all of medicine. Many considerations
complicate this decision-making process. These include change
in the quality of life, life expectancy (and its uncertainty), treat-
ment costs, structural integrity of the spine, and the patient’s
fears and expectations. Each of these are addressed and are
considered as they pertain to the decision-making process
regarding the question, “When is enough, enough?”

In most cases, surgery in the setting of spinal metastasis is
palliative: that is, cure is not possible. The goal of palliative
medicine is to relieve suffering (mainly pain) and provide sta-
bility (if appropriate). The pioneers of modern hospice care
were the Irish Sisters of Charity, founded by Sister Mary
Aikenhead. In 1879, they opened Our Lady’s Hospice for the
Dying in Dublin. However, it was Dame Cicely Saunders
(nurse, social worker, and physician) of Great Britain, who
introduced the principle of relief from suffering rather than
medical intervention for disease management, now known as
palliative care (1,2). According to Dunn (1), Medicare Hospice
Benefit eligibility criteria dictates that hospice care should
begin when an individual has 6 mo or less of life expectancy,
assuming the disease would run its usual course. Palliative care
programs were born of the economic need and social concern

for those individuals who did not fit the Medicare Hospice
Benefit criteria (i.e., individuals who had terminal illness but
had >6 mo to live).

In 1975, Balfour Mount, a surgeon, introduced the term
palliative care on the opening of a new consulting service and
in-patient unit at the Royal Victoria Hospital in Montreal. He
reported to Dunn that the word hospice in French was ulti-
mately a word associated with negative meaning such as “insti-
tutional care for the indigent dying” (1). In its place, the Latin
word pallium was selected. In Latin this word means to cloak
or cover, but in the Oxford English Dictionary the word palliate
means to alleviate, mitigate, to lessen pain, and to give tempo-
rary relief (1). When discussing patients with spinal tumors,
more specifically those with cancer that has metastasized to the
spine, palliation may be an important option. For some patients,
surgery may be curative, for others, it can only be palliative.

The World Health Organization defines palliative care in
general terms “the active total care of patients whose disease is
not responsive to curative treatment (3). Control of pain, of
other symptoms, and of psychological, social, and spiritual
problems is paramount. The goal of palliative care is achieve-
ment of the best quality of life for patients and their families”
(4). At this time, the literature is quite sparse regarding pallia-
tive surgery recommendations or standards. Miner et al. (5)
conducted a review of the surgical palliative literature. They
included articles published from 1990 to 1996. The 348 cita-
tions were evaluated according to the following elements and
the percentage of articles in which the element was addressed:
physiological response to the intervention (69%), survival
(64%), morbidity and mortality (61%), need to repeat the inter-
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vention (59%), quality of life (17%), pain control (12%), and
cost (2%). The elements most difficult to quantify (quality of
life, pain control, and cost) were observed the least frequently
in the 348 citations. However, they are also the elements that
should be given the greatest consideration during the decision-
making process for palliative surgery.

Very general recommendations for palliative surgery are
mentioned in the surgical literature. Ball et al. (6) have outlined
the five essential roles of surgical palliation as are paramount
in regards to spinal metastasis: (1) initial evaluation of the dis-
ease, (2) local control of the disease, (3) control of discharge or
hemorrhage, (4) control of pain, and (5) reconstruction and
rehabilitation. In addition, The American College of Surgeons
has drafted a Statement of Principles Guiding Care at the End
Life. In light of the information available, the question remains,
“When is enough, enough?” for the patient undergoing pallia-
tion spine surgery.

2. LIFE EXPECTANCY AND QUALITY OF LIFE

Two major factors deserve much attention when managing
patients with metastatic spine tumors. These are life expect-
ancy and quality of life. The two are now mutually exclusive
and are often considered together, as described next. The life
expectancy of a patient with metastatic spine cancer is affected
by many variables. These include tumor burden and its control,
tumor histology, and the patient’s clinical history. Some tumors
take a more “benign course” than others. Many surgeons would
consider a 6-mo life expectancy to be acceptable for the recom-
mendation for aggressive therapy. Others may feel that 3 mo is
adequate, while still others would restrict this type of therapy
to those with a reasonable estimated life expectancy of 1 yr or
more. However, the patient may consider 1 mo or even less, to
be a reasonable amount of time for a chance at an improved
quality of life. Quality of life must be a major determinant of
treatment strategy, and cannot be overemphasized. However,
the physician and patient must remain realistic in their goal to
improve quality of life. If a patient presents with severe back
pain owing to vertebral body tumor involvement, but has only
3 mo to live, it would not be appropriate to perform a large spine
operation in which the patient could not be expected to be free
of postoperative pain until 3 mo after surgery. One must be rea-
sonable and not be unduly pessimistic or optimistic during the
decision-making process. The patient and the patient’s family,
as well as the treating physician, must all be realistic, and most
importantly, honest about outcome, life expectancy, and qual-
ity of life.

An interesting prospective, randomized study by Sugarbaker
et al. (7) assessed the quality of life following palliative surgery
in 26 patients with extremity sarcoma. Interventions for the two
groups were either extremity amputation and chemotherapy or
limb-sparing surgery, radiation therapy, and chemotherapy. To
the researchers’ surprise, the patients who underwent amputa-
tion and potentially more life-threatening procedures had a
higher quality of life. This underscores the importance of refrain-
ing from projecting preconceived notions about the quality of
life onto patients who may be candidates for palliative surgery.
It is vital that all options be taken into consideration, including

the extremes of aggressive surgery and no treatment at all. This
requires open, honest discussions between the surgeon, the
patient, and the patient’s family. The patient’s expectations and
goals should be fully realized. This must be reflected in the
final treatment plan.

Since the Sugarbaker et al. (7) study 30 yr ago, health-
related quality of life instruments have been developed and
applied to patients with cancer and chronic disease, generally
to compare treatment outcomes in the context of clinical trials
(5). They came to the conclusion that no single “health related
quality of life instrument would fit all the recommended con-
ditions or is suitable in all clinical situations,” though appropri-
ate instruments may be helpful in identifying the optimal
surgical procedure. For decision-making in the palliative sur-
gery setting, such instruments are best used in conjunction with
other indicators of quality of life, especially when the patient’s
situation is borderline and the decision-making process is com-
plicated.

3. COST

Cost must be considered during the decision to perform an
operation or other aggressive management paradigmt. The
performance of an operation in a patient with metastatic spine
cancer increases the cost of care substantially, often in excess
of $100,000. Obviously, both life expectancy (see Subheading
2.) and bone integrity (see Subheading 6.) are important in this
process, as is the operation that is selected. Simple operations
are less costly than more extensive ones. The addition of spinal
instrumentation greatly increases the cost of any procedure.
Although cost is extremely important, individual patient
characteristics should be considered first. If instrumentation
is indicated, it should be utilized.

As Miner et al. (5) revealed, of the 348 citations reviewed,
only 2% discussed cost with regard to palliation surgeries. Little
is known about the effectiveness or cost of various ends of life
therapies (8). There are no current articles discussing surgical
palliation for spine metastasis and cost. When considering a
simple or complex palliative spine surgical procedure, cost vs
benefit, and the overall health of the patient must be consid-
ered. Considered factors specific to the cancer patient should
include: age, immunosupression, anorexia, cachexia, nutrition,
steroid use, pulmonary function, hypocoaguability, deep vein
thrombosis, and wound healing issues (9). Ultimately, man-
agement of the tumor burden, type of surgery selected, implant
selection, and co-morbidities will affect cost of care, as well as
pain and suffering. The latter considers elements such as emo-
tional (uncertainty, anxiety, low mood, communication break-
down costs), social (lifestyle disruption, role change, stigma),
and physical distress (symptoms) (5). The surgeon, the patient,
and the patient’s family must weigh cost against benefit on a
case-by-case basis. Ultimately, what is best for the patient is
chosen (10).

4. PATIENT FEARS AND EXPECTATIONS

The primary concern and focus during the decision-making
process should be the patient, as well as the patient’s family.
The terminal patient has many fears and expectations that may
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not be appreciated by the treating physician. The patient is
often not as afraid of dying as of the unknown and of pain.
Kushner discusses these issues in great detail (11). His work
demonstrated that terminal patients are predominantly afraid of
two things: pain and abandonment. Therefore, open, honest
discussions between the patient, the patient’s family, and the
treating physician should be the first priority. The patient’s
expectations and fears should be truly acknowledged. More-
over, the surgeon should clearly explain the extent of the
patient’s disease and prognosis. This should be coupled with
the most appropriate treatment for the patient. Not necessarily
all possible treatments for many would not be appropriate. The
management of pain and the encouragement and involvement
of family, as well as the inclusion of significant physician in-
volvement and support of the patient is of paramount impor-
tance. A network including the patient, the patient’s family,
treating physician, social worker, palliative medicine and per-
sonnel should be assembled when appropriate.

Realistic expectations are imperative. The patient must ver-
balize regarding his/her mortality and understand the terminal
nature of his/her disease, as well as understand and appreciate
the realistic life expectancy. Neither the patient nor their family
can make realistic decisions if this information is not shared
with them. This involves a significant and, often times, emo-
tionally draining informed decision-making process, where the
patient and the patient’s family confront the patient’s mortality,
life expectancy, and realistic expectations. A realistic descrip-
tion of the quality of life after a possible spine operation, as well
as a realistic appraisal of the possible complications should be
provided. If surgery will not fulfill the expectations, a large
reconstructive procedure may not be appropriate.

The patient and the patient’s family should understand that
the primary goals of treatment are pain relief, function preser-
vation, and quality-of-life extension. If there are indications for
surgery, the patient clearly appreciates them, whether they are
pain, instability, or neurological deficits. They should also
appreciate the risks of surgery, the chance of achieving its goals,
and long term consequences.

5. SURGEON EXPECTATIONS

In treating the patient with spinal metastasis, the surgeon is
influenced by many variables. These include compassion, intel-
lectual stimulation, financial factors, and feelings of helpless-
ness. One should not fall into the trap of assuming that “when
nothing else is working, surgery will.” Surgeons must be hon-
est with themselves and their patients while recognizing and
preventing futile attempts at surgical intervention. Many surgi-
cal avenues are open and available to the spine surgeon. Almost
all, from the simplest to the most complete, are essentially
“possible” in almost every patient. The surgeon’s frame of
thinking should change from “What surgery can I do?” to “What
surgery should I do, if any?” for the particular patient. Just
because an operation can be performed, even with the patient’s
best interest in mind, it may lead to the patient experiencing
increased suffering (i.e., pain, neurological deficit) during his/
her final days of life. The informed decision-making process is
much more than an informed consent. It involves an ongoing

dialogue and interchange. The potential for patient and family
denial must be considered, further emphasizing the need for
honesty. The treating physician must also be cognizant of the
five phases of the patient’s response to death and dying: (1)
denial and isolation, (2) anger, (3) bargaining, (4) depression,
and (5) acceptance (12). Determining the stage the patient is
experiencing plays a vital role in the decision-making process.

One must be very careful to ensure that the patient’s denial
does not permit them to unrealistically appraise the situation. A
physician may state that the patient has a “chance to improve
quality and length of life,” whereas the patient hears “chance
for cure.” The physician must always maintain a high index of
suspicion that the patient is not receiving the appropriate mes-
sage under these circumstances.

6. BONE INTEGRITY

Bone integrity plays a major role in the decision-making
process in patients with metastatic spine cancer. Metastatic
cancer frequently affects multiple spinal levels, diminishing
the structural integrity of any construct. One must be concerned
about the possibility of myelophistic disease (extensive and
often occult tumor involvement of multiple spinal segments),
as well as osteoporosis. These issues affect cases in which spi-
nal implants are planned and in those in which they are not.
Often, a focal level of pathology is identified, for example, a
midthoracic pathologic fracture. A relatively short segment
construct (i.e., pedicle screw fixation two levels above and
below the fracture) may be initially planned. Poor bone quality
or myelophistic disease may dictate significantly extending the
length of the dorsal construct. This may then necessitate an
extensive spinal reconstruction. This procedure is likely beyond
the patient’s expectations and the surgeon’s goals and, further-
more, may substantially add to the cost of caring for the patient.
All may then agree that “enough is enough” and manage the
patient with other conservative measures, such as bracing.

The issue of bone quality may also come into play when
considering more “conservative” procedures in patients with
spinal metastasis. Perhaps a simple two-level laminectomy may
be appropriate for the management of spinal metastasis in a
patient with myelopathy. Even though deformity or a fracture
are not present, one may be required to provide stabilization
(i.e., instrumentation) to prevent deformity progression and
worsening neurological status following decompression. This
is often performed without a fusion. Again, one must return to
quality of life issues to determine if an extensive operation is
appropriate.

7. CASE
In order to illustrate and illuminate many of the factors

addressed in the prior pages, a complex case, from a decision-
making perspective, is presented.

Mrs. B is a 76-yr-old woman with a history of moderately
differentiated brochogenic carcinoma. She had undergone
a right upper lobectemy 3 yr before presentation, followed
by chemotherapy and radiation. Her spine was included in
the radiated field, and had been subjected to 4000 rads, a
maximal dose. She was referred by her oncologist for a
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Fig. 1. Lateral X-ray of the thoracic spine. There is collapse of the T9
and T10 vertebral bodies with focal kyphosis.

Fig. 2. (A) T1-weighted sagittal magnetic resonance imaging of the
thoracic spine. The T9 and 10 vertebral bodies are involved with
tumor. (B) There is evidence of gadolinium enhancement. (C) T2-
weighted imaging demonstrated spinal cord compression.
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history of mid-thoracic spine pain that radiated ventrally
into her right chest wall. Plain radiographs and magnetic
resonance imaging (MRI) demonstrated recurrence of her
tumor, with metastasis to T9 and 10 (Figs. 1 and 2).

Physical examination revealed no neurological deficit or
pathological reflexes. Her upper and middle thoracic spine
was tender to palpation, primarily in the midline. Her pre-
vious medical history was, otherwise, remarkable for two
myocardial infarctions and hypothyroidism. Her oncologist
indicated that she had a life expectancy of 6 to 12 mo. Her
radiation oncologist reiterated that she had already re-
ceived a maximal radiation dose—with one proviso. If she
were to develop intractable pain that could not be otherwise
effectively managed, she could receive additional radia-
tion—with the understanding that it would likely lead to
irreversible spinal cord dysfunction.

Although Mrs. B knew that her cancer had recurred, she was
not aware of her life expectancy when queried. Further-
more, she did not understand that the tumor had involved
her spine. To have a common starting point from which to
reach a treatment plan, both of these issues were directly
addressed. A conference was held with the patient, the
patient’s family, her medical and radiation oncologists, and
the treating spine surgeon. An open, honest discussion re-
garding the extent of the patient’s disease and, more impor-
tantly, her prognosis ensued. After the patient and her  family
understood the true underlying general issues, the involve-
ment of the spine by the tumor was addressed. It was iterated
that given the extent of pre-existing spinal canal compro-
mise, as well as the progressive nature of her cancer, it was
likely that, without surgical intervention, she would develop
a neurological deficit in the near future. Additionally, given
the extent of bony destruction by tumor, it was probable that
she would have further collapse of the involved vertebrae.
Neurologically, catastrophic instability would likely result.

To surgically address these issues, a decompression and
ventral and dorsal reconstruction would be required. This
would necessitate operating through a previously irradi-
ated field, with its attendant increased risk of infection and
wound problems. Blood loss could be expected to be signifi-
cant, and the surgery long, placing strain on the patient’s
already compromised heart. Her bone quality was medio-
cre, making fixation less secure. This would potentially re-
quire a lengthening of an already significant construct.

An extensive discussion was held with Mrs. B and her fam-
ily. After the aforementioned factors were clearly outlined
and the significant risks and potential benefits of surgery
defined, the potential for significant postoperative pain,
neurological deficit, and possible death were outlined. With
the understanding of the patient’s prognosis, the surgeon’s
expectations were clarified. Indeed, surgery would be very
risky and would require an extensive ventral/dorsal proce-
dure. The patient’s fears and expectations were then ad-
dressed. Mrs. B explained that her greatest fears were
paralysis and pain. She felt that her quality of remaining life
would be severely affected by losing neurological function.
She would be willing to undergo an extensive procedure in
an attempt to preserve neurological function. The patient
realized that neurological function preservation and the

Fig. 3. (A) Anterior/posterior and (B) lateral X-rays of the thora-
columbar spine following surgery. The patient underwent T9–T10
corpectomy with the placement of an interbody cage. She also under-
went T5–L5 pedicle screw fixation.
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prevention of painful pathological fractures were the ulti-
mate goals of surgery. It was made abundantly clear to her
that “cure” was not possible. Finally, the significant risks
of surgery were well defined. All were in agreement that
surgery was the “most appropriate” treatment strategy for
Mrs. B. She underwent a successful T9 and 10 corpectomy
via an extrapleural thoracotomy. A cage packed with au-
tograft was placed in the interbody space. The patient then
underwent a dorsal approach and stabilization with pedicle
screws from T5–L1. The patient remained neurologically
intact and survived an additional 16 mo without neurologi-
cal compromise or construct failure.

8. CONCLUSION

The surgeon and other treating physicians must not fall into
the trap of thinking that surgery will work when other treatment
strategies have not. The surgeon must ask “Can I help, and at
what cost?” This entire process requires team play. The team
includes the patient, the patient’s family, other health care pro-
fessionals and consultants, and the treating physician. All must
have the same information and strive for the same goals and
expectations. They must be honest and respect each other. The
team, and especially the surgeon, must consider realistic life
expectancies and, perhaps most importantly, should honestly
consider what they would want for themselves or a family
member under similar circumstances. The importance of the
informed decision-making process, in which the patient, the
patient’s family, and the treating physician come to a mutual
decision, is emphasized.
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Proton-beam radiotherapy, see Radiation therapy
PTH, see Parathyroid hormone
PTHrP, see Parathyroid-related hormone protein

Q
Quality of life, decision making in spinal metastasis, 366

R
Radiation therapy, see also Chemoradiation therapy,

breast cancer metastasis to spine management, 120
complications, 332
conformal radiotherapy,

biological gradients, 207
brachytherapy, 208
CyberKnife, 209
indications, 209, 210
intensity-modulated radiotherapy, 206, 208
physical gradients, 205–207
techniques for spine, 207–209

multiple myeloma management, 105
non-small-cell carcinoma management, 148
palliative care in gastrointestinal cancer metastasis, 137
pediatrics, see Pediatric spinal cancer
photon-beam radiotherapy of spine,

Ewing’s sarcoma, 213, 214
giant cell tumor, 214
metastatic disease, 212, 213
overview, 211, 212
plasmacytoma, 213
primary lymphoma, 213

primary spinal neoplasms,
astrocytoma, 192
chordoma, 192, 193
eosinophilic granuloma, 193
ependymoma, 192
meningioma, 193
multiple myeloma, 193
non-Hodgkin’s lymphoma, 193

prostate cancer metastasis to spine management, 126
proton-beam radiotherapy,

comparative treatment plans, 216, 217
Ewing’s sarcoma, 216
overview, 214–216
skull base sarcomas, 216
spinal/paraspinal sarcomas, 216

radiation tolerance dose, 189
radiopharmaceutical therapy for spinal metastasis management,

193, 194
side effects and management, 193
spinal cord compression, 191, 192
spine external beam radiation technique, 190, 191
thyroid cancer, 160

Radioiodine ablation, thyroid cancer, 159, 160
Radiopharmaceutical therapy, spinal metastasis management,

193, 194
RANK system,

bone metastasis role, 13
bone remodeling, 9, 10
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Rehabilitation,
care plan, 343, 344
communication, 346, 347
home care, 345
inpatient interventions, 344, 345
occupational therapy,

adaptive equipment, 345
settings, 345, 346

outpatient therapy, 345
physical therapy examination, 343
planning, 343

Renal cell carcinoma,
epidemiology, 126, 127
etiology, 127
markers, 86, 87, 89
spinal metastasis,

clinical presentation, 127
treatment, 127

treatment, 127
Rhabdomyosarcoma, pediatric spinal tumor features and

radiation therapy, 199, 200
Rituximab,

cancer management, 42
development, 97
leukemia management, 98

S
Sarcoma, see also specific sarcomas,

proton-beam radiotherapy, 216
surveillance, 363

Small-cell lung carcinoma, see Lung cancer
Spinal cord tumors,

classification,
extradural, 76
intradural-extramedullary, 76, 77
intradural-intramedullary, 77, 79
overview, 74, 75

surgical management,
intramedullary tumors,

complications, 282, 283
indications, 282
sources, 281, 282
techniques, 282

intramural-extramedullary tumors,
complications, 281
indications, 280, 281
techniques, 281

metastatic epidural tumors,
complications, 280
indications, 279
techniques, 279, 280

Spinal metastasis, see Metastasis
STI-571, leukemia management, 96
Straight leg test, spine physical examination, 61
Surgery,

biopsy, see Biopsy
breast cancer metastasis to spine management, 119, 120
cervical spine metastasis management,

atlanto-axial spine, 248–250
subaxial spine, 250–252

complications,
anticipation and preoperative planning, 323, 324
approach and planning, 326, 327
appropriate level and side, 327
biopsy, 324–326
deformity, 332, 334
dural tears, 328
dysphagia, 329
fluid and electrolyte imbalance, 334
gastrointestinal complications, 330
genitourinary complications, 329
glucocorticoid-associated complications, 332
hoarseness, 329, 330
infection, 332
instrumentation complications, 328, 329
neurological complications, 328
patient positioning, 327
pulmonary complications, 329
radiation-associated complications, 332
recurrence, 334
thoracic duct surgery, 331
thromboembolism, 331, 332
vascular complications, 330, 331
visceral injury, 329
wound complications, 332

decision making, see Decision making
decompression, see Decompression
efficacy in spinal metastasis, 21
goals, 44
historical perspective, 220, 221
indications,

spinal metastasis, 222–224
tumor type, 43–45

laminectomy, 221
lymphoma spinal involvement, 113, 114
minimally invasive surgery,

advantages, 285
concurrent posterior and thoroscopic approaches, 287, 288
endoscopic lumbar approaches, 285, 286
endoscopically assisted thoracic surgery, 288
percutaneous vertebral augmentation,

kyphoplasty, 289, 291, 292
vertebroplasty, 288, 289

scope, 292
thoroscopic approach, 286, 287

multiple myeloma management, 105, 106
non-small-cell carcinoma management, 148, 149
pain management, see Pain management
palliative care, 137, 365, 366
planning, 43
posterolateral transpedicle approach, single-stage operation

for spinal metastasis,
case studies, 297, 301
decompression, 296, 297
goals, 296
indications, 295, 296
outcomes, 301
postoperative care, 297
stabilization, 297
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primary malignant spine tumor surgery,
anatomic extent by zone, 312
approach, 315
indications, 311, 312
instrumentation, 317
planning, 317
reconstruction, 317–319
resection margins, 315, 316
staging, 312

resection, 45–47, 221, 222
spinal cord tumors,

intramedullary tumors,
complications, 282, 283
indications, 282
sources, 281, 282
techniques, 282

intramural extramedullary tumors,
complications, 281
indications, 280, 281
techniques, 281

metastatic epidural tumors,
complications, 280
indications, 279
techniques, 279, 280

stabilization and reconstruction, 44, 47, 48, 221
thoracolumbar spine metastasis,

approaches,
anterior, 257
posterior, 257
posterolateral, 257, 258
selection by lesion zone, 24–26

chest wall involvement, 262
complications, 262, 263
contraindications, 262
decompression versus stabilization, 256, 257
extensive disease, 262
goals, 255
primary tumor considerations, 260, 261
resection margins, 255, 256
sagittal balance, 261
vital structure involvement, 262

thyroid cancer, 159
tumor staging, 45, 46

Surveillance, see also specific cancers,
breast cancer, 362
clinical guidelines, 361
colorectal cancer, 362
lung cancer, 362
myeloma, 363
plasmacytoma, 363
sarcoma, 363

Symptoms, see Clinical presentation

T
Tamoxifen,

breast cancer metastasis to spine management, 119
cancer management, 40

Thoracolumbar spine metastasis,
radiation therapy, 255

surgery,
approaches,

anterior, 257
posterior, 257
posterolateral, 257, 258
selection by lesion zone, 24–26

chest wall involvement, 262
complications, 262, 263
contraindications, 262
decompression versus stabilization, 256, 257
extensive disease, 262
goals, 255
primary tumor considerations, 260, 261
resection margins, 255, 256
sagittal balance, 261
vital structure involvement, 262

Thyroid cancer,
bone metastasis,

management, 161
sites, 157, 158

clinical evaluation, 158
epidemiology, 157
prognosis, 158
radioiodine scanning, 159, 160
staging, 158
survival, 161
treatment,

chemotherapy, 160
follow-up, 161
prospects, 161
radiation therapy, 160
radioiodine ablation, 159, 160
surgery, 159
thyroxine suppression therapy, 161

types, 157
Tolerance, definition, 350
Tramadol, pharmacology, 352
Trastuzumab, breast cancer metastasis to spine management, 119
Tumor suppressor genes, types, 94

V
Vascular endothelial growth factor (VEGF), therapeutic

targeting, 42
VEGF, see Vascular endothelial growth factor
Vertebroplasty, percutaneous vertebral augmentation, 288, 289
Vicalutamide, cancer management, 41

W
Wilms’ tumor, pediatric spinal tumor features and radiation

therapy, 199

X
X-ray,

primary tumors of spine, 304
spinal cancer screening, 68
spinal metastasis, 73

Z
ZD-1839, cancer treatment, 99
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